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Ourselves. 

W ITH this issue, Current Science enters 
on its third year, so the present is 
regarded as a suitable occasion to review the 
progress of the past two years. 

It has been generally admitted by scienti- 
fic workers, both in India and abroad, that 
the Journal fulfils a long-felt want; that it 
represents the progress, at any rate, of a 
large section of Indian science ; and that it 
provides a useful medium for active scienti- 
fic contact between India and the rest of 
the world. The popularity of the Journal 
is evidenced by the large number of contri- 
butors and wide circle of readers both in 
India and elsewhere. Its publications are 
abstracted and reviewed by various techni- 
cal Journals in different parts of the world. 
The original contributions, as also many of 
the Special Articles, are cited in literature 
and extracts liberally quoted. It is indeed 
flattering to note that some of the articles 
appearing in Current Science have been 
reproduced as such in a number of technical 
Journals. 

From the scientific point of view, the most 
important section of the Journal is that 
which relates to Letters to Editor. The 
value of a science news Journal depends 
largely on prompt publication of new find- 
ings and this fact is recognised by the 
Editors who are endeavouring to provide all 
possible facilities in this direction. Letters 
which are received up to the 9th or 10th 
of each month are generally included in the 
issue appearing in about a fortnight from 
that date. Except in some occasional cases 
where the referee resides at some consider- 
able distance, or is otherwise unable to 
deal quickly with the matter, every note 
is promptly scrutinised and the authors 
informed of the decisions of the Board as 
early as possible. 

The technical status of a Journal is large- 
ly determined by the quality of its matter 
and this applies more than anything else 
to the nature of the announcement which 
figure in correspondence columns. Great 
care is being exercised therefore in the scru- 
tiny of papers received for publication in 
this section. In this connection it may be 
mentioned that acting on the recommenda- 
tions of their specialist referees, the Editors 
have on several occasions been obliged either 
to refuse publications or to return papers 
to authors for the necessary alterations. 
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This was always done in good faith and 
with proper courtesy and it is pleasing to 
record that most authors accepted the 
decisions in the right spirit. 

It is largely as the result of the above 
that the Letters columns of Current Science 
have found favour with many of the contri- 
butors from both within India and abroad. 
The columns have provided space not only 
for announcements of new findings but also 
for discussion of themes of controversial 
character. The latter have elicited many 
points of much scientific interest and except 
in a few stray cases, have generally been 
marked by moderate tone and liberal 
outlook. 

The Special Articles have always formed 
an important feature of tlie Journal. They 
are mostly contributions from experts in 
the respective lines and generally written in 
a style and manner calculated to interest 
not only other specialists in the line but 
also those pursuing other branches of 
science. The articles have generally been 
of the nature of reviews covering a vast 
field and often including a useful part of 
the author’s own contributions to the 
subject. Some have also been themes with 
constructive suggestions relating to certain 
scientific departments of the Government. 
There have also been some others dealing 
with subjects of topical interest such as the 
Cyclone on the East coast, and the Earth- 
quake in Bihar. 

The leading articles liave generally dealt 
with subjects of popular as well as specialis- 
ed technical interest: They have covered a 
wide range of themes from molasses to birth- 
control 'and from the several letters we 
have received it has to be inferred that 
they are being read with considerable 
interest by a large section of readers. The 
articles have not been mere scientific dis- 
cussions : in many cases, they have also 
included constructive suggestions some of 
which have already been adopted while 
others are being seriously considered by the 
Governments or organisations concerned. 
Particular mention may be made of the 
articles relating to Marine Fisheries, Pro- 
tection of Game and an Academy of 
Sciences for India — all of which have excited 
considerable interest both in India and 
abroad. 

In January of every year the Journal 
issues a special Supplement relating to the 
meeting of the Indian Science Congress 
held during that' month. The Supplement 


includes a leading article, the Presidential 
Address in extenso and abstracts of the 
dilferent Sectional Addresses. Some space 
is also devoted to summaries of public 
lectures and technical symposia held under 
the auspices of the Congress. Proceedings 
of annual meetings of different learned 
Societies which take place during the Con- 
gress Week are also briefly narrated. In 
addition to the above, the second volume 
of the Journal also includes a special 
Eeview Supplement relating to a wide 
range of publications issued during that 
year. It is hoped that with more encour- 
agement and better co-operation, it will be 
possible during succeeding years to issue 
more supplements, dealing with a wide 
range of subjects. 

The Eesearch Notes include abstracts 
of a number of outstanding contributions 
in different branches of science. In addition 
to noticing subjects of purely scientific 
interest, specibxl effort is also made to 
include findings of practical importance. 
The available space being rather restricted, 
it is not possible to include notes relating to 
all branches of science in any single issue 
of the Journal, but the matter is being so 
distributed that most of tlie subjects are 
covered in the course of a few mouths. 

The section of Science News is devoted 
to a variety of subjects such as certain types 
of technical matter which for certain reasons 
cannot be included under' other lieads, 
scientific items of general interest, univer- 
sity and educational intelligence, appoint- 
ments, scholarships for higher studios and 
such like. This section has been popular 
with a large section of readers and it is 
hoped that it will be possible to make it 
still more interesting and useful in the later 
issues. 

Some space is allotted to subjects of 
industrial interest but it has not so far been 
possible to find themes of such general 
interest as would appeal to most of our 
readers. It is hoped, however, with increas- 
ing interest in the industrial development 
of the country it would be possible to allot 
more space to this section. 

The advertisements relating to scientific 
equipment or technical literature are quite 
select in their character. They are sponsor- 
ed. by firms of very high standing and we 
are proud to include them among our 
clients. Owing to the fairly long interval 
that lapses between the issues of the Journal, 
we have so far been able to attract only 
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ii lew advertisements relating to higher 
appoiiitmimts in sciience, but it is hoped that 
it will be possible to include more in the 
pn^simt and tlie later volumes. In addition 
1,0 this it is also proposed to provide some 
a-dditioiial space under the section oC 
S(d(ui(u^ News or elsewhere for brief notes 
nda, (.ing to some of the higher appointments 
lor whicdi applications are invited daring 
1,li(wnontli in whicli the Journal appears. 

rakcm on the whole, the past two years 
have, witnessed tlie consolidation of the 
posit, ion of the Journal borJi in India and 
a.broad, a,ccompanied by steady improve- 
ment in various directions. Any little sue- 
(u^ss tlial, has been achieved is largely due 
t,o the aid'.ivo support and co-operation of 
a, number of seientilic workers in India and 
aJ>r()a,il. To them as also to our other 
friimds we are thankful for the good start 
\vhi(*h tlui Journal has made and the bright 
outlook for the future. 

Kvmi in days of general afidiience, scienti- 
fic journalism was rarely ever a financial 
succc^ss. I t need hardly be wondered there- 
fore tliat in these (lays of stringency, 
(Current ^^cle}^ce can hardly hope to run on 
the (‘.omparatively small income derived 
from subscriptions alone. Fortunately for 
th(i venture, a few Universities and scientific 


institutions have generously corno to our 
assistance. Particular mention may be uiade 
of the liberal donations from the Universities 
of Madras, Mysore, Hyderabad and Nagpur, 
as also the Indian Science Congress. The 
Council of the Indian Institute of Science 
have not only given substantial annual grants 
but have also provided the Journal with 
room for its office and other facilities. But 
for these and otlier friends who have liberally 
donated in their private capacities, the 
Journal would not have been the success 
that it is to-day. 

Even at the time of our writing, the 
financial position of the Journal is not so 
strong as one would wish it to be. T?hc 
income is just about sufficient to meet the 
liabilities, so there', is hardly any margin 
for fresh developments. It is earnestly 
Iioped therefore that more Universities, 
scientific institutions and private donors 
would come forward and help the promoters 
in their venture. Ciirrenl Science is a 
national institution standing for tlie progr(3SS 
of science in India and it is the duty of every 
one interested in the welfare of the country 
to rally round and nmdor all possible assist- 
ance to make the Journal an international 
success. 


The Great Indian Fin Whale (Ba/ru 

Tth Mliy a large specimen of the 
^ (lrea.tj Indian Fiu Whale was washed 
a..shor(‘, a,t tlie Colaba Jiicclamatiou, Bombay. 
TIh 3 sptHumeri had evidently been long dead 
as it wa.s thrown uj) in a highly decomposed 
(*.011(1 it ion. Being an unusual sight and con- 
si(l(u*(ul a sacnid animal, news of the monster 
spread far and wide. Kundreds of people con- 
tinu( 3 (l to visit the spot for sev(iral days till the 
(iarea,ss was removed. In spite of the condition 
of tJic carcass people flocked to collect tlie 
oozing blubber and portions of tlie meat. 
The condition of the animal was such that 
it was (piite impossible to make detailed 
notes to amplify the meagre description of 
.'Blandford in the Fauna British India 
{Mammalia), p. 567. This description was 
based on the mandibular rami, a rib, the 
right radius and 5 vertebrae preserved in the 
Indian Museum, Calcutta. Nothing is known 
of the external characters of this whale. 

Though the Times of India reported this 
specimen to be 52 ft. in length, the figure 
is much under- estimated, considering the 


nop leva Indicd) Stranded at Bombay.- 

actual length of tlui mandibular rami. hI{i(*Ji 
mandible taped approx imat(3ly 20 ft. I in. 
over th(3 outer (uirvo and 16 ft. in sbraiglit 
nuiasuremeut. Working on this data ih is 
estimat(3(l that this whale (*,oul(l not have 
b(3en much under 70 ft. wliou in the flesh, 
pc'vi-Iiaps oven a little l()ng(3r. 

There are several records of the stranding 
of tliis speci(3S along the west coast of India. 
A specimen measuring ()3 ft. was washed 
ashore at Bassein, north of Bombay, in 190/).' 
Another, 70 ft. in length, was reportcid from 
Viziadrng, near Itatiiagiri. In ,1912 a spevn- 
men 61 ft. was stranded at Katna,giri. Pratuu'” 
gave some measurem(mts and a photograph 
of the small Great Indian Fin Whale 41 fU 
in lengtli, which was washed up at Eatnagiri 
in 1914. There are a few r(3Cords of tlie strand- 
ing of this species along our coast. In all 
cases the carcasses were too decomposed to 
add much to the existing description, 
■ McCann. 

1 J. Bombay Nat. Hist, Soc.^i 1906, 17 , 533. 

2 Ibid., 1914,23, 576. 
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Hydraulic Laboratories of the West, Their Technique and Equipments. 

By Dr. IST, K. Bose, 

Irrigation Research Institute^ Lahore. 


I In the West hydraulic experiments have 
come to be recognised as the first essen- 
tials before a hydraulic construction of any 
magnitude is undertaken. Though the laws 
concerning hydraulic similitude are still in 
the making it is admitted on all hands that 
hydraulic model experiments conducted on 
proper lines can show up all the intricacies 
of movement inside the water medium which 
our present knowledge of mathematics and 
hydrodynamics cannot follow. It is there- 
fore one of those cases that crop up very 
often in modern sciences where experiments 
come to the help of mathematics to establish 
a theory. This intimate interplay of theory 
and practice makes Hydraulics one of the 
most difficult of sciences. K number of 
careful experiments were conducted in the 
19tli century on various hydraulic problems. 

Of these experimentalists perhaps Mariotte, 
Bernoulli and D’Alembert with Poiseuille, 
Darcy and Bazin in France, Eankine, Froude, 
Eeynolds and James Thomson in England, 
Eytelwein, Weisbach and Hagen in Ger- 
many, Yenturi in Italy with Francis and 
Hamilton Smith in America are most worthy 
of note. 

In spite, however, of all the work which 
has been so ably accomplished by these and 
other observers. Hydraulics cannot yet be 
classed as an exact science. The laws 
governing many of its phenomena are still 
imperfectly understood.”^ It had continued 
like this for some time till it was recognised 
that these laws had very serious limitations. 
Hydraulic structures based on Bligh’s 
theory were found to be very unsafe% 
canals designed on Kennedy's theory very 
seldom ran smoothly.^ Hydraulics was at 
this Stage when it was felt that something 
more than empirical laws was necessary if 
we wanted to control nature — a deeper 
insight into the workings of nature. A scien- 
tific and not only practical handling of the 
problems was felt imperative. It was felt 
that these problems must be tackled more 

^ Hydraulics and Its Application, Prof. Gibson. 
2 E. Mckenzie Taylor, Carr. Sci., 1934:, 2, 367. 

3 G. Lacey, “ Uniform flow in aJIuTial rivers 
and canals,” Proc, Inst, Civil Lnqineers, Session 
1933-34, 23 . 


scientifically always with an eye to their 
practical applications. This new recognition 
has given rise to three distinct classes of 
Hydraulic Laboratories. The first are the 
purely scientific laboratories generally called 
Hydrodynamic Laboratories. These extend 
their fields of activities not only to Hydrau- 
lics but to Aeronautics and Meteorology as 
well. The second class are purely practical 
and are strictly confined to the practical 
solution of definite problems. The third 
class are a combination of the above two 
and have the most difficult and most useful 
career before them. I shall take a typical 
case from each of these classes and show 
their workings. 

Of the first class the best that I have 
visited is that of Prof. L. Prandtl of the 
University of Gottingen. It is called Der 
Kaiser Wilhelm Institute fur Strornungsfors- 
chung — the Eesearch Institute for Fluid 
Movement, It has got four laboratories — 
one for hydrodynamical research, another 
for aerodynamics, third for turbine and the 
fourth for research by students. As I was 
concerned mostly with the first laboratory 
I shall describe briefly some of the experi- 
ments that were being carried on there 
at the time of my visit. The experiments 
that have made Prandtl’s Laboratory famous 
throughout the scientific and engineering 
world are varied. I shall concentrate main- 
ly on Turbulence that has direct bearings 
on Irrigation Problems. Prof. Prandtl’s 
laws of turbulent flow'^’ in pipes have shown 
how even for high Eeynolds’ number the 
friction loss in pipes is dependent on this 
number. At present experiments are in 
progress that will show where this influence 
ceases. This fact that even in the turbulent 
region, unless the Eeynolds’ number is very 
high, friction loss due to turbulence depends 
on this number, is very important for model 
experiments and limits very seriously the 
diriiensions of the model. It is well to 
point out here that the loss of energy due to 
turbulent friction is much more, sometimes 
even a thousand times more than that due 
to viscous friction. Prandtl’s theoretical 


^ “Neue Ergebnisse der Turbulenz-forschung,” 
Prof. L. Prandtl. ZeMschrift des Vereines Deutscher 
Inginieur, 1933. 


July 1934 ] 


CURRENT SCIENCE 


5 



Fig. 1. 


Refers to a series of experiments mentioned on page 4 in Prof. Prandtl’s Laboratory at Gottingen. 

Illustrates beautifully at A and A the side scour on the downstream end of an apron — 
X AY and XAY are the sides of tlie apron. The clock work with the scale enables 
the velocity of flow to be recorded antomcitically. 


deductions from these experiments and G. I. 
Taylor's^ mathematical analysis of Town- 
send and Fage’s experiments have to a 
certain extent cleared our ideas about tur- 
bulence and will in future help us to tackle 
the problem of silt-control in rivers and 
canals. There is another class of problems 
that are being tackled in this laboratory 
that have direct bearing on some of our 
irrigation problems. It is well known tliat 
when w^ater flows along a fixed surface there 
is a retarded layer of water between the 
fixed surface and the free fluid. This 
retarded layer called the boundary layer 
under certain circumstances leaves the fixed 
surface and generates a series of vortices 
between the fixed surface and the free fluid. 
These vortices generally scour away the 
fixed surface. It will be seen that we have 
the same phenomenon occurring at the 
downstream end of the wing walls of a fall 
or a weir. This problem is being attacked 
theoretically and experimentally in his 
laboratory. 


^ “The Transpoub of Vorticity and Heal 
through fluids in Turbulent Motion,” Prof. G. T 
Taylor. Proceedings of the Royal Society, Series A 
ld33j 13S* 


Of the second class the best I think is at 
Carlsruhe under the direction of Prof. Eeh- 
bock. Though Eehboek started his hydrau- 
lic researcli with his well-known formula 
for the discliarge over a rectangular weir, of 
lat(3 years he lias been mostly busy with 
experiments on river control and liarbour 
reconstruction. His work on Zudar See 
was directed principally with an eye to 
immediate application; and in his present 
work on the Ehine, all his energy has been 
directed to tlie practical solution of the 
problem. His conception of 3 or I variables 
and treating tliem as independent has been 
more than justifled by success. In dealing 
with river problems or scour and silting 
problems he is not at all conventional hut 
strikes out a path which is novel and very 
often not approved of by the leading hydrau- 
licians. I shall describe in detail only one 
of the various experiments that are in pro- 
gress in his laboratory. The general princi- 
ples of river experiments are as follows : 
When it is decided to do model experi- 
ments on a stretch of a river a long stretch 
of the river is taken and 2 or 3 different 
models with different scale ratios are con- 
structed, say 200 : 1, 160 : 1 , 150 : 1 , the 
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length ratio and tlie depth ratio are tlie same. 
Having thus fixed ^ n ' the discharge is i 
cousoqnently fixed. The river is then built 
with its levee that has remained stationary 
for a considerable length of time. The bed 
oE the model which has a different slope 
steeper than that of the river is filled uni- 
formly with brown-coal — very liglit chips of 
coal about 1 to 1*5 min. in size and density 
about 1*4 — to a certain depth. A certain 
discliai'ge is allowed to pass over the model 
for different lengths of time and the con- 
tours traced out by the water are photograph- 
ed by a camera that travels on two rails at 
a height of about 2 to 3 rn. above the model, 
tlie rail is ke 2 )t parallel to the water surface 
so tliat i-diotographs of the same size are 
obtained every time. These contours are 
then obtained for different discharges and 
then compared to the actual contours of the 
river bed ; by this means a time factor for 
each experiment is obtained which is 
different for different rivers. Tliis time 
factor depends on the slope and the quality 
of the silt used. For a stretch of the Ehine 
they have found tliat for the scale ratio 
100 : 1 , the time factor GI is nearly correct, 
so that a cliange tliat took 2 years in the 
Ehine to take place will require less than 
one day in the model. This makes liis 
experiment quick and has been more than 
justified in practice. 

Of the third class of laboratories I think 
tliat of Prof. Meyer Peters at ^nricli is by 
far the best. Though built only three years 



Fig, 2. 

Shows a corner of Prof. Mayer Peters’ Laboratory. 

A marks tli3 bi^' flame referred to on pai>;e 6. 

B marks the moveable inlet arrangement 
referred to on page 7. 

ago one could easily see that it has got a 
most useful career before it. In equipment 
and arrangement. I think it is the best and 
being the youngest it has profited by all the 
experiences of its predecessors. A series of 


experiments that are being carried on there 
will sliow clearly how Prof. Meyer Peters is 
trying to combine theoretical and practical 
aspects of a problem in these experiments. 
I found his assistant Einstein, son of the 
world-famous scientist, busy in rinding the 
model rules for experiments with silt. This 
is in connection with some .Rhine experi- 
ments ill vvliich it is proposed to investigate 
the silt carrying capacity of the Rhine. At 
present there are two similar experiments on 
the same line — one with pebbles about the 
size of 3 to 4 cm. and the otlier with 
*5 to *8 mm. The central idea in these 
experiments is the following : —In the 
experiments on the bigger scale which is 
supposed to be the prototype, of the 4 
variables Q the quantity of water, q the 
quantity of pebbles introduced per second, 
i the slope and t the depth of water, only 
the quantity q is variable, all tlie other 
quantities are kept constant. It is found 
that for each Q and < 7 , the slope i and the 
depth t adjust themselves, so that by 
changing q, the slope and depths can be 
varied.. Corresponding to this big scale 
experiment a model experiment on a small 
scale about 20 : 1 , is being carried on in a 
small flume, so that for each Q there corres- 
ponds a for i a i', t a t' and ([ ^ q'- 
This is being done in the two flumes simul- 
taneously with corresponding Q and Q', It 
will be seen that of these two experiments 
that on the big scale one is directed to a 
practical purpose whereas tlie small scale 
one serves the purpose of establishing th(.‘- 
theory of model experiment for silt. 

The equipments of these laboratories have 
I been more or less standardised in tlie course 
of the last few decades. With the exception 
I of a few arrangements that might be requir- 
ed to meet the special needs of any 
particular set of experiments or sometimes 
the special bias of the man in cliargc, the 
hydraulic laboratories are coming to be 
built more or less on the same linos. There 
are a few well-recognised principles : — 

1. There should be as few flxtures in the 
hall as possible. With the exception of the 
High Level Reservoir no arrangement is 
fixed in the laboratory — even this exception 
Prof. Seifert of the Prussian Government 
Laboratory at Charlottenburg thinks 
unnecessary. This is found to add consider- 
ably to the flexibility of a laboratory and to 
its capacity to accommodate different experi- 
ments specially on Tiver-control at the 
same time. The latest laboratory of Prof. 
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Meyer Peters is built on this type and lias 
been found to work quite satisfactorily. In 
his laboratory there are a number of move- 
able inlet arrangements provided with 
graduated rectangular weir. These inlets 
can be joined to the high-level reservoir, 
connections from which run all over the 
laboratory floor ; and they can be coupled 
with any experiment that Avants the 
required discharge, so that it is possible to 
build the model at any part of the floor of 
the laboratory hall, 

2. The High Level Reservoir is regarded 
as the soul of the Laboratory. Much 
depends on the way this behaves. A steady 
supply of water is found to be the first 
essential of all hydraulic experiments. The 
type at Carlsruhe has become the model for 
almost all the laboratories. It has the over- 
flow capacity of six litres per meter length 
of the spillway. This is found to be more 
than ample — sometimes we can do with less. 
Of course opinions differ about the most 
suitable height for these reservoirs. Rehbock 
thinks they should not be higher than 2 to 
3 m., whereas that one at Prag is as high as 
9 m. On discussion with Prof. Smetana, 
Director of d,lie Prag Laboratory, I found 
that the experiments that are usually carried 
on in his Laboratory require very higli 
heads and he wants to have as much iiead as 
possible available. It is well to remember 
that Prof. Smetana’s Laboratory has been 
built to meet the special problems of 
Czechoslovakia, that found herself after the 
War separated from Germany and Austria 
faced with the necessity of generating power 
Avithout coal or petroleum. She turned to 
her only river Moldava and started harness- 
ing it for power generation. Tliis laboratory 
has been built to control the river Avith a 
certain degree of security. 

3. A general concurrence . of opinion 
appeared to be that it is much better to 
measure the water sui-face in an experiment 
directly by means of a pointer from above 
than to take it in a side vessel connected 
with the main flow by means of a pipe. Of 
course the latter method has got this 
advantage that once the water surface is to 
be measured in a side vessel where the 
movement of the level is negligible, highly 
accurate technique can be applied. In spite 
of this advantage it is coming to be recognis- 
ed that bore holes for the gauge wells can 
never be accurately placed and if the 
streamlines are not exactly perpendicular to 
the bore which is very unlikely in turbulent 


flow, there is a danger of false reading. 
Hence water-lcAmls are read in the open by 
pointers every 10 sec. about 20 times continu- 
ously and then averaged out. It is found 
that this gives better level than tlie gauge 
well readings. 

There are a number of special problems 
that are coming to be recognised as being 
amenable to model experiments. Mention 
has already been made about one of these, 
movement of silt in canals and rL^ers. 
Another is the problem of seepage in a porous 
medium such as the sand. It Avas Darcy 
who first derived the empirical law of flow 
associated with his name; but it avuxs 
Forchheimer who first attacked this pi’oblem 
theoretically and showed how tlie movement 
in such a medium follows some well-known 
definite laws. Forchheimer' s deduction is 
based on the assumption that the movement 
of water in a porous medium is capillary. 
Experiments have not been conducted to 
prove this. The scries of experiments that 
are at present being carried on in the Punjab 
Irrigation Research Institute will prove or 
disproA^e this definitely. However the argu- 
ment of the Vienna t^chool is something 
like this. It liaving been established that 
movement in such a medium is laminar 
experiments on models follow as a matter 
of course. In Prof. iScharfernak’s Laboratory 
at Vienna such model experiments are done 
now more or h^.ss as a routine work; and 
Prof. Bchallernak thinks that with the 
theoretical treatment of tliesc^. problems on 
the lines suggested by Prof. Forcdiheimer 
and with th(‘. (experimental simplification 
arrived at by him in his laboraitory, it is 
possible to calculate the probable seepage 
fi-om a dam or a (*,anal, the (expected safety 
of a wear or (him foundations against blow- 
ing up. Model results in this field have 
come to be r{‘, cognised here as reliabhi as 
those in any other cas(‘,s of hydraulic experi- 
ments : and the model laws in this case 
being better known and understood it is 
X)ossible to transfer all model results to the 
full-scale structures, with a greater degree 
of confidences than in any other fudds of 
hydrauli(‘.s. Prof. vSehaifernak and his 
assistant Dr. Dachler have reduced the 
Avhole thing to such a state that they can 
predict the safety of a dam or a weir, or 
the seepage from a canal with a fair amount 


Zur Gruiidwa'sssrbrurgang nash Isothermis- 
chen Kurveiischaren, Prof. Phillip Forchheimer, 
Wien, 1917. 
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of accuracy. Whenever a problem is refer- 
red to them they put the model (generally 
to a scale of 25 : 1) in a sand tank and run 
the experiments for a certain length of time 
and photograph a few streamlines with 
colouring dyes. This photograph with a 
few certain other data of the experiment is 
analysed in a very ingenious way'^ and they 
know how the prototype is going to behave 
under similar conditions. Of course the 
porosity of the soil below the prototype 
forms an important factor in this behaviour. 
In river constructions particularly it is 
known that the soil medium is stratified. 
This stratification alters the course oE stream- 
lines and pressure gradients in a very 
marked way. This has also been tackled by 
the Vienna School. How to take account 


of the heterogeneity of the soil has been 
considered by Prof. Terzaglii and forms an 
interesting chapter in his book Erdbau- 
meehanick”. So between Forchheimer, 
Schafiernak and Terzaglii they claim to 
have solved this problem of seepage and 
safety of dams more or less completely and 
they claim very close agreement. It will 
be seen that their whole claim rests on the 
assumption of Forchheimer which if not 
supported by experiments the whole super- 
structure falls. 

The above is a very short account of rny 
experience during my last visit to the princi- 
pal hydraulic laboratories of the West. I 
am afraid some of the points require amplifi- 
cation and it is hoped to deal with them 
more at length in some future issue. 


The Study of Plant Tissue Fluids. A Critical Review. 

By B. N. Sastri and M. Sreenivasaya. 

(Department of Biochemistry^ Indian Institute of Science j Bangalore.) 


P LANT physiologists have interested 
themselves in the study of saps which 
represent the nearest phytological analogue 
of blood. The great success achieved by 
physiologists in the field of clinical chemistry, 
has stimulated the investigation of tissue 
fluids which regulate all the principal meta- 
bolic processes in plants. A study of the 
sap should give a closer insight into the 
metabolic changes in the plant than that 
obtained by an investigation of the whole 
tissue which includes the static reserves and 
the physiologically inert structural units 
comprising the plant organism. 

Tissue fluid studies have proved useful in 
elucidating the nature of the physiological 
changes accompanying the {a) various phases 
of growth, (5) changes of environment and 
season, {e) manuring, and (d) onset of diseases. 
Valuable information has been obtained 
with regard to the suitability of a particular 
soil for the cultivation of a given crop. 
The fact that the fluid of the tea leaf has a 
pH value of 4-3— 4*5, is an indication that 
the crop prefers an acid soil and instances 
are known where liming of tea soils and 


’’ “ Versuchstechnische Losung von Grund- 
wasserproblemen Prof. F. Schafi;ernak and 
Dr. B. Dachler, Die Wasserwirtschaft Jahrgang, 
1931, heft 1 and 3. 


attendant reduction in acidity, lias proved 
detrimental to tea growth.^ The analysis of 
indigenous plants lias provided significant 
indication regarding Jfiie suitability or other- 
wise of the area for the introduction of 
related exotics.’ Tissue fluid studies have 
been employed with more or less success for 
obtaining information regarding the bio- 
genics of essential constituents of plants ; 
establishing varietal differences of crops 
for elueidating the nature of drought 


^ Cooper, Ind. Tea -4.9.*^. Sci. Quart. J., 

1925, pt. iv, p. 130. 

2 Harris et al, J. Agr. Res., 1924, 27, 893. 

2 Balls, Proc, Camb. Phil. Soc., 1914, 17, 407. 

^ Harris, Go rtner and Lawrence, J, Phtjs. Chem., 
1921, 25, 122. 

5 Harris, Gortnei* and Lawrence, J. Gen. 
Physiol., 1921, 3, 343. 

0 Harris andPopenoe, J. Agr. Res., 1910, 7, 201. 
7 Newton and Martin, Can. J. Agr. Res., 1930, 

3, 330. 

® Gortner, Hiffman and Newton, C.A., 1924, 18, 
2543. 

0 Pantanolli, C.A., 1919,13, 1602. 

Harvey, J. Agr. Res., 1918, 15, 83. 

11 Dexter, Tottingham and Graber, Plant 
Physiol., 1932, 7, 63. 

12 Salmon and Fleming, J. Agr. Res., 1918,13, 
497. 

13 Maximov, Protoplasmay 1929, 7, 259, 
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and disease^"^"^" resistance, for revealing the 
nature of relationship between hosts and 
parasites, for determining the nutritional 
requirements of plants, for evaluating 
the vitaminic content of potable juices and 
more recently, in a study of the plant 
viruses.^^’-" 

The Choice of Tissue for Analysis. 

In the above studies, choice of tissue is an 
important consideration which determines 
the success of the investigation. In a 
study of the functional disorder brought 
about by disease as reflected in the compo- 
sition of the tissue fluid, the most sensitive 
tissue suffering the maximum metabolic 
disturbance has to be chosen for the study. 
The leaves are usually the most sensitive 
of plant organs, and show the changes in 
a pronounced manner. 

The choice of tissue for study will also 
depend upon the nature of the problem. 
Biogenetic studies of constituents involve 
mostly the investigation of those tissues 
where the constituents tend to accumulate. 
A study of the physico-chemical relation- 
ship between the host and parasite involves 
an examination of their root systems if 
one is dealing with a root parasite like 
Sanialmi Album Linn. 

In a study of the changes induced by envi- 
ronmental conditions, the most susceptible 
tissue has to be chosen, as otherwise, the 
difference may not be significant. In 
developing methods for diagnosing a disease, 
for example, the tissue that has to be 
chosen for examination should be the one 
which has suffered the most drastic change. 
In the study of the spike disease of sandal, 
the most significant changes are to be found 
in the leaf.-*’’ 


Degli Atti, C.A., 1920, 14, 2010. 

Hiird, J. Agr. Res., 1924. 27, 725. 

16 l-lurd, J. Agr. Res., 1923, 23, 373. 

17 Ranker, J. Agr. Res., 1930, 41, 613. 

Harris and Lawrence, Am. J. Bot., 1916, 3, 
437. 

16 Gilbert and Harden, J. Aijv. Res., 1927,35, 
185. 

-6 Pettinger, ./. Agr. Res., 1931,43, 95. 

^1 Boning and Boning, Biochem-. Z., 1932,247, 35. 
-2 Gilbert and Smith, So'ilSci., 1929, 27, 459. 

Gilbert, McLeon and Adams, Plant Physiol., 
1927, 2, 139. 

Nelson and Breese, J. Agr. Res., 1930, 41, 

749. 

25 Matz, J. Agr. Res., 1933, 46, 821. 

2 6 Sreenivasaya and Sastri, J. Indian Inst. Sci., 
1929, 12A, 239. 


The scope of our choice of tissue is un- 
fortunately limited by the special anatomical 
structure of plant organs which renders an 
easy differentiation and separation into 
specific tissues extremely difficult and 
tedious, with the result that one invariably 
encounters a mixture of two or more kinds 
of organised tissue fluids, instead of one 
specific fluid. This circumstance leads to 
several complications not only in securing a 
truly representative tissue fluid but also in 
the subsequent interpretation of results and 
renders certain types of investigations 
extremely difficult. Attempts have, how- 
ever, been made through whicli it has been 
possible to obtain a single type of tissue 
fluid in a predominant proportion.-' 

It is, however, possible to differentiate 
broadly the leaf tissue fluid from tlie one 
derived either from stem or root, and sucli a 
distinction is in most cases fortunately 
sufficient. 

Factors influencing the Composition 
OF Sap. 

The expression of sap from tissues in a 
state which represents its true condition in 
the cell is tlio ideal which the biochemist 
has in view. This is a difficult ideal to 
attain for tlie simple reason that the sap of 
the individual cells widely vary botli in 
composition and concentration. 

It is possible that in tlio course of the 
preliminary operation of tissue disintegra- 
tion and mincing preceding the oxpn^ssion 
of sap, alterations in the composition of the 
sap are brouglit about by (a) mutual preci- 
pitation of constituents, (/>) adsorption by 
the insoluble tissues of the plant, (c) conta- 
mination witli the contents of intracellular, 
special or dead colls, and {d) the bio-chemical 
processes accompanying the process of 
extraction. The sap thus obtained theixifore 
represents only a mixture, with an average 
composition of saps derived from the 
numerous cells of varying types. It is 
therefore clear that one can obtain only a 
mixture, perhaps representing an average 
composition of sap derived from the 
numerous cells of a particular type. 
Collecting, Samplincj and Preservation 
OF Tissues for Study. 

The large diurnal variations in the 
composition of the tissue fluids indicate 
that the collection of the samples should be 
carried out at a specified period of the day. 


27 Mason and Maskel, Anri, Bot., 1928,42, 190. 
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The plant from which samples are to be 
collected should enjoy similar ecological 
conditions since variations in shading and 
sunshine affect the composition of the sap. 
When the object of the investigation is to 
compare the compositions of the tissue 
fluids derived from the healthy and spiked 
sandal leaves or those from attacked and 
free lac hosts, the samples should be 
obtained from plants having similar condi- 
tions of environment. In spite of all the 
care bestowed in the selection of samples, 
individual differences due to unknown 
factors, still persist from plant to plant. 
In such cases, random sampling’* from a 
large number of apparently similar indivi- 
duals is the best course to be adopted. 
Wherever permissible such studies should 
be extended over a protracted period and 
the results subjected to statistical analysis. 
It is also necessary to carry out a prelimi- 
nary study of the limits of variation of the 
factor for which the study is undertaken 
for given area, by analysing a large number 
of samples taken at random. The effects of 
a treatment imposed or a variation under 
study, will become significant if the limits 
of variation after the treatment are distinct- 
ly large. 

Among other factors which affect the 
composition of the tissue fluid and which 
should accordingly be taken into considera- 
tion while collecting samples may be men- 
tioned the height or insertion of the tissue 
from the ground, degree of suberisation in 
the case of stems, and freedom of tissue 
from adhering foreign matter which should 
be removed by careful brushing and wash- 
ing with water. If the laboratory is situ- 
ated at a distance from the seat of sampling, 
the tissues must be transported quickly in 
an ice-chest so as to minimise changes. 

Methods of Extraction — a 
Comparative Study. 

A review of the methods can be obtained 
elsewhere. Generally speaking, the 
methods in vogue are (a) pressure extraction 
after rendering cell walls permeable to the 
sap by a suitable preliminary treatment, 
and (&) centrifugal methods. The first 
method is the one largely employed, the 
preliminary treatment consisting in expo- 
sure of the tissue to toluene or chloroform 
vapour or to intense cold by surrounding 

28 Meyer, Plant PhysioL, 1929, 4 , 103. 

28 Sayre and Morris, Plant PhysioL, 1931, 6 , 139. 


the tissue in liquid air, solid CO. and various 
cryoscopic mixtures like solid Oil. ami 
acetone. 

A pressure method due to DixoiU'* ami 
later used by Chibnall and Groover'^^ con- 
sists in enclosing the tissue in a cylindco' 
with the cut ends exposed. Compresses L 
air is admitted into the cylinder, and wluui 
the pressure reaches 20-22 atm. to 
square inch, the juice flows out at tJu'. 
ends. Preliminary treatment of tlu^. tissm^- 
with plasmolysing materials is found to 
necessary. 

Methods such as the flushing out of tJu*. 
sap under reduced pressure by im^uns of 
water, have also been used. This nud.hod 
offers great possibilities but has 
comparatively very little att(mti()n. 

Comparative studies of the various fi*<u^zing: 
agents have been made. According t:o i\n^ 
work of Meyer'^“ there is little or no <liff(u*- 
ence in osmotic pressure between tli<^ s:Mni)l(\s 
of fluids expressed after freezing t'lu^ tissu<‘ 
by liquid air, solid CO. and in salt mixlurc*-. 
Comparative studies by us be.twoeii liiiuid a.ir 
and toluene treatments with sevora.l types of 
plant material, revealed no signifi(cin(. dilT(‘r- 
ences. Whatever be the trcatimuil-, hai.f 
tissues offer little difficulty; wil.h stenu 
however, a preliminary mincing of 
tissue was found esseiitiaP''' to S(‘.eur(‘. (*.on(‘or~ 
dant results with respect to comamlratioti 
and yield of tissue fluid. Sayri^ am! 
Morris^^’^^ have studied the effect of siz(‘ of 
samples on the yield of the tissii(‘. fluid a, ml 
found that larger percentages of sa,p wcua*-. 
removed from the smaller samplers, umhu' 
uniform pressures and times of dra-ining. 
From these considerations it is l.ha.f. 

the following factors have to be stand ardisc^d: 
(a) Extent of tissue disiutcgralloii pa.rti- 
cularly with the stern tissue, (h) ((iiantil.y of 
sample, (c) pressure of extraction, aaui (^0 
time of extraction. The method whic.h ha,s 
been in use in our laboratory ami has gi vcui 
satisfactory results has been deKseribial by us 
elsewhere."*^ We have replaced luiuid air by 


30 Dixon, Sci. Proc, Roy, Dub. Sor,, 
263. 


1021 , 17 , 


31 Chibnall and 
491 . 


Groover, Ann. Dot., 


1020 , 40 , 


32 Meyer, Am. J. Bot., 1928, 15 , 440. 

999^ T/imtS for the M.Sc. of the Bomba}/ 

34 Sayre and Morris, Plant Physiol, 1931 , 6, 139. 

35 Sayre and Morris, Ibid., 1932,7, 201.' 
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toluene treatment ; the minced material is 
placed in a well-stoppered bottle, toluene 
added, and the bottle immersed in a freezing 
mixture of ice and salt for 10-12 hours. 
This modification has been found to yield 


comparable and concordant results.'^' The 
fluid obtained at 1 ton pressure to the sq. 
inch is centrifuged at 3000 E.P.M. for 15 
mins, to free it from all debris and the clear 
centrifugate used for subsequent analysis. 


Artificial Culture of the Male Gametophyte of Ephedra foliata Boiss and 
Ephedra Gerardiana Wall, and a Study of the Number and Morphology 

of their Chromosomes. 

By Pran ISTath Mehra, m.Sc. 

{Department of Botany^ Punjab Uoiiversity, Lahore.) 


J^PHEDRA FOLIATA Boiss (E. pedicn^ 
Gularis Boiss) is a native of the Punjab 
plain. Plants of jE). Gerardiana W'A[\. (E. vul- 
garis Hook, f.) were raised in the Govern- 
ment College Botanic Garden, Lahore, from 
seeds brought by Prof. Kashyap from 
Zanskar (about 12,000 ft. above the sea) and 
sown in October 1928. The plants produced 
flowers for the first time in 1933. In its 
natural habitat at high altitudes the flowers 
of E. Gerardiana appear during June and 
July and the seeds are set in the later half 
of August. These ripen by the end of 
September before the onset of the severe 
winter which brings the period of vegetative 
activity to a close and the plants enter the 
dormant phase of life to resume their activity 
during the next summer. The conditions are 
different in the Punjab plain. The period of 
vegetative activity is during the spring 
months of March and April. The plants of 
i/. bear flowers during this period 

— from the middle of March to the middle of 
April — this period coinciding with the flower- 
ing period of the native E. foliata. After 
this the seeds are set which ripen about the 
middle of May. The plants then enter the 
resting period because of the strong heat of 
the plains. 

The spindle-shaped pollen grain at matur- 
ity possesses a sculptured exine with ridges 
running longitudinally from pole to pole. 
Bemains of two evanescent vegetative cells 
on one side, a stalk nucleus embedded in 
the peripheral part of the cytoplasm of the 
naked body cell in the centre and a rather 
large tube nucleus at the other end completes 
the structure of the pollen grain at the 
time when it is shed. 

The pollen grains were germinated on the 
mucilaginous secretion that oozes out of 


the ripe ovules, placed on glass slides kept 
in a moist chamber. It is possible to ger- 
minate the pollen grain of one species on 
the mucilage secretion of the other. The 
secretion absorbs water from the surround- 
ing atmosphere of the glass chamber and 
gets diluted. The grains gradually absorb 
the nutritive medium, swell in size, and at 
the same time prophasic changes start in 
the body nucleus. On the pollen grain 
becoming highly turgid tlie exine ruptures by 
two splits starting on opposite sides from the 
tube nucleus and of the grain and extending 
to about the middle of its length. This 
throws out the grain bounded by the intino 
with a jerk from the inside of the outer coat 
which immediately undergoes torsion. Thus 
liberated the grain increases to about double 
its former length. By this time the body 
nucleus is in the mid-propliaso or early 
motaphase stage. All the further changes 
take place outside the exine in the medium. 
The total time for the complete division of 
the body nucleus and the organisation of 
the two male nuclei on the opposite poles is 
about five hours from the time the pollen 
grains are put into the secretion. 

The pollen tubes are given out after about 
six to eight hours. From one to as many as 
four or more tubes may bo given out from 
different sides of a grain, sometimes in a 
most irregular manner. More commonly 
only a single tube is given out usually 
laterally from just near the tube nucleus 
end of the grain but it may grow out from 
the mid-lateral position, or as a direct 
continuation of its tube nucleus end. When 
a number of tubes are given out, only one 
develops further, and the others remain 

37 Narasimhacharya and Sastri, J. Indian Inst, 
ScL, 1931, 14A, 2. 
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small and empty except for a thin lining of 
cytoplasm along the wall. Tubes growing in 
the medium for' a period of 48 hours become 
quite elongated (attaining a length of 600- 
700^) hyaline, and vacuolated and if kept 
for a longer period show signs of the 
degeneration of the male nuclei. The 
latter by the time they enter the pollen 
tubes from pollen grains have already 
increased considerably in size and the 
further growth takes place in the tubes. 

The germination of pollen grains has also 
been tried on different strengths of sachha- 
rose solution in water. There is practically 
no germination in 10% and 20% solutions. 
The germination in 40% solution is better 
than in 30% and the former strength is 
perhaps the best for securing germination, 
but by far the best results are obtained 
in the natural mucilage secretion described 
above. 

A new method has been evolved for 
making cytological investigations of the 
number and morphology of the chromosome 
of the species by making smear preparations 
of the germinating pollen grains at the time 
when the body nucleus is undergoing 
division. 

The pollen grains are germinated on 
glass slides in suitable media — mucilage 
secretion from the ripe ovules being utilised 
in the present case. After the exine is 
ruptured the body nucleus in the grain is 
to be found at the different stages of mitotic 
division from mid-prophase onwards, the 
early prophasic changes having occurred 
before the rupture of the exine. The grains 
are now fixed by putting two or three drops 
of the desired fixative on the slide. Out of 
a number of fixatives tried Bonin’s fixative 
with Allen’s modification P.F.B^^g gave 
decidedly the best results, the second best 
being Flemming’s for Gasteria and smear 
method (W.E.T.) and Flemming’s weak 
solution with only a few drops of osmic acid 
(not so much as is described in the original 
formula) which are excellent for prophasic 
stages. The fixative is allowed to act for 
two to four hours but a prolonged action 
of the fixative upto twelve hours does no 
harm. The fixative on the slide should not 
be allowed to evaporate and the slide is 
therefore kept in a moist chamber. The 
most delicate part of the process now is the 
handling of these microscopic objects. 

A clean slide is smeared with Meyer’s 
albumen as in ordinary paraffin technique 


and the drop of the fixative with the grains 
suspended is poured on to it. This is now 
spread uniformly over the slide* by gcnitly 
tilting the slide in various d iicctions. If tin* 
fluid is not enougli a drop or two of watm* 
may be added. This is done to (*nsun‘ (.in* 
uniform distribution of the grahis ovvr th{‘ 
slide. A long cover-slip is n(*.x(. plavod 
upon the slide just as in inaking ba.lsa.iu 
mounts. The liquid is tluui cairidnlly 
sucked out by gently placing a, (>l' 

blotting paper on one side of the*, covin’- si ip. 
Some of the grains may be su(’.k(‘d out by 
the current but mostly tlioy nuuaiu in posi- 
tion. This suction is continued to such a.n 
extent that any further witlidrawa.! of wa.lin* 
introduces air bubbles under ihi*. (*.ov<‘r-sli[>. 
The pressure exerted upon tin*, gra-ins by (,h(‘ 
weight of the cover-slip reinforc.iMl ))y th<^ 
adhesive force of the disappearing wadin* on 
the cover-slip is sufficient to lix tin* tiny 
objects to the albumen coating on tin* glass 
slide. The cover-slip is now rcinoviMl by 
flooding the slide with water {ind graidnally 
and carefully sliding away the. (*ovcr-slip 
preferably under water when tin*, force, of 
buoyancy facilitates the process ai greai ili^a.l. 
Some of the grains are sure to hi*. wa.sluMl 
away during this process but a lai’gi* number 
of these stick to the slide. 

The next process is washing. If Ike (ixa-- 
tion is done in chrorno-acctic mixture tin*, 
slides are washed in ordinary Stimdia* disln^s 
in flowing water at least overnighl.. If 
Bouin’s fixative is used, the proiasss t.akes a. 
longer time but gives excellent nvsults. T\h\ 
slides are first washed in watin* for about- 
five minutes to remove tlie Hupinficia-l (ixa-- 
tive and then passed tliroiigli t-lu^ va-rious 
grades of alcohol to remove a-11 t.ra-ia^s of 
picric acid. In 30%, 40%, 50'^ t.lH*y a.n^ 
kept at least overnight in each. 0flu‘y a,r<^. 
then passed back in the reverse onlin* 
through the successive lower grades kia'ping 
in each for about four hours till tbi^y a-rc. 
brought back into water. The wa.slu’ng is 
farther completed in running water for aI)ont. 
four to six hours. This procesvS must l)(‘. 
strictly followed to ensure the eompleti^ 
removal of the fixative before proper brilli- 
ancy of stain in the preparation c.an ])(‘. 
obtained. 

The slides are now ready for staining in 
the usual way. Two to three hours mor- 
danting in iron-alum and 2-3 hours staining 
m ^ /o Haematoxylin give excellent results. 
The chromosomes and chondriosomes take 
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a jet black stain against the greyish white 
background of the cytoplasm. 

An important point in mounting the 
preparations in balsam is that the balsam 
should be thin, otherwise the grains are 
liable to undergo plasmolysis. 

This process described above possesses 
several distinct advantages over those 
usually in vogue for the study of the 
chromosomes in plants. The tediousness of 
cutting microtome sections is avoided. As 
in the Pollen Mother Cell Smear Method ” 
the greatest advantage that is secured is the 
immediate fixation of the living material by 
the direct contact of the fixative used — a 
feature which is most essential in delicate 
cytological works where it is highly desirable 
to get accurate results with least possible 
distortion of the original features present in 
the living condition. A number of fixatives 
can thus be tried within a relatively short 
period for testing their efficiency. A distinct 
advantage over the Pollen Mother Cell 
Smear Method” is that on account of the 
reduced number of chromosomes in the 
gametophyte, the number of chromosomes 
and the form of the individual chromosome 
are ascertained with greater ease and accuracy, 
since the congestion due to the double num- 
ber of chromosome is avoided and this is 
particularly advantageous in cases where the 
chromosome number is large. Another 
advantage is that with a little skill different 
stages in the mitotic division of the body 
nucleus from the prophase onwards to the 
formation of distinct male nuclei (and even 
the later stages when these increase in sizes) 
can be secured on the same slide. This is 
most essential in following the alteration in 
the chemical nature of the chromosomes*as 
they pass through the various phases, so far 
as these are exhibited by their reaction to 
tlie stains, since in the same slide, tlie period 
of mordanting, staining and destaining 
remains constant for the chromosomes at 
the different phases of nuclear division. 

So far as the writer is aware, no such 
method of working out the number and 
morphology of the chromosomes in plants 
from a study of their male gametophytes 
grown under artificial cultural conditions, 
has been described previously by any other 
author. 

The technique above described for handl- 
ing microscopic objects can be utilised with 
great advantage for making detailed cyto- 
logic investigations of such minute objects 


as Desmids, Protococcus, etc., which are 
otherwise difficult to handle. The previous 
method of making cytologic studies by 
microtomic sections of such minute or- 
ganisms involves a great wastage of the 
material during the passage through various 
grades and is not capable of easy handling. 
This method can be utilised witli greater 
ease and without unnecessary wastage of 
the material. 

It can be stated definitely from the 
author’s observations that the haploid 
number of chromosomes in E. follata is 
seven. Three of tliese possess median fibre 
attachment constriction and are V-shaped. 
One of these three probably possesses a 
secondary constriction in one of the arms. 
The other two possess submedian fibre 
attachment constriction and the length of 
the longer arm is about li- times that of the 
shorter. They are further distinguished 
from one another by the larger size of one 
of these as compared to the other. The 
remaining two chromosomes have sub- 
terminal hbre attachment constriction. One 
of these again is smaller than the other 
and possesses a satellite at the end of the 
longer arm. 

Similarly, the writer is in a position to 
state definitely that the haploid number 
of chromosomes for E. Gerardiana is un- 
doubtedly 14 — tlius showing diploidy over E. 
foUata which possesses tlie basic number 7. 
The diploidy, however, is limited only to 
the number of chromosomes and not with 
respect to the type of chromosomes or in 
other words the chromosome compliment 
of E. Gerardkma does not show an exact 
duplication of the type of chromosomes 
met with in E, foliaia. In E, Gerardiana 
4 chromosomes possess median fibre attach- 
ment constriction and one at least of these 
possesses a trabant or satolUte at the 
end of one arm and a secondary constriction 
at the end of the other. Bix possess 
sub-median fibre attachment constriction, 
three possess attachment constriction which 
might be regarded as intermediate in posi- 
tion between sub-median and sub-terminal 
and one possesses sub- terminal fibre attach- 
ment constriction. 

That the constant position of the fibre 
attachment constriction in chromosomes is 
a feature of great importance in the identi- 
fication of different chromosomes in a 
complement is clearly realised in the present 
study. The attachment constriction becomes 
apparent in each chromosome as early 
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as tile mid-propliase and most clearly in tlie 
late prophase while the wail of the nucleus 
is still intact and long before the appear- 
ance of any spindle fibres. 

^ An important difference from the observa- 
tions of other investigators is that the form 
of the chromosomes does not remain 
Constant during the different phases of 
hiitosis and therefore cannot be relied upon 
in the identification of the chromosomes. 

Chondriosomes are found irregularly scat- 
tered or regularly arranged in the cytoplasm 
of the body cell in preparations fixed in 
chrome-acetic acid mixtures. Each is found 
to possess what looks like a vacuole in the 
centre and these chondriosomes stain jet 
black with iron-alum hgematoxviin. In 
preparations fixed in Bonin’s fiW, the 
chondriosomes are either completely absent 
or present a faded appearance. It seems 
they are in some way chemically altered bv 
tne action of the fixative. In living speci- 
mens the chondriosomes appear as refractile 
granules in the cytoplasm of the body cell. 

sense of gratitude to 
■ur. b. E. Kashyap under whose guidance this 
work was carried on for very kindly allowing 
ine to use the material from" the Government 
College Botanic Garden and for critical and 
otner valuable suggestions made during the 
course of the present investigation. 



The photographs are of the gemiriaiing n<»lh*ii 
grams of Bphedrafohata Boiss, sliowing hotly 
nucleus at various stages of mitotic division. ^ 

Figs. 1, 2 & 3.— Body nucleus at metaphasc * in 


Fig. 4. Late anaphase. 


t) -remains of the vegetative 
nucleus, f— tube nucleus. 


Cells, ‘stalk 
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The Control of Insect 

Dr. S. M. 

(Department of Zoology^ 

pEUIT-GEOWING is indeed one of the 
oldest occupations of the people of 
India, which will not appear at all strange 
if one keeps in mind the immense number 
of delicious fruits that thrive on the Indian 
soil even in a state of nature, that most 
fruit trees are perennial and once grown 
yield annual products for a large number of 
years, and finally the comparative ease with 
which they can be grown from seed, cutting 
and graft. But it does appear strange 
that with all these facilities India at present 
imports a large amount of fruit from other 
countries, whereas normally it should be 
able to export a variety of fruits to the 
different markets of the world. 

The Indian fruit-grower works under a 
large number of handicaps not the least of 
which is the general mental apathy towards 
modern methods of fruit-growing. Recently, 
however, the fruit-growers of U.P. have 
given a lead in the matter by meeting 
together and considering the ways and 
means by which the fruit-growing industry 
could be improved by the application of 
modern methods. Now one very important 
factor that controls the productivity of an 
orchard is its insect pests. - It is not unusual 
in certain years to find the whole crop 
of an orchard utterly destroyed by a certain 
pest ; but it is usual for the average Indian 
fruit-grower to accept this as an inevitable 
calamity incapable of being averted by 
human agencies. They have not yet realised 
that the pests are more or less their own 
making and as such can only be controlled 
by measures adopted by themselves, a fact 
which has been amply demonstrated in the 
western countries. 

Plants and insects exist in nature in a 
state of perfect balance and their specific 
numbers are more or less the .same from 
year to year. No serious insect pests, as a 
matter of fact, exist for any one species of 
plant in its natural habitat. Nature’s 
control of pests is three-fold. The weather 
may be favourable or unfavourable, insecti- 
vorous birds may be exceptionally partial 
to some, while entomophagous (insect- 
eating) insects play a not inconsiderate part 
in keeping the pests under control. All this 
constitutes what is familiarly known as the 
balance of nature \\ But, cultivated 
3 


Pests of Indian Fruits. 

Das, D.sc. 

University of Luclcnotv,) 

plants do not live in any such equilibrium. 
The mere fact of cultivation of tlie. soil 
at once alters the wliole state of things, for. 
it modifies not only the number . and kinds 
of plants but also the physical condition of 
the soil, its temperature and water and air 
content. In nature we do not find a great 
aggregation of the same species of plant 
such as man establishes in tlie form of 
orchards containing only oranges, apples or 
plums, with the necessary aggregation of 
insects that feed on them. The depreda- 
tions of these insects can only be controlled 
by destroying them in one way or another. 
It is not essential that an insect should be 
attacked in its harmful stages ; on the other 
hand, it is often much easier to destroy a 
pest in its harmless stages than in the harm- 
ful ones. Much depends, therefore, on the 
proper working out of the life-history of the 
pest concerned. 

There are various kinds of insect pests 
that attack orchard-crops. From amongst 
the forms that have no wings . in any stage 
of their life-histoiy tlu^, spring-tails are 
known to do some damage^, to fruit trees ; 
while all the other posts have wings insomO 
stage or other. Amongst the hitter arc the 
notorious white-ants, tlirips, apliids and 
scale insecks, bugs, ca.terpillars, weevils, 
saw-fiies and fruit-llies. They attack not 
only the roots, stcun and lcav(‘,s of n tree 
but extend tlieir ravages to seedling, shoot, 
flower and fruit. ; But it is possible to 
control this weird horde of parasites be- 
cause each species of fruit-plant is attacked 
fatally by only a few definite, species of 
insects; and one can usually avf)id serious 
damage to a certain oi'chard-crop by con- 
trolling a few speci(‘s that may have other- 
wise done any (‘.onsiderable harm to tln^ 
crop. For example, tlierc are only two 
serious pests of tlio pomegranate (both, 
butterfly larvae) ; and two beetles, a cater- 
pillar and tlie wooly aphis is all that tlie 
apple crop can succumb to. It should be 
borne in mind, however, that very often the 
number of species attacking a crop is 
inversely proportional to the actual aggre- 
gate of the individuals comprising the species, 
an idea of which may be obtained by observ- 
ing migrating aphids. . 

. Methods for controlling the pests may be 
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either direct or indireet. In the direct 
control measures the aim is actually to kill 
the insect by the application of some toxic 
substance or by mechanical means whereas 
indirect measures affect the conditions in 
which the insects may thrive. Of the 
various direct control measures adopted 
sprays and washes are indeed the most 
important. Now it is known that certain 
insects {e.g., caterpillars) obtain food by 
biting off and chewing bits of plant tissue 
while others {e,g., aphids) suck off plant 
juices by piercing into the tissues. It is 
apparent that different measures should be 
adopted for these two classes. Chewing 
insects are easily destroyed by the spraying 
of stornacli poisons on the fruit tree or 
plant attacked which prove fatal to the 
insects when eaten along with their food ; 
whereas contact poisons are used for sucking 
insects which are applied directly on their 
bodies. The problem is to lind substances 
that will neither scorch the plant nor be too 
weak for the insects. For example, copper 
sulphate solution used on leaves may kill 
the plant, and therefore lead arsenate solu- 
tion is used instead Again raw oil usually 
scorches the plant whereas oil emulsion can 
be safely used. 

In the west, lead arsenate solution is used 
as stomach poison ; but as it is dangerous 
for man and cattle if not handled properly 
lead chromate should be used in Indian 
orchards. A solution of 1 lb. in 32 gallons or 
li- oz. in 1 kerosene tin of water will be quite 
efficacious ; but in case of bad attacks the 
strength of the solution may be doubled, 
A hand sprayer (in the case of small trees) 
or a wheel sprayer should be employed and 
a line spray spread over buds, etc., evenly 
until every leaf becomes yellow. If the 
leaves do not wet easily a little rosm com-, 
pound solution should be added to the mix- 
ture. This if applied properly will success- 
fully keep in check all kinds of caterpillars 
and weevils that do so much damage to 
foliage, flower and fruit. As contact poison 
eithi^Y rosin compound, crude oil emulsion ov 
vermisapon may be used. Basin compound 
is easily prepared by powdering 2 lbs. of 
rosin, boiling 1 gallon of water with 1 lb. of 
washing soda, then adding the rosin and 
boiling again. Water should be added 
from time to time during the last process 
to make the solution up to three gallons. 
For use 4 pints of this should be made up to 
4 gallons with water. Crud^ oil emulsion 
consists of 20% of soft (fish-oil) soap with 


SO/o of crude mineral oil; for use pint 
of emulsion should be stirred in one kero- 
sene tin of water. Vermisapon can be used 
in place of crude oil emulsion. In practice 
these should be sprayed with some force 
into the buds, fruits and branches so that 
they may come in close contact with the 
insects. AIL sucking insects, except the 
mealy bugs and scale insects, are destroyed 
by this method. For the latter a solution 
of nicotin or nicotin sulphate with soft soap 
is very effective. 6-12 fluid ounces of nico- 
tin and 2-3 lbs. of soft soap in 100 gallons of 
water should be used. Spraying of fruit 
trees (such as apple) to check fruit-boring 
insects should be done after the petals have 
fallen when the young fruit is just set; it 
should not be done whilst the trees are in 
full bloom. Washes, though not so impor- 
tant as sprays, may be beneficially used 
when the plants are dormant. Caustic soda 
wash, lime wash and tar distillate —all serve 
to kill moss, lichen and eggs of aphids and 
apple-suckers. 

In addition to sprays and washes a few 
other accessory measures may help in com- 
pletely controlling the pest. Iland-piclcing 
is very useful when the insect is just 
appearing. Egg-nests, insect-nests and at- 
tacked fruits and leaves should be removed 
and either burnt or buried deep under the 
earth. This is effective against apple-sawfly 
in fruits, pear-leaf-blister mite in leaves and 
apple-blossom weevil in the closed capped 
blossoms. Running of poultry in orchards 
effects the destruction of most pests that 
pass a part of their life-cycle in the soil. 
Banding of trees for pest that crawl up and 
down the trunk is another effective measure 
against some caterpillars and beetles. A 
band of sticky material or bands of hay and 
sacking should be placed half-way up tlie 
trunk which detain insects and may be 
burnt later. Finally, root- pests like the 
wooly-aphis of the apple can only be success- 
fully destroyed by soil- fumigants like carbon 
di-sulphide. But this should be done under 
expert supervision as otherwise the reagent 
may injure the plant itself. 

Indirect measures of control will often 
enable the fruit-grower to considerably 
reduce the severity of the insect attacks. 
For example, some insects have their winter 
quarters in rubbish, moss and lichen, and 
if these be removed, however favourable 
the summer conditions may be, the pests 
cannot thrive. It is much better, therefore, 
to completely destroy badly infested trees 
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rather than clean them. Another method 
of minimising the harm done by insects is 
to make the trees more resistant todnsect- 
attacks. This immunity can be obtained 
by starting from immune breeds, to deter- 
mine which the difference in susceptibility 
already shown by the marketed fruits may 
be taken into advantage. But standing 
crops will gain much in the matter of 
immunity if proper food supply is given and 
a general clearing up of the orchard main- 
tained. 

A very interesting control of insect-pests, 
little of which is known and still less used 
in India, is their biological control. This 
method of control has been tried on a large 
scale in the West and has been found 
signally successful. Biological control takes 
advantage of the fact that certain insects 
prey upon other insects in one stage or 
another of their life- history and has suc- 
ceeded in so breeding, introducing and 
naturalising one or more species of parasites 
of an insect-pest in the region where the 
latter thrives that the parasitic species 
have completely subjugated the pest in that 
region. Special breeding stations are formed 
from where miilions of parasites are distri- 


buted to the . various fruit-growers who 
release them, in their orcliards. hTeedless 
to say that specialists must first be employed 
to discover the parasites which attack a 
definite species of pest. All this is done 
in the West by forming an association of 
fruit-growers and maintaining an efficient 
staff of specialists at tlieir own. cost. A 
similar move in India will not be less pay- 
ing than it has been in countries where 
this has been tried and not found w^anting. 
It may be pointed out here tliat in the 
artificial control of insect-pests one should 
be careful not to destroy friend and foe 
together, for then the epidemics may bo 
more virulent than wlien the things were 
left to nature. 

It is expected that Indian fruit-growers will 
take full advantage of metliods that have 
been tried over and over again for the sup- 
pression of insect-pests of orchard crops and 
which, with its little necessary expenditure, 
will increase the annual output of an orchard 
by 25%. When all is said one may remind 
tiie fruit-grower that as with the human 
body so with the best cultivated orchard, 
a hloctor’ is always renuired to keep it in a 
condition of maximum efficiency. 


Letters to 

A Note on the Embryo Sac of Sagltlaria 
sagitti folia L. 

In a recent paper Prof. K. V. O. Dahlgren' 
has described the development of the 
female gametophyte in Sagittaria sagiUifolia 
and finds it to have a six-nucleate embryo 
sac arising in tlie same way as described for 
some other Alismacece in his earlier papers 
My material collected from Lucknow in 
February 1934 shows some variations in the 
number of nuclei in the mature embryo sac. 

Upto the four-nucleate stage the embryo 
sac develops in the same way as described 
by Prof. Dahlgren. Usually the two chala- 
zal nuclei do not . divide further and the 
mature embryo sac is six-nucleate, but 


^ Daldgren, K. V. O., “ Die embryosackentwick- 
lung von Echino dor us macrophyllusxind. Sagittaria 
sagiiiifoUad' Planta, Archiv filr wissen., Botanik, 
1934, 21, 602-612. 

2 Dahlgren, K. V. O., ‘‘ Die embryo logie einiger 
Alismatazeend' Svensk Bot. Tidshr., 1928, 22, 
1-17. 


the Editor. 

sometimes, one or botli of them may 
divide producing a seven and eight-nucleate 
embryo sac respectively. vSornetimes, tlio 
lowest clialazal nucleus of tlie tet^ra-nucleatc 
stage may undergo fragmentation and tlms 
increase tlie number of the antipodal nuclei. 
The results obtained by me in Saglllrla 
sagitti folia agree with my previous observa- 
tions on S. guayanensls.^ 

In his work on S. latifoUa vSehaffner^ 
mentioned the presence of three antipodal 
cells, Cook"‘ on tlie other liand says that 
there are tliree Q.pliemeral antipodals* in 
S. lancifoUa. Dahlgren^ criticises both of 
them and definitely states that tliere are no 
antipodal cells in Sagittaria. 

Jobri, B. M., A note on the life Instorv of 
Sagittaria guayarwusis, 11. B. K.” Current Science, 
1934,2,428-29. 

^ Schaffner, J. H., “ Contribution to the life 
history of Sagittaria latifoliad' Bot. Cktz., 1897,23, 
252-273. 

^ Cook, M. T. The Embryology Sagittaria 
lancifoUa L. ” Ohio Nat, 1907, 7, 97-101. 
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I agree with Dahlgren that the six- 
nucleate condition of the embryo sac is 
typical for the family, but in all the three 
plants I have investigated — Limnophyion 
ohtusifolium (Johri Sagittaria guayanensis 
(Johri^), and S, sagitti folia — I find* that in 
some cases antipodal nuclei are really 
present and occasionally they may also 
organise into cells. All evidence points to 
the fact that Schaffner and Cook misstated 


the case in regarding the exceptional as the 
usual condition. At the same time it must 
be pointed out that a careful re-examination 
of slides may reveal the presence of more 
than six nuclei in some of the embryo 
sacs of the genera investigated by Prof. 
Dahlgren. 

The following scheme summarises the 
work done so far on the development of the 
embryo sac in the genus Sagittaria : — 


S. laUfolia 
(Schaffner 1897) 




The earlier stages were not 
seen. 


S. lancifolia 
(Cook 1907) 


0 




A^ntipodals reported to be 
ephemeral. Earlier stages not 
seen. 


5. (juayanensis 
(Johri 1934) 



After the 4-nucleate stage, 
the two chalazal nuclei re- 
main undivided, occasionally 
one or both of them may 
divide once. The mature 
embryo sacs may be C-, 7- 
or 8-nucleate. 


6'. sagittifolia 
(Dahlgren 1934) 




5 




I find 7- and 8-nucleate 
embryo sacs also, as in 
S, guayanensis. 


Chart showing the development of the Embryo Sac in species of Sagittaria, 

1. Megaspore mother cell. 2. Heterotypic division. 3. Dyad. 4. Enlargement of the 
lower dyad cell. 5-11. Development of the female gametophyte. 

I am greatly indebted to Dr. P. Mahesh- 
wari, under whose guidance the work was 
carried out. 

B. M. Johri. 


^ Johri, B. M., The life history of Lymnopliyion 
ohtusifolium Miq.” Current Science, 1933, 2 , 99" 
100 . 


Department of Botany, 
Agra College, 

May 26, 1934, 
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The Mechanism of Geometrical Inversion 
in regard to Coumarins and 
Coumaric Acids. 

The facility with which geometrical inver- 
sion takes place in the acids derived from 
the coumarins, just as the behaviour of the 
coumarins in most of their reactions, is con- 
trolled by the presence of a Katio-enoid 
system^' “ producing kationoid reactivity at 
the carbon atom in position 4. Substituents 
such as alkyl, hydroxyl and alkoxyl groups 
which act as electron sources tend to reduce 
the reactivity of the compound especially 
when they are present in the above-mention- 
ed position. ^ Again the difference in 
properties between coumarin 4- (II) and 
coumarin 3-acetic acids (III) becomes easily 
intelligible from the above point of view. 
The possibility of the formation of a lactone 
IV’ may also partly account for the greater 
stability of III when heated. 



- . r. 
x/x/ 


+ 


I IV 

Cis io trans inversion . — The change from 
coumarin to coumaric acid takes place in 
an alkaline medium only and as an essential 
preliminary some additive reagent like 
I^^^aOH, NaOOILj or ]SfaHS 03 has to add on 
to the double bond, temporarily at least, 
and thereby facilitate rotation. Several 
of these addition products have been 
isolated. The process can be represent- 
ed as below : — 



1 Seshadri, J.C.S., 1028, p. 117. 

2 Hobitison, Institute of Chemistry of Great 
Britain and Ireland, Lecture, 1032, p. 25. 

3 Seshadri, Ihid. 

^ Heilborn, et. al., J.C.S., 1927, p. 2005; 103*1, 
p. 1701. 

^ Linstead, J.C.S.f 1932, p. 115. 

® Buhmann, Annalen, 1912, 388 , 259. 

’’ Bodge, J, Am. Chem. Soc., 1916, p,,446. 

® Seshadri, Ibid,. 
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Coumarin — > 


COo 


' 2 Ha’ 


/X/ 


CH CH 

I ! 

X Y 
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— ^ 




J 


CH = CH 

L. 


There are, therefore, two factors which 
control this transformation, viz., (i) addition 
at the double bond which renders rotation 
of the groups into the required position 
possible, and (ii) repulsion between the nega- 
tively charged O and 00^ groups which 
forms the driving force for the change. The 
efidcienoy of the different reagents and the 
influence of the different substituents are 
clearly understood when their effects on the 
above two factors are analysed. In regard 
to the findings of Sen and Ohakravarty'* on 
the use of mercury compounds in producing 
inversion it should further be remembered 
that substituents like nitro, chloro and 
bromo groups inhibit nuclear reactivity of 
the benzene ring thus preventing raercura- 
tion whereas alkyl, hydroxyl and alkoxyl 
groups have the opposite effect giving rise 
to mercurated products. 

Trans to eis inversion . — Stoermer and liis 
co-w'orkers observed^*^ that many coumaric 
acids and their esters underwent geometrical 
inversion under the influence of ultra-violet 
light. Ordinary sunlight has now been found 
to be equally effective. Very high yields of 
the coumarins are obtained and in several 
cases the cliange is complete within 12 hours. 
Light supplies the requisite energy for con- 
verting the trans form into the cis having a 
higher energy content. As for removing 
the effect of the double bond whereby the 
rotation of the groups is rendered possible, 
addition of an addendum seems to be 
neither possible nor necessary under the 
circumstances. The following mechanism 


^ Sen and Chakravarty, J. Ind. Chem. Soc,, 1930, 
p. 24.7. 

Stoermer, et. ah, Ber.. 1908, 41 , 335 ; 1909, 42 ,' 
4865 ; 1911, 44 , 640 ; 1912, 45 , 310. 
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is suggested, the polarisation of the system 
being facilitated by light: — 



\/\ciI = OH 



X/XCH-CIT 


C-0 


The course of the transformation under 
the influence of heat at the melting points 
of the substances, seems to belong to a 
slightly different type. In the case of the 
esters alcohol is first eliminated and the 
subsequent inversion may be represented as 
below : — 

/\/o 


OR 

VII 


: The stage VIII may be formed only 
momentarily and once the m-phase is pro- 
duced it is stabilised as coumarin by the 
ready elimination of alcohol or water. A 
nitro group in the benzene ring further 
weakens the double bond by the positive 
field it creates aud hence greatly facilitates 
the transformation whereas a methoxyl 
group does the opposite. 

In the presence of fuming hydrochloric, 
hydrobromic and concentrated sulphuric 
acids, particularly at 100° 0. the imns acids 
and their esters undergo easy conversion 
into the coumarins. The removal of alcohol 
or water seems to be the first stage in the 
reaction. The dipole that is formed supplies 
the necessary energy for the inversion and 
the rotation of the groups is facilitated by 
the temporary addition of the acids at the 
double bond. 


OR 


VIII 


> 


Oil OR 
I 

0=0 


\/"\cH =CH 



X/XCH = CH 


X 


I 

0=0 

1 

OR 


> 





H 


\X\CH-0H 


(HX^acid). 


0=0 

+ 

XI 


> Coumarin 


X 


-> Coumarin. 


\/\cH = OH 

C-0 

+ 


Here the combined effect of the carbonyl 
group and the positive charge on the carbon 
atom brought about by the removal of OR 
eliminates the effect of the double bond. 
Such a process does not obviously take place 
in the case of the acids partly due to the 
greater difficulty of the removal of water 
and partly due to the facility with whicli 
the elimination of carbon dioxide takes 
place producing styrenes. Experimental 
details will be published elsewhere. 

T. E. Seshadei. 

Chemical Department, 

Andhra University, Waltair, 

May 28, 1934. 


On a New Method of Synthesis of Bicyclic 
Terpenes : Synthesis of Ethyl cyclohexanone 
2 : 6-dicarboxylate. 

The synthesis of this ester has been attempt- 
ed in this laboratory by several methods, 
one of which, viz., the action of sodium 
ethoxide upon trimethylene dimalonic ester 
has now yielded the desired pjroduct b.p. 
140-42°/l-l-5 mm. The formation of the 
desired cyclohexane ring by this method has 
been definitely established by hydrolysis 
and decarboxylation of the ester into cyclo- 
hexanone. 

Recourse has also been taken to another 
method for the preparation of the desired 
di- ester from cyclohexanone-2 : 2 : 6 : 6- 
tetracarboxylic ester, b.p. 175°/2-3 mm. 
(pure product 30% yield) obtained by the 
action of carbonyl bromide upon the di- 
sodium derivative of trimethylene dimalonic 
ester. The tetra ester on being hydrolysed 
with alcoholic potash gives the corresponding 
tetra acid m.p. 246°, and is converted into 
cyclohexanone on being boiled with 50 per 
cent, sulphuric acid during 16 hours. The 
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conversion of this tetra ester into the required 
diacid is being tried under regulated condi- 
tions of hydrolysis and decarboxylation. 
This reaction being of very general appli- 
cability has been extended for the prepara- 
tion of c^<?Zopentanone and cyclohutMone 
tetracarboxylic esters by condensing ethylene 
and methylene dimalonic esters, respectively, 
with carbonyl bromide. The cyclopentsbuone 
tetra ester on drastic hydrolysis accompanied 
by decai'boxylation has given ^^/(^Zopentanone. 
It has been possible to raise the yield of 
ethyl butane tetracarboxylate from 15 to 65 
per cent, by using magnesium amalgam 
instead of sodium.^ 

The eycZohexanone-2 : 6-diearboxylic ester 
and the corresponding cyc^opentanone and 
cycZobutanone diesters with two active 
hydrogen atoms in 1 : 3-positions should, 
it is expected, form convenient starting 
materials for the synthesis of some interest- 
ing bicyclic terpenes. 

P. C. Guha. 

K. K. Seshabrisngar. 
Department of Organic Chemistry, 

Indian Institute o£ Science, 

Bangalore, 

May 31, 1984. 


Catalogue of Scientific Periodicals. 
About a year ago in an Editorial article- it 
was suggested that one of the duties or func- 
tions of an Indian Academy of Science would 
be the establishment of a central library 
in order to facilitate scientific research in this 
country. The wisdom of spending in this 
manner so large a sum as would be required 
is, I think, debatable and in my opinion it 
would serve the purpose better if the money 
were used to increase the facilities available 
in existing libraries throughout the country. 
However that may be, I wish to suggest 
that an excellent and useful piece qf work 
in connection with Indian libraries could be 
done by any central scientific body, such as 
an All-India Academy of Science, in prepar- 
ing a catalogue of all the periodical scientific 
literature available in the principal public 
and quasi-public libraries in India. 

At present it is often very difficult to 
ascertain in what library (even in a given 
city) a wanted reference may be found or 
whether it is available in India at all. The 
only catalogue of which I am aware dealing 


with periodicals in more than one Indian 
library is Kemp’s Catalogue of the Scientific 
Periodicals in Calcutta Libraries ” published 
in 1918. This is already out of date and 
iiicomplefce though still useful. There may 
be others of which I am unaware. Other 
countries possess catalogues of the scope 
suggested. For instance, the World List 
of Scientific Periodicals’’ published in 
England in two large volumes contains in 
the first volume the titles of all the known 
published scientific periodicals in the world 
and in the second volume a reference to 
where copies may be found in the libraries of 
selected cities in Greafc Britain and Ireland. 
Similar catalogues exist for South Africa, 
Canada and the United States; also, no 
doubt for other countries. 

The cost of preparing such a catalogue for 
the chief Indian libraries would be but a 
fraction of the cost of a new central library 
and the result would, I suggest, be of at 
least equal value to Indian science though 
it would not, of course, fulfil the same func- 
tions. Indeed, even if a central library 
were eventually instituted the need for such 
a catalogue would still exist. It would be 
interesting to know how many librarians of 
existing libraries would bo willing to co- 
operate in this sclieme. 

A catalogue of this nature to be of greatest 
use would need to be brought up-to-date 
periodically — say, once in every live years. 

Forbes W. Suarpley. 
Department of Engineering, 

Indian School of Mines, 

Dhanbad, 

Jtme 12, 1934. 


‘ Barren-Sterile ’ — A New Mutant in Rice 
and its Inheritance. 

As far as tlie writers are aware the mutant 
described in this note does not seem to have 
been recorded in rice, previously. However, 
an almost similar case was described by 
C. M. W’oodworth in maize. 

In the 1932-33 paddy season, the junior 
writer in going through the selections from 
Muthusamba, a variety got from Cuddalore 
in 1931, noticed that out of 92 single plants 
grown separately, one lot Ko. 1900 was found 
to throw out a fairly large number of 
plants with leafy shoots, in the place of 
earheads (Fig. 1). The actual counts showed 
148 normal and 38 barren- sterile plants in 


1 Perkin, J.C.S., 1894, 65, 578. 

2 Current Science, 1933, 1, 335. 


3 J. Heredity, 1920. 
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this lot suggestive of a wide 3 : 1 ratio, and 
the mutating character as a recessive. As 
the numbers indicated the possibility of this 
character as a Meiidelian phenomenon, it was 
decided to carry forward all the normal 
(ear-bearing) plants for growing as F^’s for 


this mutation are the internodes, the leaf 
blades, number of tillers, and height of 
plants. It is found that the mutant plants, 
without exception, in all the families studied, 
have about twice the number of internodes 
than the normal plants and that there is 
very much less variation in lengths of 
successive internodes in the mutant than 
in the normal plant (Fig. 2). The mutant 
plants have leaf blades very much reduced 
in length. Eegarding height and tillering, 


Fig. 2. 

Photograph to show the differences in internode length 
and number between: (1) ear-bearing, 
and (2) the barren plants. 

it is found that the normal plants are taller 
and have more tillers than the barren-sterile 
plants. 

Probable Origin of the Mutation , — The 
mutation under discussion is in all prob- 
ability a gene mutation and might have 
occurred either in the sexual cells or in the 
somatic cells early in the ontogeny of the 
plant. And this gene seems to have been 
responsible for barrenness variations in 
number of internodes and their lengths, in 
tiumber of tillers, in leaf blade lengths, and 
in heights of plants, as it is more inconceiv- 
able that each of these characters w^ere 


Fig. 1. 

Photograph showing the ear-bearing and mutant plants. 


confirmation. The barren- sterile plants, 
for obvious reasons, could not be carried 
forward to give another generation. 

Accordingly, 142 normal looking plants 
were grown as F^'-S during 1933-34 season 
,and out of these 58 bred pure for the normal 
ear-bearing character and the remaining 
84 segregated. 

Segregating Pure 
Families Families 



84 

58 



Exx^ected on ) 

2 : 1 ratio j 

95-7 

47.3 

Dev. 

S.E~ 

=2*0 


Normal or 
ear-bearing 
plants 

Barren-sterile 
plants . 

Dev. 

Dev. 

S.E. 

Total of 84 ^ 





segregating > 
f amili es J 

7,86L 

2,195 

- 

•• 

Calculated 3 : 1 

7,542 

2,514 

319 

7.3 


. Though the ratio given is not a very good 
3 : I the figures undoubtedly indicate that 
the mutating character is a simple recessive 
tg the. normal. 

^i^ie other parts of the plants that have 
been more or less profoundly affected by 
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governed by a separate gene closely linked in 
the chromosome and that simultaneous 
mutation of every one of these took place 
as a single step. Further, no cross-overs were 
noted in any of the 142 families studied. 

A detailed account of this mutant will be 
published elsewhere. 

M. Anandan. 

V. Kuishnaswami. 
Agricultural Eesearch Station, 

Aduturai, 

June 25, 1934. 


The Theory of Liquids. 

In a paper shortly to appear in the Indian 
Journal of Physics, the author has discussed 
a theory which considers a liquid as being 
composed of molecules, each associated with 
a spherical space, of which the diameter is 
given by the formula for the close-packing 
of spheres, namely, 

cr, = (l‘ 32X10-''^) v VT (1) 

This diameter is the average distance of 
closest approach of molecular centres ; it is 
the distance from the centre of a molecule 
within which on an average there will be no 
molecular centres, and outside of which on 
an average, there will be uniform distribu- 
tion of molecular centres. Some molecules 
will approach more closely and there is 
nothing to prevent slow diffusion of mole- 
cules through the liquid. The average 
effect, howeve]*, is that of closely packed 
spheres. It is assumed that the molecules 
attract one another with a force given by 
^IrM where r is tlie distance between two 
molecules ; [x is independent of temperature, 
but or as- will be seen from (1) depends on 
it; the space kept clear around a molecular 
centre increases as its thermal motion 


increases. 

The theory has now been extended to 
molecules which attract with the force given 
above and repel with a force given by 
The following formulae have been deduced : — 
fji A 

^ 1*3 l(m — 5)cr 1 • 31(n — 5)o- ^ 

.. (2) 


L,-=4-22xl0'" 


” T(m~-4)a\ 



H(n — 4-)a^ 
3 > 


cals. 

.. ( 3 ) 


where y is the surface tension, L,: is the 
molecular internal heat of vapourisation, 


and a is the coefficient of thermal expansion. 
These equations are to be applied to tem- 
peratures of low vapour pressure only. 

Leonard- JonesMias shown that from the 
second virial coefficient of a gas it is possible 
to deduce an array of values of m and n. 
Table 1 shows values of m and n, and of the 
corresponding values of jx and A deduced 
from the values of the virial coefficients of 
five gases. Tables 2 and 3 show the results 
of the insertion of these values in (2) and (3) 
respectively. It will be seen that values 
which satisfy the virial coefficient in the 
gaseous state give, when inserted in (2) and 
(3), values which agree with experimental 
observations for the liquid state. 

It may be noted that the Schrodinger 
equation indicates that helium atoms 
attract one another with a force varying as 
the inverse 7th power of the distance and 
that the force constant lies between 7 and 
9x10'^*^. The value of n for helium here 
used is close to that indicated by the 
viscosity of helium in the gaseous state.- 


Table 1. 

Force Constants derived from th'e 
Fquaiion of Slate. 


Sul)- 

stance 

}i 

! 

ni 

A 


He 

Ui 

7 

2-41 XlO-' 

5-77 X 

Hi 

Hi 

8 

G-65X10-' 

2-33XlO-“<> 

Ne 

25 

7 

l-93xl0-'<'^ 

2-55 XlO--'" 

Ar 

31 

8 

1-30X10--"' 

1-41 X 10-" = 

No 

31 

8 

l-52X10--:"> 

2-02XlO-«= 


Table 2. 
Surface Tension. 


Sulistance d'' 

a 

X10« 

r 

calc. 

(2) 

r 

obs. 

Tie 2-5 

4-02 

0-32 

0*30 

IL 20-0 

4-05 

1-9 

2-0 

Ne 24-7 

3-38 

5-7 

5-6 

Ar 90-0 

4*07 

11-7 

11-9 

No 75*0 

4-34 

9-4 . 

9-4 


^ Lennard- Jones, Statistical Mechanics, by II. H. 
Fowler, Chap. X, 1929. 

2 , Lennard- Jones, Proc. Hoy, Soc., 1925, 107 , 
105. — 


24 


CURRENT SCIENCE 


[July 1934 


Table 3. 

Internal Latent Heat of V apourlsalion (cals.). 


Sub- 

stance 

T 

cr 

XlQS 

1 

1 ^ 

calc. 

(3) 

u 

obs. 

ITe 

2-3 

4-00 

' 0? 

19-4 

17-6 

IL 

20*0 

4-05 

•014 

169 

177 

Av 

87-1 

4-05 

•0046 

1280 

1326 

NU 

63*1 

4*23 

•0048 

1230 

1330 


T. S. Wheeled. 

Chemical Department, 

Eoyal Institute of Science, 

Bombay, 

June, 1934, 

Efficiency of the Open Pan System of 
Making White Sugar. 

In these days of manufacturing sugar with 
the help of all modern appliances, still there 
are persons who think it worth while trying 
to improve the open pan system of manu- 
facturing sugar. 

The Mysore Department of Agriculture has 
done a lot of work in this direction during the 
years 1904-05 and 1906-07 and published the 
results obtained in the reports of the Agri- 
cultural Chemist for these years. The 
efficiency of the process on a commercial 
scale was tested on a private estate in 1911, 
and a summary of the results obtained was 
published.^ Eecently Sethi and Sarkar liave 
published a note“ on the single pan method 
of manufacturing ^ Khandsari ’ sugar. 

While the work was conducted on a 
commercial scale in 1911 , a total quantity of 
25,550 lbs. of juice were boiled and 2168 ibs. 
of sugar were recovered from it. Calculated 
on the quantity of sucrose contained in juice 
only 48-2% of it was recovered as sugar. 
Just for comparison, the proprietor of the 
estate boiled 11,850 lbs. of juice in his own 
pans and obtained 2,419 Tbs. of jaggery from 
it. The weight of jaggery obtained worked 
out -to 20*4% on the weight of juice boiled 
while the recovery as sugar was only 8-8%, 
i,e., less than 45% of the weight of jaggery. 
In the process followed by Sethi and Sarkar 
the recovery of sugar from juice is only 
8*28% against a recovery of 8*8% by the 

^ Journ. Mys, Agric. cfc Exptl. Union, 1924. 
5, No. 3. ' 

^ Agriculture and Live-Stock in India, 3, Part Y. 


Mysore process. Calculating the recovery 
on the amount of sucrose contained in juice 
the recovery by the Mysore process was 
48 *2%) against 46*8% by Sethi and Sarkar. 

Tt is worth while considering whether 
sugar making by the open pan system will 
pay at all in competition with modern sugar 
factories working in India itself. With 
improved methods of milling and manufac- 
ture, modern sugar factories can and do 
surely recover much more sugar from cane 
than the open pan system ever can with the 
milling and boiling appliances at disposal. 

Whether it is worth wliile spending 
further time and money on trying to improve 
the open pan system is a matter for serious 
consideration. 

B. N. Iyengar. 
Department of Agriculture, 

Mysore, Bangalore, 

July 3, 1934, 


The Variation of Moisture in the Surface 
Layer of the Soil in Relation to the Diurnal 
Variation of Meteorological Factors. 

In a recent note"' one of us referred to the 
decrease in the pressure of water vapour 
with height above bare soil during day and 
the reverse phenomenon at night. These 
effects were observed daily at Poona during 
the clear season, November to April, when 
the surface layer of the soil is dry and con- 
tains only hygroscopic moisture. Experi- 
ments witli samples of the surface soil 
exposed under natural conditions (in the 
open) showed that there was appreciable loss 
of weight by evaporabioh during the day and. 
that most of the moisture lost by day was 
regained from the atmosphere during the 
night. These results readily explain the 
humidity observations, for, during the day, 
owing to insolation and consequent rise in 
temperature, the soil surface gives up mois- 
ture to the atmosphere, whereas during the 
night it absorbs moisture from the air 
layers above it and thus reduces the vapour 
pressure in these layers. 

Soil samples from a few other centres 
were next exposed in a similar manner and 
their weights determined at two- hourly 
intervals. The. weights of the soils were of 
the order of .60 grammes, the area of cross- 
section of the vessels used being 30 square 
centimetres. Observations of air tem- 
perature, humidity, soil temperatures, wind 

3 Curr. ScL, 1934, 2, 445. , . / . ' 
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velocity and intensity of radiation from 
the sun and sky received by a horizontal 
surface were also made simultaneously. The 
figure shows the variation in the weights of 



Time. 


. the different samples from 6 A.m. of 1-6-1931, 
to 6 A.M. of 2-6-1931, the variations being 
expressed with reference to the weight of 
each sample at 6 a.m. It is interesting to 
note the very high amplitudes of the evapo- 
ration during day and the absorption during 
night in the case of soils from Poona and 
Dharwar. Soil from Sakrand showed a 
moderate variation. The weight of eacli 
sample is maximum at the minimum tem- 
perature epoch (about 6 a.m.) and mini- 
mum at the maximum temperature epoch 
(about 2 P.M.). A sample of quartz powder, 
however, showed hardly any variation. The 
responses of different soils to the diurnal 
variation of meteorologieal factors appear 
to offer an interesting method of studying 
the hygroscopic properties of different soils 
and their influence on the micro-climate. 

Further work with different soils is in 
hand. The results obtained so far are being 
discussed fully elsewhere. 

L. A. Ramdas. 

M. S. Katti. 

Agricultural Meteorology Branch, 
Meteorological Office, Poona, 

July 6, 1934. 


Refractive Index of Thin Films of 
Potassium. 

In recent papers, Zener and Kronig have 
given a quantitative explanation of the 
remarkable optical properties of alkali 


metals in the ultra-violet observed by 
Wood ^ In particular, Kronig- has cal- 
culated the refractive index of potassium 
for different wave-lengths, and compared 
with the values deduced from Wood’s 
measurements on the change of amplitude 
and phase on reflection from thin films of 
potassium. Though the calculated values 
are of the same order of magnitude as 
Wood's observed values, the numerical 
agreement is far from satisfactory ; the 
calculated values being consistently lower, 
being usually about one-tenth to one-half. 

The purpose of the present note is to 
suggest a probable explanation for this 
discrepancy. The experimental values of 
Wood refer to a thin film of material, whose 
thickness is of the order of the wave-leno-th 
of light, whereas the computations '’of 
Kronig refer to an extended medium. It 
is well known from measurements on the 
conductivity of thin metallic films that as 
their thickness is reduced they show an 
abnormal increase in resistance. This has 
been explained recently by A. Jagersberger- 
in the following manner. As the thickness 
of the film becomes so small that it is 
comparable with the electronic mean free 
path, the effect is as tliough there is a 
decrease in the number of free electrons 
which are responsible for conduction, and 
hence the abnormal increase in resistance. 
The discrepancies between Kronig’s cal- 
culated values which refer to an extended 
medium, and 'Wood s experimental values 
which refer to thin films may probably 
be attributed to the same cause. On 
calculation, wo find that a fit between the 
above calculated and experimental values 
can be obtained if the “ effective ” number 
of free electrons per c.c. in Wood’s thin 
potassium films are taken to bo about 50"/ 
of the actual number. This is of the sanie 
order of magnitude as is necessary to 
explain the anomalous resistances of ' thin 
films. 

l^rom this point of view, measurements on 
the resistances of thin films of potassium 
obtained by Wood’s method would be very 
desirable. ^ 

B. Mukhopadhyay. 

. 210, Bowbazaar Street, 

Calcutta, 

July 12, 1984. 

‘ Phys.Rev., 1933,44, 3,53. 

® Nature, 1934, 133 , 211. 

Zeit.f. Physik.,\VU,i.T, r^n. 
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Absorption Spectra of Single Crystals of 
Polynuclear Hydrocarbons. 

The absorption spectra of single crystals 
of a number of polynuclear hydrocarbons 
have been studied by us using incident 
linearly polarised light. Among the crystals 
studied are anthracene, phenanthrene, 1, 2- 
benzophenanthreue, 1, 2, 5, 6-dibenzanthra- 
cene, fluorene, fluoranthene and pyrene, for 
which tire orientations of the molecular 


As an example, we may take the case of 
1, 2, 5, 6-dibenzanthracene. It crystallises 
in the monoclinic system in the form of 
thin flakes parallel to the c (001) plane. 
Eecent X-ray measurements on this crystal 
by Iball and Eobertson, and magnetic 
measurements by Banerjee in this laboratory, 
show that the benzene rings in the mole- 
cules of the unit cell are nearly parallel to 
the b (010) plane, and that the long axes of 
the molecules are nearly perpendicular to the 







Fig. 1. 

benzene planes in the crystal lattice are 
known either from X-ray analysis or from 
the magnetic measurements on the crystals. 
In all cases, it is found that the absorption of 
the crystal is much more intense when the 
incident light vibrations are parallel to the plane 
of the benzene rings in the m-olecules than when 
the vibrations are‘ along the normal to the 
benzene planes. 


Fig. 2. 

a axis. Therefore, one of the extinction- 
directions in the plane of the crystal flake, 
namely the a axis, would correspond pre- 
dominantly to vibrations in the plane of the 
benzene rings along the width of the mole- 
cules, while the other extinction-direction, 
namely, that along the h axis, 'would cor- 
respond predominantly to vibrations per- 
pendicular to the plane of the benzene rings. 
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Using one such crystal flake of 1, 2, 5, 6- 
dibenzanthracene and allowing linearly 
polarised white light to be incident normally 
on the flake, ifcs absorption spectra for the 
above two principal vibrations have been 
studied by us. Fig. 1 gives a microphoto- 
noetric record of the absorption spectra in 
the visible region, the upper curve corres- 
ponding to vibrations along the a axis, 
and the lower to vibrations along the h 
axis. It is remarkable that whereas the 
absorption bands appear prominently when 
the vibrations are along the a axis, they 
are quite feeble for vibrations along the b 
axis. Thus, these absorptions are practically 
confined to vibrations in the plane of the 
benzene rings, the vibrations along the 
normal to the plane of the benzene rings 
being almost freely transmitted. 


In Fig. 2 are reproduced the microphoto- 
metric records (on a different scale from that 
of Fig. 1) of these two principal absorptions 
for the ultra-violet region. The upper curve 
corresponds as before to vibrations along 
the a axis, and the lower curve to vibrations 
along the b axis. Here again, the polarisa- 
tion of the absorption bands is evident. 

The absorption by naptiialene, 1, 4- 
napthoquinone and ^j-benzoquinone also 
show a similar striking dependence on the 
direction of the light vibration with reference 
to the molecular planes. 

K. S. Krishistan. 

P. K. Seshan. 

210, Bowbazaar Street, 

Calcutta, 

July 12^ 1934. 


Insect Transmission of Spike-Disease. 


I N a recent issue of the Indian Forester^ 
there have appeared some further com- 
munications on this highly controversial and 
vexed question. As the subject is one of 
much scientific as well as practical interest, 
it has been considered desirable to review 
the present position with special reference 
to its mere practical bearings. 

In October 1933, Dover- announced that 
Moonia albimaculata had three positive 
transmissions of spike-disease. The result- 
ing symptoms were inseparable’ from those 
of typically spiked plants on morphological, 
biochemical and cytological grounds. The 
author admitted that the transmissibility 
of those symptoms by grafting had still to be 
established. 

Sreenivasaya,'* who carried out the graft- 
ing tests, failed, however, to obtain any 
transmission of symptoms to plants grafted 
with material derived from the Moonia- 
infected plants. He further states that 
the three plants alleged to be diseased 
only represented a stunted condition which 
was brought on by an impoverished soil, 
want of a vigorous host and probably 
aggravated by insect-feeding they after 
careful nursing with fresh soil and host, 
have since turned completely healthy.” 


^ Indian Forester, 1934, 60 , 402. 

2 Ihid., 1933, 59 , 695. 

3 Nature, 1934, 133 , 382, 


In his reply to Sreenivasaya’s note 
Dover^ does not concur with the claims of 
his colleague that the Mooyiia plants became 
healthy and relates his experience of having 
seen healthier-looking plants recorded a-s 

genuinely spiked ” and of markedly reduc- 
ing ‘^spike-like faces of disease sandal plants” 
by pruning, nursing or growing in shade. 

Literature on the spike-disease of sandal 
records several instances where such contro- 
versial differences of opinion liave often been 
expressed. (See Proa. Conference on Spike- 
Disease of Sandal, 1917.) In fact, the “ spike- 
like new flush, bursting in response to certain 
types of injury to the sandal plant, like fire, 
has been mistaken for spike.” “With 
regard to the appearance of spike-like 
growth on trees badly burnt as noted by 
Mr. Hole, both Mr. IT. S. Narayana Eao and 
Eao Sahib Eama Eao considered that this 
should be worked upon as a temporary re- 
action and that later the growth would once 
more become normal ” {Ibid., p. C). Hearsey 
referring to the idiosyncracies of sandal, 
invites attention {Ibid., p. 31) to “ the small 
leafed tree which is invariably found on dry 
soil in exposed localities, leading a novice to 
imagine that the tree was spiked Chat- 
terjee'^ in the course of his extensive 


^ Indian Forester, 1934, 60 , 505. 

5 Investigations on Spike-Disease of Sandal^ 

1932 , 5 , 12 . 
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experiments with the suspected vectors ”, 
ilf. mriabilis {albimaculata), F. uniformis 
and Sarmia sp. (;?)? observed “ distinct 
shortening of internodes and leaves and 
also clustering of leaves ” in his experiments 
with P. %inifomis^ but all these trees deve- 
loped healthy flush later. 

The few extracts given above illustrcxte 
that certain types of growth present faces ’’ 
which may sometimes be mistaken for spike, 
and emphasise the need for developing 
an objective method” ot diagnosing the 
disease, which would be helpful in deciding 
doubtful cases of growth. Its importance 
appears to have been fully realised by both 
the research organisations : (1) the Depart- 
ment of Agriculture, Mysore, and (2) the 
Indian Institute of Science. Narasimhan 
of the Mysore Group has provided a 
cy'tological technique by which one can 
diagnose spike while a grafting technique 
is offered by the Institute workers. The 
latter technique which is simpler has been 
applied successfully and extensively for 
deciding doubtful specimens. 

Dover remarks that grafting experi- 
ments only yield a type of evidence which 
is considered inconclusive when applied to 
tlie results of insect transmission studies” 
and his contention is supported by the Edi- 
torial review which asserts that the results 
of insect transmission experiments cannot 
now be proved or otlierwise by grafting 
experiments.” ' It is rather difficult to 
appreciate the force of this argument, if one 
remembers that the grafting technique is one 


Iiidinn Forester^ 1934, 60 , 505, 
7 IMch, 1934, 60 , 492. 


that has proved successful in diagnosing 
cases of spike naturally transmitted by 
vectors operating in forests. Since the main 
objective of the entomologist is to transmit 
spike through the agency of viruliferqus 
vectors, the vector-fed plant, if it should be 
pronounced to be typically spiked, should 
answer the grafting test just as nmcli as a 
spiked plant (grafted with material derived 
from a naturally diseased plant) does stand 
a similar test. 

It may be argued that in the case of the 
Moooiia-ted spiked plants, the dosage was 
insufficient, that the disease produced was 
not virulent, and that the vector in question 
transmitted only a single component of the 
virus complex which has possibly two or 
three. But it only serves to establish the 
fact that the insect transmission has not 
been the success, as it was announced to be 
some time ago.^ It should be, however, 
admitted that the large number of negative 
experiments conducted by Chatterjee 
and Dover are very illuminating, but it 
is unfortunate that in spite of the indepen- 
dent efforts of the Mysore xigricultural 
Department and the Forest Eesoarch Insti- 
tute, Dehra Dun, the natural transmission 
of spike should still remain obscure. We 
cordially endorse the opinion of the Editor 
of the Indian Fofester that the only profit- 
able course in future is to repeat them 
extensively with such modifications of 
technique as are required by the possibly 
complex nature of the spike virus and 
the dependence of virulent infection or such 
I factors as dosage or dual vectors,” 


s Dover, Naiure, 1933, 132 , 592. 
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The Geology of the Krol Belt. 


TYUEIiSTG the past ten years or so consider- 
^ able advance has been made in our 
knowledge of the geology of the Himalaya, 
which has served to show that the structure 
of these mountains is more complicated than 
had hitherto been thought. Mr. Auden in 
a recent publication^ has dealt with the 
geology of this mountain range. In the 
reviewer’s opinion it must be regarded as 
a mosi important contribution to Himalayan 
geology, based as it is on detailed mapping 
and acute observations. The area described 
is a long narrow belt running E.S.E. from 
Solon on the Kalka-Simla railway, along the 
south-west side of the G-iri valley, and across 
the Tons river to the southern part of the 
Chakrata district. On its nortli-east side is 
the area of more highly metamorphosed 
rocks mapped by Pilgrim and West ; on its 
south-west side is the belt of Tertiary rocks 
forming the southern edge of the Himalaya. 

Broadly speaking, Mr. Auden regards the 
Krol belt as a thrust mass of Jaunsar- 
Blaini-Krol-Tal rocks resting on a floor of 
Simla slates and Tertiary rocks. Separat- 
ing these two groups is the Krol thrust, 
which is itself folded. (The well-known 
outcrops of Subathii beds near Solon are 
thus regarded as belonging to the under- 
lying group of beds, below the Krol thrust.) 
The details of the geology, however, are 
exceedingly complicated, as a glance at the 
map accompanying the paper will help to 
show. In addition to the general descrip- 
tion of the area itself, many problems which 
have a bearing on the geology of adjacent 
tracts are dealt with in a forceful and 
penetrating way. Brief reference may be 
made to some of these. 

It has lately become increasingly clear to 
those working in the Himalaya that the 
importance of the well-known ‘ Main Boun- 
dary fault’ of Medlicott and Middlemiss, 
separating the Sivvaliks from the older Ter- 
tiary rocks, has been overrated ; and Mr. 
Auden crystallises this change of opinion 
in a well-ieasoned statement, from which 
the following may be quoted : 

‘‘ It appears to the writer that the couception of 
a ‘Main Boundary fault’, and hence of a basal 
thrust- plane to the Himalaya, has been carried 
too far. It arose at a time when the faults were 
thought actually to mark the successive limits of 
sedimentation against the uprising Himalaya and 
when the structure of the pre-Tertiary rocks had 


1 Rec. Geol. Sur, Ind., 1934, 67, Part 4, pp. 357- 
454. 


not been examined in detail. Recent work by 
Pilgrim, Wadia, West and the writer has shown 
the number of thrusts that actually exist in these 
pre-Tertiary rocks. Some of these cannot be 
considered minor structures, comparable solely 
with the minor thrusts, as distinct from the major 
thrusts, of the North-West Highlands. The Chail 
thrust of Mr. West is of premier importance. In 
the Himalaya, as in the Alps, it would appear 
impos.sible to re:?ard any single dislocation or 
nappe as having borne the whole burden of the 
advance upon the foreland.” 

An illuminating suggestion put forward 
by Mr. Auden is that the true Blaini beds 
which underlie a normal Infra-Krbl-Krol 
succession are distinct from, beds mapped 
elsewhere as Blaini, e.g., at Simla (which may 
come as a shock to some). Those latter he 
would correlate with the Mandhali beds of 
Chakrata, suggesting that there were two 
periods of glaciation (or whatever tlie con- 
ditions were which gave rise to those pecu- 
liar beds), one at the base of the Jaimsar 
series and the other below the Krol series. 
And while this suggestion has a good deal 
to commend it, explaining a number of 
diffiicultics, it is one which must for the 
time being be regarded as non-pro ven. An 
alternative explanation is that Oldham 
included under the name Mandhali two 
distinct sets of rocks, the true Mandhali 
beds at Mandhali village in north Chakrata, 
which may be in part identical with the 
Blaini at Solon and Simla ; and other beds in 
South Chakrata, those mapped by Mr. 
Auden, which are basal Jaunsars. 

A good deal of emphasis is laid by Mr. 
Auden on the effect of varying degrees of 
metamorphism upon rocks, more especially 
the bearing it lias upon correlation. Appa- 
rently the grade of metainorphism displayed 
by the rocks of the Krol belt is always of 
an epi-type, in which shearing stress and 
low temperature have been the main fac- 
tors. But the degree of metamorphism to 
which the rocks have been subjected varies 
considerably from place to place, and fre- 
quently makes the correlation of the rocks 
a matter of great difficulty. Consequently 
the author lays emphasis on the unsound- 
ness of placing too much reliance on ineta- 
morphic grade in problems of correlation. 
He goes even further, liowever, and sug- 
gests that the meso-tj-pQ of metamorphism 
displayed by the Jutogh series in the coun- 
try north-east of the Krol belt may be a 
local phenomenon related to the intrusion 
of the granite, and is not by itself to be 
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regarded as evidence in favour of those 
rocks being older than the rocks of the 
Krol belt. 

As rega-rds the time of the intrusion of 
the gneissose granite which is found in the 
Jutogh series, and similar granites else- 
where (the Central Himalayan gneiss of 
Stoliezka) Pilgrim and West, while refrain- 
ing from expressing any definite opinion, 
except that it was probably pre-Chail in 
age and possibly Archaean, rejected 
McMahon’s view that the intrusion took 
place during the Tertiary at the time of the 
upheaval of the Himalayas. Mr, Auden goes 
further, and puts forward reasons for sup- 
posing the intrusion to have taken place 


during the Palaeozoic, suggesting t>ha.t it 
occurred in connection with ('crtain (*rust 
movements which he suggests took plae(i in 
pre-Krol times, along a line coimddeut with 
the line of the old Aravalli inouiitains if 
continued northwards into the Himalaya.s. 

Other aspects of the geology, most.ly 
relating to the lithology of tli(‘ ro(‘ks, :ire 
described in detail. But enough ha.s lu^en 
said to show the importaiiec of this in 

throwing further light on the struetun^ of 
the Himalaya. It is accompanied by a 
map of great beauty, which does (*.r(Miit 
alike to the author who made it, a-nd to the 
Survey of India who printed it. 

W, 


Research Notes. 


Singular Solutions of Ordinary Differential 
Equations of the Second Order. 

The methods of obtaining the Singular 
Solutions, which are applicable when a 
given differential equation or one of its first 
integrals involves irrational or transcen- 
dental expressions, are described by Srini- 
vasiengar in an important paper published 
in the Jubilee Memorial Volume (Yol. 20) 
of the Indian Mathematical Society, 

In Part II of the same paper the author 
has discussed a number of topics of interest. 
Several illustrations of differen[;ial equations 
which possess, what the author calls ineom- 
plete primitives, are given and the readers are 
cautioned against calling the residual primi- 
tive as singular solutions. The author 
disagrees with the existing theory about 
Singular Solutions of the second order, and 
explains how any smgular solution of tJie 
equation w ix, y, y') =0 will satisfy the original 
equation F (x, y, y\ y") =0 in a large number 
of cases {tv==-0 being the equation givino- 
Smgular Solutions of the first order). A new 
method of obtaining the osculants of the 
system f {x, y, a, b)~0 is also given. 


Envelopes of Systems of Surfaces. 

In a paper published in the Tohohu 
matical Journal (39, Part I) Srinivasieno*ar 
has discussed the methods of obtaining the 
envelopes of singly infinite and doublv 
infinite systems of surfaces, when the eoua 
tions of these systems may contain iW 
tional or transcendental expressions. The 


results centre round the following tlu^onun, 
which is proved in the paper : 

If one or more of the first partial derirativrs 
flF'i Vj become mfinite ln> virtue of 
y, 5;)=0, the two surfaces /- :■-(), fi -0 touch 
each other all along their curve of intersect lo)i 
(except in very special cases). 

Among the corollaries of this r(‘.sulli, th<^ 
following may be particularly nuMiiiioiKMl : 

If F=0 denotes the envelope of the first 
species of the system of surfaces u{x, y, .:)' -a, 
it will also be an envelope of the first speeies of 
the system cj>{u, vj^-a, to here (/> is ant/ hoto- 
morphic function of u and v, and where none 
of the first j^^'^dial derivatives of v ht'tnynies 
infinite in virtue of 


btiowers of Positive and Negative 
Electrons. 

Perhaps the most beautiful jilienonKoion 
revealed by the application of Wilson’s 
cloud chamber method to tlie study of (‘os- 
mic radiation is the occurrence of ^Sshowm's” 
of positive and negative electrons apparently 
emanating from a point in the neighbour- 
hood of the cloud chamber. In the Proe 
Roy. Soc for May, C. W. Gilbert (lesc.ril)eH 
the results of his experiments on the. nro- 
duction of these showers. Tlie iuvesti<>-ii- 
tions were earned out by him in SwitzerhuHl 
at three different heights above sea-level- 
3 d 00 metres (dungeranjoch), 2300 metres 
(Eigergletsclmr) and 500 metres (J^iirich)" 
Using three Geiger-Muller counters he im 
vestigated the simultaneous coincidences in 
the three counters caused by the presence 
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of varying thicknesses of lead screen placed 
above and below the counters. He finds 
that with increase of height, the number of 
showers increases at about the same rate as 
the intensity of general cosmic radiation. 
From a comparison of the absorption of the 
shower-producing radiation and of the 
general cosmic radiation, Gilbert concludes 
that the two are not identical. There are 
thus at least three types of rays associated 
with cosmic radiation: (1) primary radiation 
in all probability consisting of charged par- 
ticles with excess of positive and having 
an enei^gy of the order of 10^" electron-volts 
as shown by the variation of cosmic ray 
intensity with latitude, (2) shower-producing 
radiation of unknown kind, perhaps of the 
i/-ray type, and (3) shower particles consist- 
ing of positive and negative electrons with 
energies of the order of 10'^ electron-volts 
and originating simultaneously in the field 
of the nucleus of atoms. ^ ^ 


A High Intensity Mass-Spectrometer. 

The isolation of isotopes in the case of 
elements available in a gaseous form has 
been achieved by Hertz and his method has 
been described in these columns {Gurr, Sci., 
1932, 1, 173). The separation of the 
isotopes of solid elements, however, has not 
been a success so far. W. R. Smythe, L. H. 
Eubaugh and S. S. West {Phys. Rev., 1934, 
45, 724) now describe a form of mass- 
spectrometer designed by them to achieve 
the above object. The essential part of the 
instrument is a new form of pole piece 
which serves as a magnetic lens. Both 
boundaries of either pole piece are formed 
by two circles passing through the origin of 
coordinates, one of them having its centre 
on the Y-axis (which is parallel to the 
original direction of motion of the positive 
rays) at the focal point C, while the centre 
of the other is at a distance r to the right 
of C, where r is the radius of curvature of 
the trajectories in the field. In order to 
have an intense parallel beam of positive 
rays, a concave cylindrical electrode, 
machined out of an iron block and having 
only some parts covered with emitting 
material, was used as the source of the rays 
and a slit with bevelled edges was used, its 
width and level as well as its distance from 
the emitter being adjusted to be suitable to 
the curvature of the electrode. Two focus- 
sing bars were also used to correct any errors 
in these adjustments. 


The heating elements consisted of 35-mil 
molybdenum wires wound on 8 mm. Stupe- 
koff tubing passed through two large holes in 
the source block wliich was surrounded by a 
water- jacketed copper box at the same 
potential. The source could attain 1450° K 
when the iron evaporated noticeably but 
without permanent injury, and was found 
suitable for several Kunsman catalyst alkali 
metal emitters. The accelerating potential 
w'as taken from a 6000 volt, 10 Kw. D.O. 
generator which was found to be very 
steady. 

The receiving arrangement was a vacuum- 
tight cylindrical box with two slits ; the 
position and width (1 mm.) were adjusted 
so as to coincide with the focus regions of 
the two isotopes of potassium which was 
the. metal studied. The collectors were 
placed behind the slits. With an ion 
current of 0-1 milliamp., about a milligram 
of was obtained in 7 hours. Samples 
of for radioactive work are reported to 
be under preparation. 


Negative Protons and Nuclear Structure. 

Arguing from the discovery of the positive 
counterpart of the electron, viz. the positron, 
and from the fact noted by Williams (Phys. 
Rev., 1931, 45, 729) that some of the negative 
particles present in cosmic radiation corres- 
pond to a protonic mass, Gamow {Phys. Rev., 
1934, 45, 728) infers that there may be a 
number of negative protons amongst the 
constituents of nuclei, the neutron being 
then considered as jnade up of a positive 
proton and a negative electron or a negative 
proton and a positive electron. Considera- 
tion of the stability of nuclei on lines 
similar to those adopted by Heisenberg leads 
to the conclusion that tlie excliange forces 
between positive and negative protons form 
a repulsive system. Some modifications in 
the previous theory necessitated by the 
introduction of negative protons are expect- 
ed to bring the calculation of limits of 
stability of nuclei into better agreement 
with experiment. Another consequence of 
the new idea is the possibility of existence 
of isomeric nuclei, i.e., nuclei of the same 
charge and mass but of different consti- 
tution. The radioactive element UZ (found 
by Hahn) is regarded as an isomer of UX^, 
this view providing an explanation for tlie 
fact that UXi disintegrates into UXo or UZ 
with a ^-transformation although XJXo has 
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DO tendency to change into UZ, but both 
disintegrate to form LTII. 


Tooth Structure and Vitamin- C Deficiency. 

Wilfred Fish and Leslie Harris in 
a recent contribution (Phil. Trans. Boy. 
Soc. Lond.^ 1934, B, 502, 489) have presented 
the results of their investigations on the 
teeth and jaws of guinea-pigs suffering 
from acute full scurvy, chronic sub- scurvy, 
developing scurvy, curing scurvy, and com- 
plications due to other dietary deficiencies. 
The authors have given a new interpreta- 
tion of the dental abnormalities seen in 
vitamin C deficiency, the ^Tulptone” theory 
being rejected and the difference between 
the appearance of the tooth in scurvy and 
sub-scurvy accounted for. A theory is 
advanced as to the mode of action of vitamin 
0, which is regarded as a primary necessity 
for maintaining the functional activity of 
certain types of cells, including odontoblasts, 
osheoblasts, ameloblasts, etc. : other effects 
of vitamin 0 deficiency are physiological 
sequetiB of this primary action. Attention 
is also directed to the practical importance 
of the disorders in the enamel and cemen- 
tum, overlooked by past workers. 


The Segmentation and Chondrification 
of the Skull of the Duck, 

In an exceedingly interesting paper {Phil. 
Trans. Lond.^ 1934, B. 502) Barrington and 
de Beer have described the segmentation 
and chondrification of the skull of the duck. 
The object of this paper has been to clarify 
some obstruse points in the development 
of the skull. The authors have attempted 
successfully to explain why the planum 
sphenolaterale separates the first and second 
branches of the V-nerve and why the 9th 
and 10th nerves are separated by a carti- 
lege and also the abnormal passage of the 
olfactory nerves and carotid arteries and 
the homology of the turbinals. Barrington 
describing the segmentation, points out that 
the skull consists of 9J segments of which 
are metotic. The part on the chondri- 
fication of the skull is contributed by 
de Beer. The author very clearly describes 
the occipito-atlantic joint in the vertebrates 
generally and notes that the formation of 
the condyle in squamata (which resembles 
the mammals) is different from that of Cro- 
codile, Chelonia and birds. A reference to 
the occurrence of the ^proatlas’ arch is also 


made. At the end, the phylogeny of the 
amniota is briefly described from the view- 
point of chondrification. It is said that a 
stock in the Amphibia with an inter-seg- 
mental occipito-atlantic joint gave rise to 
Sauropsidan and Theropsidan branches. In 
the latter branch the inter-segmental type 
of joint persisted wliile in Chelonia, Croco- 
dalia and Squamata alone the joint became 
intrasegmental. 


Endocranial Cast of Sinanthropus. 

A NOTABLE contribution to our knowledge 
of the remarkable fossil man of China is 
made by J. L. Shellshear and G. Elliot 
Smith {Phil. Trans. Boy. Soc., B. 503, 
pp. 469-487). The endocranial cast of Sinan- 
thropus is perhaps the best preserved of all 
the fossil men known and lends itself to a 
comparison with the actual brains of 
modern men. It is undoubtedly clear from 
the examination of this cast prepared by 
Late Prof. Davidson Black that we are 
dealing here with a remarkably primitive 
brain. The occipital region is identical 
with that of the apes and a comparison with 
the brain cast of Pithecanthropus reveals 
that Sinanthropus is more primitive and in 
an earlier stage of evolution. A precocious 
expansion of the posterior end of the second 
temporal convolution and the orbital mar- 
gin of the frontal territory are noticeable. 
There is again a precocious expansion of 
the lower parietal area and a pushing for- 
ward of the pole of the temporal region. 
An important peculiarity is the remarkable 
degree of symmetry between the two cere- 
bral hemispheres, which is a very rare fea- 
ture in the human brain. 


Differentiation in Basaltic Magmas. 

A VERY important paper on ‘‘Trends of 
Differentiation in BasaUic Magmas ” is pub- 
lished by W. Q. Kennedy in a recent num- 
ber of the American Journal of Scieyice, 
1933, 25, pp. 239-56) in which certain 
ideas previously published by the author 
in his paper on “The Parent Magm.a 
of the British Tertiary Province ” have been 
further developed so as to include basaltic 
rocks in general. As a result of these stu- 
dies it has been shown that the two main 
basaltic magma- types — the Olivine-basalt 
Magma-Type and the Tholeiitic Magma- 
Type — are both of world- wide distribution 
and fulfil the conditions of primary magmas. 
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It is therefore suggested that we must 
recognise that these two are distinct parent 
basaltic magmas, each of which has its own 
independent line of descent. There is no 
evidence for supposing the existence of a 
common source for these two basaltic mag- 
mas nor is there any reason to infer that 
either of them is a derivative from the other. 


Crush Conglomerates of Dharwar Age. 

In a recent number of the Rec. Geo. Sur. 
Ind. (67, Pt. 4) Dr. M. S. Krishnan 
has published a short paper on Some Crush 
Conglomerates oE Dharwar Age from Chota 
IS'agpur and Jubbulpore in which he has 
given a petrographic account of some crush 


conglomerates which he has noticed in the 
Gangpur State of Bihar and Orissa and in the 
Jubbulpore District of the Central Provin- 
ces, and compared these with the ^auto- 
clastic conglomerates’ described elsewhere in 
India. The author recognises the fact that 
the criteria for distinguishing autoclastic 
from crush conglomerates of sedimentary 
origin are generally difficult of application 
in the field where highly folded and meta- 
morphosed sediments are concerned.” He 
is, however, oE opinion that practically all 
the material described by him in the pre- 
sent paper are undoubtedly conglomerates 
of sedimentary origin, although in some 
places the sedimentary characters have been 
obscured by intense shearing and crushing. 


Agricultural Education in India. 

By Keshava Sharan Agarwala, m.sc., ll.b. 


TN a predominantly agricultural^ country like 
^ India where the vast majority of the 
population lives on agriculture, tlie impor- 
tance of agricultural education cannot be over- 
emphasised. The need for it has^ been fully 
realised by the Government oE India and the 
Provincial Governments and much lias been done 
in this direction in recent years in the form of 
practical demonstration and propaganda on Agri- 
cultural farms and by providing facilities for 
higher education in agriculture. Besides the 
Agricultural Research Institute at Pusa and the 
Imperial Institute of Animal Husbandry and 
Dairying at Bangalore, which provide^ post- 
graduate training and research facilities in 
agricultural science and for which the Government 
of India is responsible, the provinces have their 
own agricultural colleges teaching diploma and 
degree classes. Iq addition to these ami cultural 
colleges, some of the Indian Universities also 
recently instituted B.vSc. courses in agriculfeiTt?-. 

The collegiate education in agriculture is no 
doubt very useful and necessary, but even at the 
best, only a very small portion of the population 
can hope to obtain it. Moreover, the graduate 
coming out of the agricultural college, as a rule, 
seeks Government or other employment instead 
of taking up practical farming where he could 
give the fullest beneht of his .advanced education 
to tlie country’s agriculture. For the rural masses, 
considering their number as well as their gross 
illiteracy, wliat is required is a type of general 
agricultural education of a school standard and 
imparted through the vernacular medium of 
instruction. There should be established agri- 
cultural schools all over the country so that the 
children of the agricultural classes may freely join 
them after the necessary vernacular education and 
learn the up-to-date methods of cultivation and 
the use of new implements, etc., under trained 
teachers in a course of 3 to 4 years just to suit 


their practical needs. These schools will provide 
the country wuth a set of young men who will take 
up the cultivation of Land according to modern 
agricultural methods. 

There are very few agricultural schools at 
present in India and there is a definite demand in 
the country for more schools of this type. Unfor- 
tunately, the recommendation of the Royal 
Commission on Agriculture to the effect that there 
should be no extension of such schools greatly 
retarded their growth. Time has, however, 
amply proved the immense utility of such institu- 
tions and the Provincial Governments are also 
recognising their usefulness. In this connection, 
it is gratifying to note the decision of the Bombay 
Governjnent to continue the two farming scliools 
in the presidency, the abolition of which was 
recommended by the Thomas Reorganisation 
Committee. The Government have, however, 
decided to effect economies in the working of these 
schools. It may be mentioned that in the case of 
educational institutions, economies are effected 
either by curtailing their activities by staff 
reduction or by increasing the fees. None of these 
methods should be adopted in this case since 
there is necessity for opening more schools and 
also for popularising them by fixing the fees as low 
as possible so as to bring tliem within the reach of 
the rural masses. 

It might be pleaded that in these days of finan- 
cial stringency, much attention and money cannot 
be devoted to agricultural education. It must not, 
however, be forgotten that the interest of the 
whole country is at stake in agriculture and that 
agricultural education is a necessity if the country 
is to have the fullest benefit of its agricultural 
industry. Its development will undoubtedly lead 
to greater prosperity and a bright future. The 
educational activities about agriculture therefore 
require extension and should on no account be 
curtailed. 
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Rice Research in Madras.* 
By K. Eamiah. 


I NDIA including Bai*ma occupies a very i^re- 
dominant position with regard to world’s 
production of rice, its share being 33 million tons 
out of a total of 59 millions. The share of Madras 
in this is roughly a little over 5 millions. So far 
as trade in rice is concerned, it is Burma because 
of its big production and meagre population that 
figures most prominently. The most important 
feafiire of rice cultivation is the profuse water 
supply it requires. It is grown essentially under 
swamp conditions throughout the world. 

Tlice is one of the earliest crops known to man. 
.Regarding its place of origin recent researches 
have shown that S.-E. Asia, either Indo-China or 
India, is the original liome. In an ancient 
Chinese work, nearly 5,000 years old, rice is 
mentioned as one of tlie principal plants nourish- 
ing the country. Ancient Egyptians did not 
know of rice, nor is it mentioned in the old testa- 
ment. Tlie Asiatic origin of rice is confirmed by 
the mult ifariousu ess of the varietal material in 
China, Indo-China and India. Bice got into Europe 
only by 300 B.C. introduced by Alexander from 
India. Due to the antiquity and the ages through 
which it has been in cultivation there is a prolu- 
sion of varieties. It is stated that there are over 
2,000 varieties in Asia alone and the Coimbatore 
collections that have been gradually accumulating 
have now come to nearly a 1,000. The charac- 
ters, both morphological and physiological, in 
which the varieties differ from each other are 
extremely varied that it is impossible to adopt a 
perfect system of classification. The life duration 
of the plant may vary anything from 90 days up 
to 8 month.s and tins again is subject to the 
influence of the locality in whicii it is grown. 

A systematic study of rice begun in Madras in 
1914, covers all aspects, genetics, morphology, 
l^bysiology, agronomy and recently cytology as 
well. The three well-known methods of crop 
improvement work have been practised, viz,, 
introduction, selection and hybridisation. Except 
one or two instances, the que.stLon of introduction 
lias not been attended with much success as the 
question is, to a large extent, dependent upon the 
particular requirements of particular tracts. 

The pure line selection, the main underlying 
principle of wdiich consists in that the merits of 
an individual are to be judged by the perform- 
ance of its progeny, has been very fruitful of 
i*esults. Already ten strains have been evolved in 
Coimbatore which are under distribution to the 
X^eople in different parts of the province. The 
area under these improved strains can now be 
safely reckoned in several hundreds of thousand 
acres. These strains besides giving yield increases 
•varying from 10-20% are also found to possess 
some useful ancillary characters like good quality 
rice, high percentage of rice to unhusked grain, 
resistance to diseases, etc. As an instance of the 
wide popularity of one of the Coimbatore strains, 
mention may be made of GEB 24 which is grown 
practically all over the province. Even in Mysore 
where it was first introduced in 1924-25, it is now 


* Text of a paper read before the Bangalore 
Easter Science Congress, 1934, 


considered tlie most popular variety occupying 
30 — 40 thousand acres. 

The selection work has, however, one important 
limitation in that we cannot be sure that a strain 
doing well in one centre under a particular set of 
agricultural and climatological conditions wnll 
behave equally so under a different set of con- 
ditions. So the expansion of the Coimbatore 
work took the shape of the opening of a number 
of sub-stations, one in each of the important rice 
tracts of the province, so that the local problems 
and the local varieties could be tackled there. 
The first sub-station opened in Aduturai for the 
Tanjore district, has already issued 11 strains, 
and at a very modest estimate it can be _ said 
that more than half the area of this district is 
now grown \Yith these improved strains. ^ The 
second station opened in Maruteru has issued 
8 strains suitable for the ICistna and Godavari 
districts. It is only a question of time before 
strains are issued from two other stations, one in 
Pattambi for Malabar, and the other at Berham- 
pore for Ganjam, the two districts which record 
the poorest rice yields in the province. 

Bice plant just like any other organism is influ- 
enced by the environment, soil and climate, in 
wliicli it is grown and hence probably the widely 
divergent acre yields obtained in the different rice- 
producing countries of the world. India occupies 
an unfavourable position with regard to acre 
yields when compared to countries like Spain, 
Japan and Italy though among the provinces 
within India, Madras is definitely the best. That 
intensive methods of cultivation, manuring and 
growing of strains all combined, can increase the 
yields even in Madras has been exemplified in the 
Coimbatore Central Farm where the average acre 
yields have been increased to neaily 4,000 lb., 
nearly double those of 10 years ago. 

The next line of improvement is by hybridisa- 
tion which attempts at synthesising in one variety 
certain desirable characteristics observed in two 
or more varieties, by undertaking artificial cross- 
ing among them, and picking out from the resulting 
varying progeny those types showing the desirable 
combinations. The success of this work depends 
upon the correct choice of the parents and a know- 
ledge of the genetics of the particular characters 
sought after. The principle of inheritance is 
based on the famous “Mendel’s Laws”. The 
study of cytology, i.e., the changes in the cell 
contents, which has made such great progress in 
the last two decades has had a phenomenal effect 
on the study of genetics. It was just 25 years 
ago that a definite connection was actually estab- 
lished between the behaviour of chromosomes, 
the dark staining minute bodies in the nucleus of 
the cell, and the laws of heredity. We are indebt- 
ed to Professor Morgan and his colleagues in 
America who, with their classical work on the fruit 
fly. Drosophila, have been mainly responsible for 
this advance now recognised as the “ chromosome 
theory of heredity ”. His work has led to several 
important modifications in the “Mendel’s Laws”, 
and has given us the conception how two characters 
in particular instances always go together and 
occasionally behave independently, known in 
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technical language as “ Linkage and Crossing- 
over” respectively. 

Both the cultivated and the wild species of rice 
so far examined contain 12 pairs of chromosomes 
and according to the chromosome theory all the 
inherited characters must fall into 12 groups. We 
have so far studied the inheritance of nearly 100 
characters and we have been able broadly to 
account for nearly 8 groups and the detailed inter- 
relationships amongst the members of each group 
have yet to be worked out. 

That verv striking results oC improvement have 
not been effected in spite of the fact that artificial 
hybridisation has been practised in Coimbatore 
for the last several years is due to the fact that our 
knowledge about the complicated inheritance of 
several quantitative characters, which are the 
ones directly related to yield, is only gradually 
accumulating. Mention can, however, be made of 
two instances where hybridisation has met with 
success. There is now one strain issued from 
Aduturai (Adt. 8), a progeny of a hybrid made on 
the station, which while giving the same yield or 
even slightly more than Adt. 2, one of the parents, 
comes to maturity a fortnight earlier, which is a 
big gain as it can be more successfully grown than 
Adt. 2 wherever there is scarcity of water towards 
the end of the season. 

The Rice plant is subject to a serious fungus 
disease, Piricularla oryzue, and when this breaks 
out in an epidemic form, practically the whole 
crop is lost. In the cases of diseases of agricultural 
crops, curative methods are practically out of 
question and the breedingof resistant types is the 
only weapon available with the breeder. Special 
crosses were made between koranyu samba, an im- 
portant variety of the Tanjore district and which 
is specially subject to this disease and two of the 
Coimbatore strains, OEB. 24 and Co. 4, which are 
found to be resistant. This work is now nearly 8 
years old and has come to the stage when a few of 
the progenies from the first cross are found to be 
resistant to the disease besides giving a very much 
bigger yield than the susceptible variety. 

The question of improvement does not cease 
with the evolution of strains, either direct selec- 
tions or selections from hybrid progenies. There 
is another aspect of improvement, that due to 
'nurture ’as different from ‘nature’ involved in 
breeding. The yield which is the main considera- 
tion, is the end expression of all the vital processes 
of the plant throughout life, and to study yield, 
we have to make an analysis of the components of 
yield and how they are modified by the environ- 
ment the plant is placed in. The study of the 
developmental pliases of the rice plant has receiv- 
ed considerable attention in recent years. One of 
the important developmental phases is tillering, 
or the production of side shoots. This phase goes 
on continuously for about fi weeks after transplant- 
ing, depending upon the age of the variety, 
followed by a decline caused by the late tillers 
dying off, so that the number of final ears formed 
in each plant is only 50 — 70% of the total tillers 
produced, The production of the ears has a direct 
relation to tillering. In early varieties, under 4 
months in duration, the formation of the rudi- 
mentary ear commences about two weeks before 
the maximum tillering phase is reached ; in medium 
duration varieties, say 5 months, the two events 
synchronise; and in long duration varieties, 6 
months and above, there is an apparent quiescent 


period of about 6 weeks after the maximum 
tillering phase is reached. These different develop- 
mental phases have a bearing on the cultural 
and manurial practices. One of the cultural 
practices involved is the spacing given to the plant 
at transplanting time, the more the spacing the 
greater is the number of tillers produced, but there 
is an optimum for each variety and each locality 
beyond which increased tillering induced by extra 
spacing cannot compensate for the reduction in 
the total number of tillers per unit area. In the 
early stages of the crop, spacing has even a 
greater effect on tillering than manuring. 

The time at which manuring has its greatest 
value depends upon wliich stages in the plant’s 
development are most intimately connected with 
yield, and which are most influenced by differences 
of manuring and soil fertility. The question 
w'hether the available manure should be given to 
the seed-beds or to the transplant field has been 
examined and it is found that manuring of the 
field rather than the seed-beds is more desirable. 
The application of a quick-acting manure like 
ammonium suli^hate to the crop has been experi- 
mented with, and it has been found that it must 
be applied immediately after transplanting for a 
short duration variety w'hile it is advantageous to 
postpone the application, up to 2 months after 
transplanting, for a long duration crop. 

Hitherto the problem of breeding has been 
mainly confined to quantity, rather than to quality 
because quality does not come in at all in the 
polished rice as is generally consumed in the 
country. The antineuretic vitamin B^ , the pro- 
teins, and oil contained in rice are all to be found 
in the germ or embryo and the seed coat or bran 
which gets completely removed in the polishing 
processes, 'fhat vaileties differ from each other 
with regard to the thickness of the seed coat lias 
become evident from the histological study of the 
grain made in Coimbatore. Some of tlio coloured 
rices are found to have thicker bran than the 
white rices. In the interest of better liealth and 
nutrition when the craze for the highly polished 
white rices disappears, an unpolished rice with 
a thicker bran must be certainly more nutritious 
than one with a thinner coat, and the problem of 
producing rices with a thicker coat combined with 
yield is under investigation. Besides the vitamins 
and proteins there are certain other aspects con- 
cerned with rice nutrition about which little is so far 
known. These are concerned with the problem of 
storage and the clianges taking place during storing 
and in the conversion of raw into par-boiled rice. 

Coming to the recent developments in the 
study of the rice plant, the determining of the 
several linkage groups and the inter-relationship 
among the characters of each group is being 
pushed through by making suitable crosses 
between selected pure lines whose genetic con- 
stitutions are known. Though crosses are also 
being done with a view to synthesise useful 
characters in one type, the question of linkage 
often sets up a limitation to our getting any and 
every type of combination of characters. There 
have been several instances where the crosses 
failed to give useful results with regard to the 
combination of valuable characters like tiller- 
ing, non-lodging nature of the straw, density 
of panicle, etc. In addition to the problem of 
linkage there were several cases where the proge- 
nies of crosses began to throw in the F 2 S and later 
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generations various semi-lethal chlorophyll defici- 
ent types and completely lethal albinos though 
these were not present in the parents them- 
selves. 

In addition to the above, several cases of 
sterility where the spikelets remain chaffy without 
developing any grain are also met with. The 
chief manifestation of such spikelet sterility is 
the occurrence of non-viable pollen or male 
gametes. Oytological studies are able to connect 
the sterility with the peculiar behaviour of the 
chromosomes. Usually in interspecies crosses 
involving different numbers of chromosome the 
sterility is caused by the presence of these an- I 
paired univalent chromosomes. This, however, 
does not apply to rice as all the species of Oryza 
so far examined have the same chromosome 
number. Sterility in this case must therefore be 
due to the different genic constitution of the 
chromosome sets. This is the characteristic of 
crosses between different geographical races. 

Several cases of chromosome irregularities have 
been met with. There have been one or two 
instances where due to a stimulus, seed has 
formed without the fusion of the male gamete 
with the egg, the result being the plant arising 
from it contains only half the chromosome set, 
haploid. This plant is very much reduced in size, 
and completely sterile. Such a plant is found to 
set seed very occasionally duo probably to the 
chance union of the haploid complement of 
chromosomes. The plants arising from such seeds 
should be absolutely homozygous. 

Plants have also occurred with three sets of chro- 
mosomes instead of the usual two, triploidSf due to 
the union of a male gamete with an unreduced 
egg. vSuch a plaiit is also sterile because of the 
uneven number of chromosomes but it occasional- 
ly sets seed giving rise to polysomics, where, in 
addition to the diploid chromosome sets, there 
are one or more extra chromosomes. Plants with 
2n -f 1, 2n H- 2, and 2n -[- 8 chromosomes have 
been obtained, the increase in the number of 
extra, chromosomes being associated with corres- 
ponding decreases in stature, vigour, etc., of the 
plants containing them. 

Recent researches in some plants have led to 
the production by artificial means of tetmploids, 
where, instead of the two sets of chromosomes, 
there are four. These that arise by the duplication 
of the chromosomes, are usually bigger in stature, 
more vigorous than the diploids^ and form a new 
species altogether. The.se have been produced 


from hybrids of different species which though 
sterile become fertile by the doubling of the 
chromosome set brought about by suppression of 
tlie cytoplasmic division at meiosis. After repeated 
attempts a successful cross has been obtained 
between two species of Oryza, O. saliva and 
O. Icdifolia, and the production of tetraploids 
from this hybrid is being attempted. This 
attempt, if successful, should prove extremely 
interesting. 

In addition to changes that occur in the whole 
chromosome sets as in the cases mentioned above, 
there can also be changes in the genic make-up of 
the chromosomes, such changes being termed point 
or gene mutations. Treatment of the plants with X- 
rays has been found to be a prolific source for 
producing such changes artificially. The work 
of subjecting rice to X-rays has already begun in 
Coimbatore. Some of the pure lines liave, as a 
result of the X-ray treatments, thrown dwarfs, 
albinos, chlorophyll deficient types, etc., which 
usually occur in the progenies of definite crosses. 
The plants resulting from X-rayed seed are found 
bo be sterile and their cytological studies are 
proving extremely interesting. Among other 
chromosomal disturbances chromosome rings are 
found to occur in the meiosis obviously due to 
reciprocal translocation of parts of non-homologous 
chromosomes. 

Plant breeding as a branch of agricultural 
science stands for producing new crops or plants, 
the introduction of which should bring a greater 
return to the cultivator. It is well to recognise 
that the outlook of the breeder is thus condition- 
ed by restrictions from which pure science, as a 
branch of scholarship, should bo kept free. As 
the previous narrative has shown, rice breeding 
work in Madras has, by the evolution of a large 
number of superior strains and their cultivation 
by the ryots, materially increased the production 
and hence the return to the grower, but due, 
unfortunately, to the present slump in the rice 
market, the position of the Madras rice-grower is 
anything but bright. Prices have gone clown 
terribly and in some cases even to the extent of 
200% over the prevailing prices 3 or 4 years ago. 
Such a fall cannot easily be accounted for. At any 
rate over-production is certainly not yet a contri- 
butory cause. It is hoped that the enquiries of 
the special officer recently appointed for the pur- 
pose will throw light on the problem and result 
in finding ways and means of bringing some 
relief to the rice cultivator. 


Optical Technology 


By Dr. H. Parameswaran, 

TN recent years the sciences have certainly reach- 
-*■ ed a high state of development in India. The 
original contributions, reckoned either by their 
quality or quantity, constitute a record of which 
we could be proud. But when one considers 
the extent of knowledge of a practical character 
that prevails in the country which is necessary 
for the manufacture of apparatus with which 
these researches are carried out, one will make 

* Text of a paper read before the Bangalore 
Easter Science Congress, 1934. 


M.A., Ph.D., B.SC., F.Inst.P. 

rather dismal discoveries. Not only is there a 
complete lack of instrumental skill but there 
is also a sort of contempt for the acquisition of 
that knowledge and skill. There is also a tendency 
to regard such knowledge and skill as purely 
mechanical and unscientific. I do consider this 
tendency highly detrimental to our material 
progress ; the science of Physics comprises also 
applied and industrial aspects capable of extensive 
commercial application and it is high time that we 
concentrate and direct our scientific knowledge to 
. this much-neglected direction and produce results 
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of the greatest economic importance to the 
country. 

I am particularly anxious that I should not be 
misunderstood. Theoretical researches will and 
should be going on under those specially inclined 
for it, but whatever we try to do by spending the 
country’s feeble resources it should be useful and 
calculated to benefit the large suffering population. 

We already see before us the sorry spectacle of 
a modern meclianical civilization coming into 
violent contact with a simple agricultural popula- 
tion. It has just educated them to increase their 
wants for manufactured articles before teaching 
them to manufacture them themselves. We find 
a similar deplorable state of affairs prevailing in the 
field of science as well. To take a simple example 
let us consider the familiar Raman effect. It is 
true it has given us international reputation. But 
it has not served to feed us. It has promoted the 
manufacture of a large number of costly spectro- 
graphs and their accessories in other countries. 
But in our own country it has only helped us 
to increase our imports of these very costly 
apparatus. Although I have the greatest 
admiration for the academic triumphs of our 
countrymen, I cannot but help feeling that some 
at least of these men would have done much 
batter if they had directed their knowledge of 
physical science to the making of these costly 
spectrographs and their accessories. Work of this 
character does belong rightly to men of these 
academic attainments as well for in the design, 
construction, testing and adjustment of these in- 
struments one finds ample scope for every variety 
of scientific knowledge. The very cost of these 
apparatus makes it worthwhile for an M.A. or 
M.Sc., getting in India barely Rs. 50 a month 
to engage himself in producing apparatus costing 
more than Rs. 2,000 a piece. 

In work of this kind I find that the ratio of the 
cost of the finished product to the cost of the raw 
material range anywhere from ten to fifteen. The 
capital outlay required is comparatively small and 
hence particularly suited to small-scale production 
by individual efforts. Tims it is a line most directly 
suited to employ modern scientifically educated 
Indians. But as things are at present in India 
with our education in the universities running 
purely on academic lines divorced so much from 
practical realities with little insistence on know- 
ledge of detail and practical skill, it is almost 
impossible to use the educated material available 
to-day for any such purpose. It affords in away 
an explanation for there being so little of scientific 
instrument making in India to-day notwith.stand- 
ing the enormous scope for it in this country. 

Subjects like high class optical work on which is 
based the construction of spectrographs remain 
practically unknown even in the highest academic 
circles in India. To combat this deplorable posi- 
tion, we, at the Madras Presidency College Physics 
Department, have been devoting some attention 
to Optical as well as other aspects of Instru- 
ment Technology for the last ten years. We 
have been able to develop successful processes 
and methods for the production of high class 
optical surfaces— both large and small, plane and 
curved. There might be a feeling whether these 
products of ours finished by research students as 
by-products of their optical researches are exactly 
equal in quality to those imported from abroad. 
We are quite alive to our imperfections ; at the 


same time the results achieved are very encourag- 
ing and our optical products employed under 
comparable conditions often give pretty much 
the same performance undistinguishahle even by 
experienced workers. 

There seems to be a universal belief even 
amongst scientists that work of this kind is based 
upon a large number of trade secrets. This appears 
to be largely untrue. At the same time it must be 
remembered that every successful work cannot 
but be having its own special processes developed 
by years of experience in the field. Tliese cannot, 
by their nature, be public property. Beyond 
this I do not think there is anything of the nature 
of specially guarded secrets in the optical industry. 

The raw material, optical glass, in any quality 
(dispersion) is easily purchaseable from well- 
known makers like Messrs. Chance of Birming- 
ham. It is different from ordinary glass in that it 
is very homogeneous in composition and perfectly 
annealed to free it from double refraction arising 
from strains. It can be obtained from the 
makers in any size and shape. The next material 
is carborundum powder sold in a variety of 
grades of fineness. By working the glass against 
cast iron tools using a paste of carborundum 
powder and water as abrasive the glass surface can 
be made plane or curved as desired and given the 
requisite degree of fineness. This fine ground 
surface is then rubbed on a surface of pitch tising 
a paste of rouge and water as the polishing 
medium, wliich results in the surface developing 
rapidly a good polish. 

So far the work may be said to be mechani- 
cal and the piece of the article has barely 
doubled the price of the raw material used. Next 
comes the difficult and careful operation of figuring 
which alone gives the finished piece the optical 
perfection and is responsible for its proportionately 
high price. During this operation frequent optical 
tests, involving considerable scientific understand- 
ins: of the factors involved, are required to control 
the work ; and if one fails to make the correct 
interpretations of the appearances and adopt the 
proper remedial measures, articles of the required 
finish and accuracy arc never attained. Foucault’s 
tests for concaves, Newton ’s rings tests for planes 
and complimentary surfaces in contact are fields 
where our graduate physicists can find ample 
scope for the physics they have studied. 

Very many optical pieces that are required in 
such large numbers in laboratories for conducting 
the routine teaching operations do not require 
any very high class finish and figuring and 
they can easily be made in India to-day. Work 
of a higher class, like Interferometers, have also 
been attempted at Madras by special processes 
with considerable success. We have now on band 
a 24-inch diameter glass disc to be made into 
a paraboloidal mirror of focal length 12 feet for a 
reflecting telescope which, wlien finished, will be 
the largest telescope in India. 

A point of doubt which it may be advisable 
to clear, is about the^ relative merits of hand-work- 
ing and power-working. The amount of power 
required for optical work is in any case very very 
small and quite a considerable lot of work can be 
done by hand alone. But the preparation of 
such surfaces like the 24-inch disc is certainly 
hard work for the hand. In such cases, very 
simple inexpensive machines requiring not more 
than one horse power can easily be improvised. 
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The mechanical operations involved in the 
mounting of these finished optical parts into com- 
plete instruments, calls for no great equipment or 
outlay other than that of a modest workshop and 
good scientific guidance. 

Thus, considered in every way optical or instru- 


ment technology seems to h(‘ a, Iiu<* iu whi<*h t he. 
attention of tlie scieutiiically (‘dueated but# 
unemployed in India slioiild g(‘t iiit (‘rcst ial, and it* 
is hoped that in providing tiu‘ iv(‘{*(‘ssar>’ trairi- 
ing the Indian Institute of Scien(‘<‘ will play i(s 
part. 


Science Notes. 


Lady Tata Memorial 2^ rust . — The Trustees have 
announced the award of the following scholar- 
ships for the year 1931-35, on the occasion of 
the third anniversary of the death of Lady 
Tata : — International Scholarships (£ 400 per 
mensem) for research in diseases of the blood with 
special reference to leucaimias— Dr. Walter Bun- 
geler (Free Town of Danzig) ; Dr. Leonid Doljanski 
(Copenhagen) ; Dr. Martin Gril Gordon Israels 
(Manchester) ; Dr. Charles Oberling (Paris) ; Dr. 
Julius Enzelbreth Holm ( Copenhagen) ; Dr. Max 
Otto Kaalund- Jorgensen (Denmark) ; Dr. Bolf- 
Meier (Leipzig) ; Dr. Lucy Wills (London). 
Indian Scholarships. — (Rs. 150 per mensem). 
H. D. Srivastava (Allahabad) ; S. K. Ganguli 
(Calcutta) ; N. C. Datta (Bangalore) ; M. V. E.adha- 
krishna Hao (Waltair) ; M. C. Nath (Dacca), 

A. R. Rajavanshi (Allahahad) ; B. D. Ivochhar 
(Lahore) ; S. K. Mahabaleshwar (Manchester); 
K. N. Gaind (Bangalore) ; and Y. V. Sreenivasa 
Ran (Bangalore). 

* * ^ 

India Institute of the Deutsche Almdemic has 
announced 21 new scholarships for the acadamic 
year 1934*35, for carrying on higher studies in 
various German Universities. The successful 
candidates are:— (1) A. K. Ghose, m.sc. (Chemis- 
try) ; (2) B. C. Roy. B.sc. (Applied Geology) ; 
(3) C. D. Dwarakanath, l.i.m. (Medicine) ; (4) 
S. G. Joshi, M.B.B.s. (Medicine) ; (5) S. K. Sharma, 
M.A. (Sanskrit) ; (6) K. p>. Mukhopadliyay, 

M.A., B.L. (Political Science and Economy) ; (7) 

B. K. Kar, ai.sc. (Botany) ; (S) T. V. G. Menon, 
B.A., B.SC. (Agriculture) ; (9) Y. V. Sreenivasa 
Rau, M.sc., A.i.i.sc. (Plant Physiology) ; (10) Miss 
P. B. Devi, B.sc. (Physical Chemistry) ; (11) 
D. C. Lahiri, b.a. (Medicine) ; (12) T. I.. Kannap- 
panNaicker, m.a , l.t. (Phvsics); (13) S. Vahid- 
uddm, B.A. (Philosophy); (14) I. R. Barua, 
ir.B.B.s. (Medicine); (15) Miss A. M. Jansz, 
B^A. (Economics and Political Science); (10)0. 
Kadambi, m.sc. (Mathematics and Statistics) ; 
(17) A. K. Mitra (Anthropology) ; (18) D. R. 
Mehta, B.sc. (Pharraaceutical Chemistry) ; (19) R. 
Ramamohan Rao, b.e. (Civil Engineering) ; (20) 
A. b. Gupta, M.B.B.s. (Medicine) ; and (21) Scxtya- 
ketu Vidyalankar (History). 

* * 

-Pmtep Sinyh Memorial Scholarships 
(£100 each) tenable at the Indian MilitaW 
A^cademy, DAra Dun, have been awarded to 
Messrs. Muzaftar Khan (Campbellpore) ; Rawind 

Mahomed Sidiq Khan (B.awal- 
pmdi); and Wales (Rawalpindi). 

* * 5|C 

Imperial Institute Aivards . — The Imperial Coun- 
Agricultural Research aw’^ards each year 
one Gold and two or three Silver Medals for 
improvements of distinct merit, in the science 
and art of Agriculture and Animal Husbandry of 
an All-India importance. 


Applications are invibul for th(‘ award ^ of 
Medals during 1935 for Improvaainads in Dairy- 
ing and Care of Animals. All niitri(‘s .shoiilci 
reach the Secretary, ImpcM'ial Council of Agri- 
cultural Research, througli the projxM* ttharund l)y 
the 1st December 1934. Scluululcd foi'ins and 
other particulars can be obtained fronn tin* 
Secretary, .Imperial Council of .\gricnlt ui‘al 
Research, Simla. 

* * 

Colonel Sewell, Lcadei' of Sir John .Murray 
Expedition, and his collea.gues who havt‘ been 
carrying on the Oceaiiogra])hi(‘ Survey of (he 
Arabian Sea since September last, ha v(‘, according 
to a press report, made a si)ccta,cular di.scovcry of 
the existence of a subinai’irui rnountriin range 
running from Thagos Archipedago to Soi'ofora. in 
aline with Cape Guarda .Firi on t-ln^ lOa.st Afri<’au 
Coast. Another submarine rang(‘ \va,s Io<‘at<‘d in 
the Gulf of Oman running from Nort h-Ea.'^t. to 
South-East across the Culf of Ad(‘n. 

Ht Jf! 

A Provincial Reseai'cli (Jommi(t<M‘ wil-h id .-Col. 
N. W. 0. Noel, Director of Agi‘i(uiltur(‘ {ind .\ llh*d 
Departments, as President, ha,s Iumui a.ppoin(.<*d 
by the N.W.F. Province (Jovermnent- with the 
object of preparing Researe.h Siduumvs for (‘on- 
sideration by tlie Council of .Vgricidtural 
Research. The Comnutt.eie will work in close 
co-operation with tlie Im])eria.l Council of Agri- 
cultural Research. 

4 Ht 

A condolence meeting of the St.alT and Student.s 
of the Royal Institute of Sciemag H(>nd)a\ , was 
held on the 16th June to ex])ress d<M‘)) regret and 
sorrow at the sad de.miscM)f Dr. A. N. M(ddnun, 
the ex-Principal of this Institute. Dr. .Mchlriim 
was connected with tlio lnstitu(-e for over 7 v ears, 
and it was under hi.s able guidama* thaJ t 1 h‘ gtuaus 
of scientific research was lir.st laid in t.h(‘ Institute 
in fact in Bombay Presidcuicy. Tht'. Meeting 
passed a vote of condohmeo to tlu* l)(*r*<‘a,v<‘d 
family of Dr. MeJdmm and tlu^ Instltul (‘ was 
closed on the ISth Juno as a mark of r<‘.sp<‘ct. In 
his memory. 

* )|: 

Dr. Mata Prasad, Prof(;.s.sor of l*liy.sical Cliotnis- 
try. Royal Institute of .Srionoo, Itoiiiliii li.ns 
proceeded to England on a six iiumtiis’ Icn vo to 
study the latest technique in X-i-ny Pliotogr.-iiiii v 
and Crystallography, which is his s))eci;.l suh ort 
ofresearch Mr C. L. Mankcnli is now worlbig 
in place of Dr. Mate Pra.s.ad. 

p.Sc.,P.L.S.. Director, Imperial 
Institute of Agricultural Research, Ihi.sa, lias 
mpjp preparatory to r.dirc- 

® cametoPusain 1908 but his sorvi.-os 
as Government Mycologist were lent to Dm 

te iqfq f . He returned to Pusa again 

m 1919 and was appointed Director in 1931 . 
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Salt Maivujaciiire in BeinjaL — The (jovemmcnt 
has issued a statement on the possibilities of salt 
manufacture in Bengal. Tlie principal ]4oint at 
issue is tlie cost of manufacture, as on tlie Indian 
Market, Bengal salt, which as at present manufac- 
tured costs Rs. 3-3-0 to Bs. 3-13- 0 per maund, 
cannot compete with salt manufactured in 
other i^arts of India ; the im])orted salt sells at 
R.S. 2-13-0 to Rs. 3-3-0 jier maund. A new 
method of ])roduction appears to have vast possi- 
bilities. This is based on the procedure now 
adopted in Burma ; pits arc dug in the factories 
situated on the Arakan Coast, and the sea water 
which percolates into tliese possesses a higli degree 
of salinity and this can be profitably utilised for 
manufacture of salt by evaporation. 

* “ >i: ^ 

Life and C()ndiiions of the People of Hind ash ni 
froni 1200-1550 d.2>.— In a paper presented before 
the July Meeting of tJie Asiatic Society of Bengal, 
K. M. Ashraf ha.s given an account of tlie social 
life in Northern India under the Muslim Sultans 
of Delhi before Akbar. For the collection of the 
data tlie author has made use of copious materials 
scattered in various iVrabic, Persian and Nagari 
works, comiDrising surveys of general and special 
liistories, accounts of travellers, books of poetry, 
folklore and fiction, legal compendiums, mystic 
literature and works on ethics, politics and various 
practical arts. The thesis is of interest for the 
understanding of the social interactions of Hindus 
and Muslims during the first period of their con- 
tact in Northern India and provides a proper 
background for the study of the later social 
developments. 

;1< ^ 

“ Science ” reports that the Sixth International 
Congress on Industrial Accidents and Diseases 
offers a prize of 1,000 Swiss francs as an award to 
the author of the best (unpublished) original 
work on the subject The Imx:)ortance of Previous 
Physical Condition in Estimating the Sequelae 
of an Industrial Accident Physicians in all 
countries are permitted to take part. Manuscripts 
must boon hand by 31st December .1934. The 
awa.rd will be made at the time of the vSeventh 

Congress to be held in Brussels in July 1935. 

* * 

The Raja of Sarawak, Sir Charles Brooks, has 
given £ 20,000 towards the Fund for building a 
permanent and self-supporting Imperial Forest 
Research Institute at Oxford. The proposed 
Imperial Forest Institute will be of great assist- 
ance in developing the timber resources. It is 
stated that at present 80 per cent, of the supplies 
come from foreign countries. Tlie Institute will 
])rovide facilities for studies to the officers of 
different Forest Departments. 

* * :jc 

Lighting for C times [Illunilnation Research Tech- 
nical Paper No. 15 y His Majesty's Stationery Office 
(Price Sd.)]. — ‘‘This report describes the investi- 
gations to discover the most satisfactory system of 
crane lighting both from the point of view of the 
crane driver and of the workers on the quay by 
combining so far as possible adequate lighting 
with absence of glare. 

While the paper itself is concerned only with 
shore cranes, it may often be both possible and 
desirable to apply the conclusions readied in 
other directions also.” 

H« Hs 


Eradicaiiov of M'aier Hyacinths by Spraying.— - 
Mr. Subimal Bose of Calcutta, the discoverer of a 
new' spraying preparation for the eradication of 
the pest, has been carrying out several successful 
demonstrations in and around Calcutta. When 
sprayed on the plants, the leaves and stems 
wither in about a week and the plant dies after a 
fortnight. The prepa.ration appears to be free from 
ingredients endangering the life of men, animals 
or fish, and can be produced at a small cost so as 
to be within the reach of even poor cultivators. 

According to M r. Bose a sj^raying solution was 
prepared by Mr. T. S. (Iriffiths in 1921 for the 
eradication of water Iiyacintli. A C'ommittee of 
Scientists who tested Mr. Grilfiths’ preparation 
opined that its value was doubtful. 

S|« 

A Ttoin Boll of Colton. — Mr. B. S. Nigam, Agri- 
cultural College, Cawnporc, wultes to us about an 
unusual case of a twin boll of cotton wliich he 
observed a few weeks ago. “ Cotton plant is 
known to produce single loculicidal capsules 
from solitary flowers. While passing tlirougb 
a field of cotton the author chanced to notice 
a twin capsule. Botli the capsules were borne 
on a single peduncle and dehisced as usual. 
The twin had two whorls of epi calyx. Each 
capsule liad four compartments. Tliose on the 
inner side were smaller in size than the outer one. 
There were 33 seeds in both the capsules ; 18 and 
15 respectively. ” 

sje s!< >lt 

Change of Sex iti the Male Plants of Carica. 
papaya^ Wild, by 'Decapitation.— Mr. G. P. Mujura- 
dar, Presidency College, Calcutta, in the course of 
a communication on the subject, writes, “ In the 
May issue of Current Science (3 934, 2, 428), 
Mr. vS. Sarup published a note on ‘ Sex Control in 
Piipaya Evidently be thought that his was the 
second report of the phenomenon, the first being 
made by Wilcox in 1915. Reyes, how'ever, pub- 
lished a paper in 1925, and as early as 1930, I read 
another paper, for the first time in India, before 
the Botany Section of the Indian Science Congress, 
in which I pointed out from my own observation 
that (1 ) this method of changing sex in papaya is 
to some extent successfully practised in Deoghar 
(Bibar), (2) the best results are seen in trans- 
planted plants, and (3) sometimes relocated 
toppings arc necessary to efinct the desired 
change. 

In one respect, howevei', Mr. Sarup’s paper is 
interesting. He reports cent per cent success, 
and his plants were transplanted ones. Thus he 
supports my second observation. The very small 
percentage of success in tlie Hawaii Experiments 
only 2 out of 22 and 83 plants might be, it seems 
to me, duo to the experiments being carried on in 
non-transplanted plants, ’ ’ 

^ ^ >i« 

A Ciirio us Abnormality in Rose.-— Mr. S. Sarup in 
a communication describes a curious abnoimality 
he observed in a garden at Jodphur. He says. 

The rose flower bad been pierced by the axis and 
the axis bad continued its growth after that, 
producing three leaves at the first node about 
24 cms. above the insertion of the flower. At the 
second node 4 cms. higher up another lea.f was 
produced. The axis then terminated in a flower. 
The leaves were all perfectly developed. The 
flower that had been pierced consisted of the 
usual number of seioals, one recurved and five 
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petals. TJio petals were about 3 crus, long- and 
appeared to clasp the protruding stem.^ The 
internodes between the insertion of the pierced 
flower and the first node a.b(we being shorter in 
length than the petals, the three leaves arising 
at this node appeared to come out of the flower. 
One petal, liowever, had opened out. There was 
no trace of the presence of the essential oi'gans. 

The midrib, the veins and the margin of the 
leaves above the pierced flower had the same pink 
colour as the petals. Under reflected light the 
whole leaf gave the pink iiue. This was not 
the case with the leaves below the pierced flower. 
The axis had continued its growth to produce the 
leaves and another flower.” 

» * * 

Tetrahedrite as a Silver Enrichment Mine- 
ral', — Mr. S. Krishnaswainy, University College, 
Rangoon, writes: — “Prom time to time many 
investigators scattered the world over, have 
shown that the silver-content in many ore- 
bodies have become appreciably augmented when 
some sulphides like the pyrites, tetrahedrite, etc., 
are found in association with the silver ore- 
minerals. 

In 1931 , w-hile studying some Burma Argenti- 
ferous Galena ores under the Metallographic 
Microscope, by the polished Ore-methods it was 
noticed, that tetrahedrite was functioning in the 
case of the Burma ore as a silver- enricher. 
So to vsay, wlierever the Argentiferous Galena Ore 
was found accompanied by tetrahedrite, the 
silver content of such ores were appreciably 
more than the average normal assay value for 
such ores occurring in the same lode but un- 
accompanied by the presence of tetrahedrite.” 

* ♦ 
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First Over Everest — The I-Iouston- 
Mount Everest Expedition, 1933. By Air- 
Commodore P. F. M. Fellowes, d.s.o., L. V. 
Stewart Blacker, o.b.b., p.s.c., Colonel P. T. 
Etliertou, and Squadron Leader the Marquess 
of Douglas and Clydesdale, m.p. (John Lane, 
The Bodley Head Limited, London.) 

“First Over Everest” is the official 
account of the Houston-Mount Everest 
Expedition of 1933. The plan of an expedi- 
tion by air against the mountain was submit- 
ted by Major Blacker of the Indian Army in 
March 1932 to the Eoyal Geographical 
Society of London and in April 1933, two 
Westland planes flew over Mts. Everest and 
Kanchenjunga at a height of 32,000 ft. 
The maturing of the plan, the development 
of the organisation, the preparation for the 
flight, and the actual carrying out of the 


enterprise are fascinatingly told in this 
volume. 

The scientific object of the expedition 
“ consisted in a demonstration of mapping 
by air survey methods, of the inaccessible 
cliffs, glaciers and valleys of the southern 
side of Mount Everest. Tlie aim was not 
so much to produce an extensive map of any 
immediate practical utility, as to demon- 
strate to the world, especially to tlie non- 
technical portion of it, the relative quickness 
with which such a map might be made of a 
region forbidden to ground methods not 
only by policy, but also by the physical 
obstacles of the country.” To take good 
survey photographs from the air in a clear 
atmosphere over a level country is a compara- 
tively simple matter, but over mountainous 
country with varying distances of the earth’s 
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surface from the plane and with the possibi- 
lity of unexpected bumps that might make 
it impossible for the pilot to keep the plane 
on a level keel is much more difficult. In 
the present instance, owing to the excep- 
tional height and steepness of much of the 
ground, the vertical photographs had to be 
supplemented by a series of oblique photo- 
graphs with known tilts of the camera both 
vertically and horizontally. 

Because of this difficulty, the photographs 
obtained in the first flight were, from the 
survey point of view, so unsatisfactory that a 
second attempt had to be made. To add to the 
difficulties, the atmosphere of North India 
in April and May is often covered with thick 
dust-haze to a height of about 19,000 ft. 
which makes it difficult even with modern 
infra-red Aims to get good pictures of known 
ground features which would serve as refer- 
ence marks. 

The expedition fully realised that the 
success of the enterprise depended mainly 
on the favourableness of two meteorological 
factors — clouds and haze over the terrain 
and the force of the wind. During the 
montli of April in which the flights were 
carried out. North India is periodically tra- 
versed by a more or less regular series of 
atmospheric disturbances travelling from 
West to East which cause cloudy weather 
and exceptionally strong winds at different 
stages of their passage over a place. It was 
also known from previous studies of winds 
over North India that tlie most frequent 
wind speeds over Everest would be as high 
as 60 to 80 miles per hour and that they 
would often exceed 150 miles per liour. 

To meet the special requirements of the 
flight, the India Meteorological Department 
set up two pilot balloon stations at Darjee- 
ling and Purnea (the base of the expedition) 
and arranged to send special forecasts of 
general weather and strength of upper winds 
from their office at Calcutta. 

With regard to the information supplied 
by the India Meteorological Department, 
the authors write: In addition, every 

evening the weather bureau at Calcutta 
telegraphed us at 21-30 hours, giving infor- 
mation of the general weather condition 
along the Himalayas and a forecast of what 
might be expected in the Mt. Everest region, 
especially as regards clouds and haze, and 
finally an estimate of the direction and 
velocity of the wind current to be expected 
at various heights up to 10 km. 

The accuracy of the information contain- 


ed in these telegrams was remarkable and 
made it possible to plan the flying 
operations the next day, after they had been 
studied in conjunction with the balloon 
observations taken locally by Mr. Gupta 
(Upper Air Observer at Purnea). The flight 
to Mt. Everest was carried out with this 
information and the results of it, particular- 
ly the drift and measurement on tlie drift 
sights, confirmed to a remarkable degree both 
the observations and forecasts of the 
meteorologists.” 

I am tempted to add two more meteoro- 
logical quotations, one on the ^ plume ’ of 
Mount Everest and another on the experi- 
ence of some of the fliers in a North Indian 
dust-storm. 

^^From the Moths we had seen what 
previous explorers had called the ^ plume ’ of 
Mount Everest and had somewhat readily 
taken it for granted that it was merely a 
cloud, of which the component particles 
would naturally be frozen, and similar to 
that one usually sees in the vicinity of high 
mountains. 

Kanchenjunga, for instance, was seldom 
without such a cloud wreath throughout 
April. 

When, however, the machines actually 
went into it, we realised that it was some- 
thing quite different to what we had 
conceived. Here was no drifting cloud 
wisp, but a prodigious jet of rusliing winds 
flinging a veritable barrage of ice fragments 
for several miles to leeward of the peak. 

The force of the rafale was indeed so 
great as to crack tlie celastroid windows 
of the Houstoii-Westland’s rear cock-pit. 
We soon realised, too, that this ^ plume ’ 
could not be composed of frozen matter 
carried over by the blizzard from the wind- 
ward face, for the reason that the wind- 
ward faces, that is, the western side, were 
practically bare, as may be seen from the 
photographs. ” The authors suggest that 
the phenomenon is due to an overfall of the 
winds over the crest of the mountain, giving 
rise to a zone of reduced pressure on the 
leeward side tending to draw up the air 
from the Tibetan side and with it great 
masses of old snow and fragments of ice. 

Here is a description of the fliers’ experi- 
ence of a dust-storm. We had risen high 
above the Agra plain and were some 70 
miles on our way (to Jodhpur) when in the 
far distance a mighty wall seemed to rise 
sheer out of the earth, a barrier that 
mounted higher and higher and became 
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ever more thick and menacing, as though 
it would say ‘ thou slialt not pass h We 
pressed on to meet the challenge, rising still 
higher until the altimeter registered 12,00D 
feet; but we might as well have risen to 
the stratosphere in the effort to get clear of 
the enemy, for the dark brown w^all rose 
higher than we did, its vanguard was 
already in touch with us, whistling and 
howling around our tiny aircraft like a 
legion of devils. 

It was getting black as night, nothing 
was visible but the rampart of dark brown 
dust .... McIntyre never hesitated ; he 
knew that the sane thing to do was to turn, 
and flying before the storm, make for the 
landing ground at Agra. 

‘We swirled along, slap-dash we burst into 
the very thick of the pursuing storm ; gusts 
of the typhoon seemed to leap over us like 
harlequins in a pantomime .... On we 
went gaining on our pursuers and getting 
into a clearer atmosphere, but always with 
the storm close behind us, its force mobilis- 
ed and trying once for all if it could not, by 
a tremendous effort, drive us from the air 
and sweep us off the face of creation. It 
very nearly succeeded ; only the skill of the 
pilot saved us 

“ We stayed the night at Agra, leaving 
again the next morning in a glowing light, 
an atmosphere of calm beatitude, without 
the faintest indication of the scenes that had 
been enacted the previous day.” 

The expedition successfully accomplished 
its task. It obtained all the photographs 
it wanted, and demonstrated to the world 
what modern aircraft, when used witli 
understanding and pluck, could achieve. In 
addition to the geographical, meteorological, 
photographic and general aviation informa- 
tion set out in the book in a most interest- 
ing manner, there are interspersed through- 
out the book many shrewd remarks about 
the habits and customs of the people in 
India and other countries through which the 
planes dew. The book is illustrated with a 
large number of maps and beautiful photo- 
graphs of Himalayau scenery. 

K. K. E. 


Chemical Engineers’ Hand-Book. Bditor- 
in-Chief, John II. Perry, assisted by 60 
specialists. Ghemical Engineering Series, 
30 sections, 2600 pages, 4-^ x 7, semi-flexi- 
ble, thumb-indexed. (McGraw-Hill, 1934.) 
$9-00. 


The volume is produced on the same 
lines as Mark’s Meehanical Engineers'' Hand- 
hiwlc and Fovvle’s Standard Handbook for 
Eleclrieal Engineers^ and embodies all the 
features, such as specialist contributors, con- 
cise presentation, attractive get-up, etc., that 
have contributed to the success of these 
Handbooks. The chemical engineer can at 
last find in this work a reliable source of 
information where a mass of theoretical and 
operating data representative of present- 
day practice is ably collated and presented 
under conveniently divided sections. The 
sections are well planned, comprehensive 
and readable, so that a perusal of the rele- 
vant section would be one of the best short- 
cuts for the busy engineer desiring an 
authoritative survey of information concern- 
ing any of the unit operations. While the 
allotment of space for the various sections 
is generally satisfactory, one would desire 
the sections on Evaporation, Materials of 
Construction and perhaps also Drying 
enlarged to roughly twice their present bulk 
so as to include the Hausbrand type of cal- 
culated data as also operating data of the 
kind found in the section on Crushing, 
Grinding, and Pulverising. If curtailment 
in other directions is essential, some of the 
larger sections (those on Physical and Che- 
mical Data and Eefrigeration may be men- 
tioned) could be reconsidered with a view to 
abridgement. In Physical and Chemical 
Data one is apt to look for particulars of 
technical chemicals as to, say, availability, 
commercial grades, methods of purilication, 
principal uses, etc. Plow sheets of impor- 
tant industries would form a higlily useful 
addition to the section on Physical and Che- 
mical Principles. The utility of the entropy 
charts found in the latter section would be 
much enhanced if these were reproduced to 
larger scale and collected at the end of the 
volume together with other charts of general 
interest, sucli as Grosvenor and Mollier 
psychrornetric charts dealing with the prin- 
cipal industrial gases. Information concern- 
ing protective coatings is lacking. An 
entire section dealing with high temperature 
operations is missing^ as it were ; at any 
rate the sub-section on Eadiant Heat Trans- 
mission could be expanded to comprise fur- 
naces and kilns, refractories, thermal insu- 
lation, etc. Probably as a result of the 
rational classification employed, overlap- 
ping of subject-matter is negligible for a 
work of this nature. Electrometric pH 
measurement described in the section on 
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Electrochemistry ouglit to find its appro- 
priate place, together with an account of 
the colorimetric methods and automatic con- 
trol devices, in the section on Measurement 
and Control of Process Variables. 

It would serve no useful purpose to com- 
pliment in any detail the editor and colla- 
borators for the remarkable book they have 
offered the profession at the first attempt. 
Particular credit is due for the masterly 
presentation of data collected from diverse 
fields of knowledge, for a casual glance at 
the pages is sufficient to indicate the great 
number of fundamental sciences that the 
chemical engineer has to keep in touch with 
unlike the case of other engineering profes- 
sions. Chemical engineering need no longer 
be regarded as has been done till recently 
even in advanced countries like Germany 
as Maschinenlcunde fur Cliemiker. In seve- 
ral sections there are evidences of the 
authors having waded through a mass of 
available data or scores of commercial types 
of equipment before presenting the basic 
principles in a convenient form. We shall 
confidently expect to find the Handbook 
in the possession of every engineer, every 
executive and, particularly, every student 
no matter however remote his connection 
with chemical or physico-chemical technical 

L. G. Eao. 

An Introduction to the Biochemistry 
OF Nitrogen Conservation. By Gilbert 
J. Fowler, d.sc., f.i.c., pp. vi+280. (London, 
Edward Arnold & Co., 1931.) Price 12^. 6d. 
net. 

The monographs appearing in recent years 
can be classed under two main heads : (1) 

those which are of the nature of compila- 
tions dealing with vast amounts of matter 
and ending with extensive bibliography, and 
(2) those which relate, almost exclusively, 
to the author’s work and those of his asso- 
ciates. In the former, the individuality of 
the author is practically lost while, in the 
latter, the reader is constantly reminded of 
the fact that the author is largely responsi- 
ble for the development of the subject with 
which he deals. Dr. Fowler’s monograph 
modestly titled An Introduction”, be- 
longs definitely to the latter class. 

The introductory chapter opens rather 
dramatically with some of the author’s 
earlier experiences with the highly explosive 
nitride of silver and then leads on to the 
quieter activities of nitrogen with which 
the author has been associated in the later 


years. After this, the reader is acquainted 
with the principles of biochemical technique 
and then taken, through easy stages, to a 
detailed study of the various nitrogen trans- 
formations in the soil, the manure Iieap, 
the sewage tank and the filter bed. This is 
followed by a brief chapter touching on 
certain aspects of nitrogen assimilation by 
plants and then by a large section dealing, 
in detail, with the practical applications of 
scientific research to the making of compost, 
purification of sewage and increased crop 
production. The importance of nitrogen 
is stressed at each stage and various sug- 
gestions made for the conservation of that 
element under dilferent conditions. The 
text is followed by appendices providing 
useful data relating to human physiological 
wastes and to nitrogen production and con- 
sumption with special reference to India. 

The most interesting portions of the book 
are those which relate to the author’s own 
contributions to the development of the 
Activated Sludge Process of sewage purifi- 
cation and to the disposal of various forms 
of solid wastes. These sections have been 
presented in a highly lucid, and at the same 
time, quietly confident strain which is 
invariably associated with thorough mastery 
of the subject. The related chapters are well 
worth the study of not only those who wish 
to be introduced to that subject, but also 
those who wish to specialise in it. A num- 
ber of practical suggestions based on the 
author’s experience have also been given 
which are well worth extensive adoption. 

No human performance can ever claim to 
be perfect and Br. Fowler’s monograph is 
no exception to the rule. Some of the 
sections of the book, particularly those 
relating to the chemistry of the various 
processes, have not been presented with that 
intimacy of knowledge which characterises 
the other portions. The chapter relating to 
assimilation of nitrogen by plants is not so 
complete as one would wish. The section 
relating to chemical principles and bacte- 
riological methods is too elementary for those 
who know something of those subjects and 
too technical for those who seek initiation 
into them through the medium of this book 
so that those pages would possess practi- 
cally no interest to a large section of readers. 
Eeferences to literature are incomplete and 
in some cases a little far-fetched. In many 
cases, old researches have been cited while 
more accurate later work receives no men- 
tion. In certain lines, the references have 
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been largely confined to those of the author 
and his associates while similar and even 
more exhaustive researches conducted in 
other parts of the world are not cited. This 
is probably due to the natural desire of the 
author to refer only to those pieces of work 
with which lie is intimately acquainted, 
but it is hardly likely that such a view will 
be shared by a large section of readers — 
especially those residing outside India. It is 
hoped that these defects would be attended 
to when the second edition is prepared. 

The book is written in excellent style and, 
as distinct from many other monographs of 
the present day, is eminently readable. 
The printing and the binding leave nothing 
to be desired. The publishers deserve to be 
congratulated on their excellent production. 


An Introduction to Biology. By Elbert 
C. Cole, Ph.D. (John Wiley & Sons, New 
York, Inc., Chapman & Hall, Ltd., 11, 
Henrietta Street, Covent Gardens, London. 
xiii + 49(> pp. 1933.) Price 11s. net. 

This is one of the finest text-books on the 
subject of biology and we have pleasure in 
recommending its use in all schools and 
colleges where biology forms an integral part 
of tiie curriculum of studies. The book, 
according to the author, is intended to 
provide material for a full year's course; 
but under the conditions prevailing in the 
Indian Schools and Colleges, where liardly 
two hours in the week are devoted in tlie 
Time Table to the teaching of the subject, 
we should regard it safe that the topics dealt 
with in the book, had best be treated as a 
two years’ course. Almost all the Indian 
Universities have included biology in their 
syllabuses — though the University of Delhi 


thinks that the subject is in the nature of a 
luxury, — and wc can hardly think of a better 
book for the Intermediate course at which 
stage, the pupils establish specific interests 
in their academic career. No educational 
programme can be sound which omits 
biology from its purview and both for 
information and discipline, it is inferior to 
none of the other scientific subjects. We 
would go a step further and stress tlie point 
that every citizen needs training in biologi- 
cal subjects for the proper and efficient dis- 
charge of his duties and responsibilities as a 
municipal member. 

Among other interesting topics dealt with 
in the book, the author gives prominence to 
the similarities of organisms in structure 
and function, the dependence of the 
organisms upon one another and upon the 
inorganic world, their economic importance, 
and the phylogenetic relationship. The 
section on the control and improvement of 
organisms, contains a great mass of informa- 
tion of intimate practical interest both to 
the Government and to the people and in 
these days of unemployment among the 
educated communities, a knowledge of the 
improvement of organisms might offer 
avenues of fruitful occupation, provided the 
young men have sufficient enterprise and wil- 
lingness to work in other than routine fields. 

The book provides practical guidance to 
teachers of biology and every chapter closes 
with a beautiful summary of the subject, 
Students are given projects and also refer- 
ences to other works for additional studies. 
All technical terms are defined correctly and 
briefly in simple terms. The illustrations 
are sumptuous. The book is typical in every 
respect. It provides sufficient material for 
selection suitable to Indian conditions. 


Forthcoming Events. 


The Bangalore Educational Association . — Tlie 
Educational Week Celebrations, 1934, including 
the Educational Exhibition, will commence on 
the 11th August 1934. Amin-ul-Mulk Sir Mirza 
M. Ismail, Kt., o.b.e,, will inaugurate the Week. 


Lectures on Theory of Electronic Valency. — Dr. 
T. S. Wheeler will deliver a series of lectures at 
the Royal Institute of Science, Bombay, on every 
Saturday during the current term. 
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From Pusa to ... ? 

npHE disastrous earthquake of last January 
broiiglit with it a chain of problems not 
the least important of which is the future 
location of the Imperial Institute of xigri- 
cultural Eesearch now situated at Pusa in 
Bihar. The buildings of the Institute were 
badly damaged by the earthquake, so, on 
tlie recommendation of their experts, tlie 
Government decided to abandon them and 
construct new ones in the neighbourhood of 
Delhi. This decision, wliicli would involve 
far heavier expenditure than repair to the 
old buildings, has now met with considerable 
opposition. Tlie controversy has indeed 
assumed such serious proportions that not a 
day passes without some communication to 
tliepress-an important interview, resolution 
passed at a public meeting or proceedings of 
a lively discussion at a council of legislatures. 
Althougli the social, the economical and the 
political aspects of tlie question are now 
being hotly debated, yet very little is lieard 
regarding the technical considerations which 
pi'ompted such a decision. In fact, the 
scientihe opinion of the country has hardly 
expressed itself on this liighly important 
question. It is onr present object, therefore, 
to view the position mainly from tlie scientilie 
standpoint and to consider the possible 
inilnence of tlie projiosed transfer on tlie 
pj’Ogress of agricultural science in the 
country. 

It is argued by those in favour of the 
transfer tliat Pusa being in the lieart of a 
region frequently subject to earthquakes, 
more shocks might follow in tlie future and 
the entire building might soon collapse 
causing considerable loss of life and property. 
This danger can be eliminated by trans- 
ferring the Institute to Delhi. Purtluu'more, 
the transfer will remove certain disabilities 
from which tlie Institute sulTiuTd in tlie 
past. The soil conditions in the nciglibonr- 
hood of Dcllii will be mon^. represen taliive of 
the Indo-Gangetic plain than the naturally 
ricli tracts of Pusa. The Institute will also 
be more accessible and bring tlie officers into 
better contact with legislators, agriculturists, 
industrialists and others visiting Delhi from 
time to time. 

x\mong tliose who are opposed to the 
transfer, (1) a large nninber are dennitely in 
favour of retaining the Institute at Pusa 
itself after strengthening the buildings in 
such a manner as to withstand future 
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sliocks; (2) some are for distributing the 
activities between different centres ; and (3) 
others are for shifting the Institute to the 
neighbourhood of a centre of scientific 
learning like Allahabad, Bangalore, Bombay 
or Calcutta. The first group of opponents 
point out that, in recent years, a 
number of building materials liave been 
discovered which can withstand earthquake 
shocks. Buch materials can be used for 
repairing and reinforcing the buildings at 
Pusa. They also hold that Pusa has always 
been accessible to those who are interested 
and that the soil conditions at Pusa are not 
greatly different from those prevalent else- 
where. The second group argue that India 
is a vast agricultural country with varying 
soil and climatic conditions, so that no 
single institute situated anywhere can 
adequately meet the needs of the whole 
country. They plead therefore for a 
number of research institutions distributed 
throughout the country. The last group 
agree that Pusa is not suitable but point 
out that Delhi is also unsuitable. The 
scientific workers require isolation and 
peace rather than the crowded and disturbed 
atmosphere of a political centre. They 
favour, therefore, the transference of the 
Institute to the proximity of a centre of 
learning where a scientific atmosphere 
would prevail, where there is likely to be 
the least disturbance at work and minimum 
interference from those in power. There 
is something to be said for each point of 
view, so all the facts should be taken into 
consideration before arriving at a decision. 

Before taking up a discussion of the 
various technical points at issue, it would 
be of some assistance if we could define, in a 
general way, the objects of the Institute, 
and the type of facilities that are required 
for carrying them out. It is true that for a 
long time, the Pusa Institute, with its 
various sections and sub-sections distributed 
in the different provinces of the country, 
was the only centre of agricultural research. 
Problems of not only All-India character but 
also those of provincial interest had there- 
fore to be investigated by the Institute. 
Post-graduate training in agricultural science 
had to be imparted and the staff of the 
newly created provincial agricultural depart- 
ments trained in methods of research. To- 
day, the conditions have greatly altered. 
Most of the provincial departments have 
been adequately organised and are in 
charge of competent men who could deal 


with all the local problems. Many of the 
Universities, as also research institutes, have 
organised post-graduate training in different 
branches of agricultural science so that the 
need for special courses of the type that 
was in vogue in the past has also greatly 
disappeared. Even problems of all-India 
character which the provincial departments 
cannot adequately handle are fast diminish- 
ing, so the Institute is now largely free to 
devote itself to problems of fundamental 
interest. In view of the importance of this 
type of work and the misconception that 
generally prevails regarding the utility of 
fundamental research, we wish to deal with 
it at some length. 

The history of the development of scientific 
agriculture, as also any other branch of 
applied science, shows that the most impor- 
tant discoveries are made not by those 
working on fields or in factories but by pure 
scientists who plod in the seclusion of 
laboratories and pot-culture houses for the 
mere sake of small additions to knowledge. 
Those engaged on field work or factory 
operations are largely concerned with the 
immediate problems of their work and cannot 
find either the leisure or the opportunity to 
think out new ideas and to investigate tlieir 
possibilities. On the other hand, the pure 
scientist has very few such worries and has 
often the freedom to think boldly and the 
facility to work out his ideas irrespective of 
cost or considerations of immediate return. 
Most of his researches may be of purely 
academic interest, but a single accidental 
finding with a new idea for its background 
may lead to the most far-reaching develop- 
ments and thus make up thou sand- fold for 
all the failures in the past. Such is the 
value and significance of fundamental 
research conducted by right men in the 
right environment ; such is the right spirit in 
which agricultural research is being carried 
out at Eothamsted and other leading experi- 
mental stations of the World ; and such 
should be the ideal before those in charge of 
the destinies of the Imperial Institute 
of Agricultural Eesearch. Administrative 
routine and commercial enterprises should be 
reduced to the minimum and the research 
workers given ample freedom and facilities 
to devote themselves to fundamental 
research. 

Let us now proceed to critically examine 
the various suggestions that have been made 
and to determine how far they would help 
towards the attainment of the ideal before 
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US. Taking first the suggestion that a 
number of research institutes should be 
created, we sliould agree that it would be 
quite useful to have them, tliough not for 
the jiurpose intended by some of tlie propos- 
ers. There is ample scope for several lines 
of fundainantal research but there is no 
need to duplicate the advisory work now 
conducted by the provincial agricultural 
departments. x\s for the proposed distribu- 
tion of work between different provincial 
centres, it is highly undesirable. The 
different sections should be together at one 
place so that the workers may have opportu- 
nities for meeting eacli other and discussing 
problems of common interest. 

Assuming that, at least for some time to 
come, there will be only one Imperial 
Institute of Agricultural Research, we shall 
next consider the typo of facilities required 
for conducting fundamental work of a high 
order. Firstly, the Institute should be 
situated in a healthy locality which enjoys 
a salubrious climate. From this point of 
view there is not much, to choose between 
Pusa and Delhi. Both tlie places arc as 
good or as bad as most other places on the 
Indo-Gangotic plain. If a better climate is 
sought, the claims of Dchra Dun, Poona or 
Bangalore will come for consideration. 
Secondly, tlio buildings should be safe and 
there should be no fear of danger to life and 
property. An unsoiiud building in an area 
susceptible to frequent oarthquak(i shocks 
lias an advei’so effect on the morale of the 
workers though there may be no real danger 
for several decades to come. Before con- 
demning the present buildings at Pusa, 
however, every cifort sliould bo made to 
strengthen them. Keinforced concrete is 
suggested a.s a suitable material for 
safeguarding tlie buildings against future 
shocks and it is for the experts concerned 
to conduct some rigorous tests with that 
and other materials before pronouncing the 
buildings to be beyond tlie stage of repair. 
Thirdly, there sliould be ample laboratory 
and library facilities. These are now being 
liberally provided by the Imperial Institute 
and wiil continue to bo available irrespective 
of location. Fourthly, there should be a 
proper scientific atmosphere both in and 
around the place. This is of the greatest 
importance if work of high order is to be 
turned out. The scientific atmosphere of a 
place is partly due to tradition and partly 
to the example of some of the senior workers. 
Even a small band of enthusiasts with proper 


scientific outlook can infuse new spirit into 
a place and impart new traditions. Equally 
important is the scientific atmospliere around 
a place. There should be in tlie neiglibour- 
hood a number of research institutions 
devoted to other branches of science so that 
specialists in different fields will have oppor- 
tunities to meet each otlier and discuss 
problems of common interest. Contact with 
workers in other fields widens one’s outlook 
and facilitates better understanding ol sci- 
entific problems. It iiiCuses a spirit of com- 
radeship and leads on to co-operative under- 
takings in wliich specialists in different lines 
join together in the investigation of problems 
of common interest. It even promotes a spirit 
of healtliy rivalry which is highly desirable 
and lielps to draw the best out of the 
workers. It is indeed this apparently vague, 
but nevertheless real, scientific atmosphere 
whicli is the secret of the success of most 
of the leading scientific institutions of the 
World. Judged from this point of view, 
both Pusa and Delhi will stand condemned. 
Pusa itself is isolated and tlie nearest centre 
of learning is Patna, a good distance away, 
on tlie otlier side of the river. Calcutta is 
still farther away and a long and expensive 
journey has to be undertaken to reach it. 
Benares and Lucknow arc also a long way 
off. Coming to Dellii, it is undoubtedly a 
great political centre. Members of legislature 
and other leading citizens of the country 
visit the place from time to time. Meetings 
of the Advisory Board and the scientific 
committees of the Imperial Council of Agri- 
cultural Eescarch are also being held there 
at least once a year. In spite of these 
associations, Dcliii lias yet to bnild up 
a scientific atmosphere. The Colleges in 
Dellii liavc, unfortunately, very few faci- 
lities for scientific research, so naturally 
much should not be expected from tlie Uni- 
versity. Among the other centres of learning, 
Agra is some distance away; Lahore and 
Allahabad are farther still so that Delhi 
may also be regarded as isolated from the 
scientific point of view. If a transfer is 
decided on and if the value of proper scientific 
environment is taken into consideration, the 
Institute should be removed not to Dellii 
but to the neighbourhood of Allahabad, 
Bangalore, Bombay, Calcutta, or Lahore any 
one of wliich wmiild be found more suitable. 

In a vast country like India, no single 
place can be regarded as being easily accessi- 
ble from all the provinces. If Delhi is easily 
accessible from the Punjab, Bombay, Central 
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India and certain parts of the United 
Provinces, Pusa may claim to be accessible 
to Bihar and Orissa, Bengal, Assam, parts of 
Central Provinces and a large section of the 
United Provinces, Both the centres may, 
on the other Iiand, be regarded as being 
inaccessible to Madras, Mysore, Hyderabad 
and South India in general. Thus, the 
charge of being inaccessible may be levelled 
against any place in India so that it is not 


quite fair to condemn Pusa mainly on that 
account. The things that really matter are 
good facilities, right talent and proper 
scientific atmosphere : if these are ensured, an 
institute situated even in the most obscure 
corner of the country can come to the fore- 
front, and attract visitors not only from the 
whole of India but other parts of the World 
as well. 

V. S. 


The Malarial Parasites of the Oriental Monkey, Silenus irus 
By Lt. Col. J. A. Sinton, I.M.S. 

[McHarla Survey of India.) 


cannot fail to be struck, in any study 
^ of the literature on malaria, by the 
paucity of the experimental evidence in 
support of many of the tlieories put forward. 
This is mainly due to the fact tliat all 
attemi^ts to infect any of the common 
laboratory animals with the Plasmodia of 
human malaria have proved unsuccessful. 
Although much information has been 
gatliered from the researches into avian 
malaria, there are many disadvantages and 
limitations in this work. Moreover, it is 
sometimes difficult to say exactly to what 
extent the results obtained are applicable to 
the human problem. 

The discovery of the value of malarial 
infection in the therapy of certain nervous 
disorders, has opened up a wide field for 
gathering invaluable experimental evidence. 
Even under these more satisfactory con- 
ditions, the fact that human infections 
cannot be allowed to run their natural 
course, in many instances, restricts the 
usefulness of this line of investigation. 

The monkey is the only one of the 
mammals commonly used for experimental 
work, in which the presence of natural 
malarial infection has been confirmed. The 
fact that such infections occur in a Primate 
host, suggests that the investigation and 
study of these conditions would give results 
more comparable with human infections 
than could be obtained with the avian type 
of disease. That malaria in monkeys might 
provide very valuable material to the 
malariologist, has long been borne in mind 
by workers in India. 

Very many attempts made by them to 
discover such infections in the common 

* Sinton, .T. A., and Mulligan, H. W., Rec. Mai. 
Survey India, 1932, 1933 A, 3, 357-414 : 1933 B. 3, 
719-808. 


brown monkey of northern India [Silenus 
rhesus {Macaeus rhesus; Macaca mulatto)} 
have proved unsuccessful. This fact has often 
been deplored, but more recent evidence 
would appear to indicate that the absence of 
natural infection in this species of monkey 
is a fortunate occurrence, from the point of 
view of the research worker in India. The 
absence of such natural malarial infections 
in S. rhesus makes available large numbers 
of uninfected and susceptible Primates for 
experimentation. Workers on simian mala- 
ria in other countries have been greatly 
hampered in their investigations by tlie lack 
of such types of animal. 

Malarial infections of monkeys were first 
recorded by Koch in East Africa in 1898 . 
Since then many species of Plas^nodluniJrixva 
been reported from various monkeys in 
different parts of both the Old and' Kew 
Worlds. Many of the earlier investigators 
carried out experimental work with such 
infections. More recently, extensive 
researches have been reported by workers in 
America, Malaya and India. The latter 
work has confirmed the view that from a 
study of monkey malaria the solutions of 
many unsolved problems in human mala- 
riology may be obtained. 

Eesearch in human malaria has shown 
that the clinical and pathological manifes- 
tations of this disease, as well as its reaction 
to different therapeutic agents, vary with 
the sj)ecies of Plasmodium responsible for 
the infection. It is, therefore, essential 
that an accurate specific identification 
should be made of the parasite used in any 
investigation. It is equally important to 
ensure that the infection studied is due to 
one species of Plasmodium^ and one species 
only. A failure to obtain these conditions 
has been responsible for many of the con- 
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tradictory statements which have crept into 
the literatnre on monkey malaria. 

The older literature on the morphology of 
the Plasmodia of the lower monkeys was in 
a chaotic condition. This was partly due 
to the meagre descriptions given by some of 
the earlier workers of the parasites observed 
by tliem. It appears also to have been 
influenced largely by the fact that mixed 
infections with two or more species of 
Flasmodlum are not rare in these animals, at 
least among the Oriental Cereopilhecidce. 
Many of the descriptions recorded appear to 
refer to two different species of parasite, 
which were present in the same host, but 
this condition was neither recognised nor 
suspected. 

Sinton and Mulligan have carefully 
reviewed the literature on the Plasmodia of 
the lower monkeys. These workers made a 
special study of the malarial parasites found 
in the blood of the Oriental monkey, 
S. irus {Macacus cynomolgus ; Pitheous fasei- 
cularis)^ the crab-eating monkey of Malaya 
and Burma. Individuals of this species of 
monkey are not uncommonly infected with 
malaria, but unfortunately these infections 
are not infrequently due to two or more 
species of parasite. The fact that such 
mixed infections were unsuspected, has 
given rise to much confusion in the descrip- 
tions of the Plasmodia infecting this species 
of monkey. 

The first malarial parasite to be described 
from the lower Oriental monkeys was Plas- 
modium inui Halberstadter and Prowazek, 
1907, from the blood of specimens of 
B, irus from Java and of 8, nemlstrlnus 
from Sumatra. A few months later a new 
species P. eynomolgi Mayer, 1907, was 
recorded from an infection in 8. irus, also 
from Java. Many observers consider that 
the latter species is identical with the 
former. Sinton and Mulligan, however, 
thought that P. eynomolgi was probably a 
distinct species, but placed it provisionally 
as a variety of P. inui. The reason for this 
was that, while they had had ample oppor- 
tunity of studying P. eynomolgi, both in 
natural and in experimental infections, yet 
they had to depend for information about 
P. inui on descriptions given by other 
workers. As will be seen later, their views 
as to the specific identity of P. eynomolgi 
have since been confirmed. 

Sinton and Mulligan proved that mixed 
plasmodial infections were not uncommon 
in 8. irus in nature, and they managed to 


separate .from the blood of this monkey 
two distinct species of Plasm.odium. These 
parasites they identified as P. inui var. 
Gynomolgi Mayer, 19D7, and a new species, 
P. Icnoivlesi Sinton and Mulligan, 1932. 

Plasmodium Icnoiolesi does not appear to 
be very closely related to any of the three 
common malarial parasites of man, although 
it shows some morphological characters 
resembling each of these. This species was 
proved to have an asexual cycle of 21 
hours’ duration. While infection with this 
parasite has apparently little clinical effect 
on its natural host, 8. irus^ it produces 
quite a different picture when a suscep- 
tible host, such as 8. rhesus, is infected 
experimentally with it. In the latter species 
of monkey, it causes very severe symptoms, 
often haemoglobinuria, and almost invari- 
ably produces death with pernicious symp- 
toms, if the infection be untreated. Knowles 
and Das Gupta liave managed to transmit 
this infection to man by blood inoculation. 

Plasmodkim eynomolgi very closely 
resembles in its morphology P. vivax, the 
benign tertian parasite of man. It has a 
48-hour asexual cycle. The clinical symp- 
toms produced in 8. irus and in 8 rhesus 
are of a mild character. This infection 
has been transmitted experimentally from 
monkey to monkey by the bites of infected 
specimens of Anopheles annularis and 
A. subpietus. 

Since Sinton and Mulligan recorded these 
two species of Plasmodium from 8, irus, 
a third species has been detected in their 
laboratories from the same species of natu- 
ral host. The infection was also a mixed 
one originally, but a pure infection has now 
been isolated experimentally in 8. rhesus. 
This parasite appears to be identical with 
P, kiui sens, rostr., as described by Ilal- 
berstadter and Prowazek and by Mathis 
and Leger. 

The morphology of this parasite has seve- 
ral iDoints of resemblance to P. malarim, 
the quartan parasite of man, but some 
forms more closely resemble P. vivax. The 
infection produces mild effects in 8. irus 
and in 8. rhesus and tends to be very 
chronic. The duration of the asexual cycle 
of P. inui sens, restr. was usually said to 
be 48 hours, but the evidence in support of 
this statement was very unsatisfactory. A 
careful study of long series of blood films 
taken every few hours fi’om monkeys infected 
with this third parasite, shows that its 
asexual cycle has a periodicity of 72 hours. 
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These findings prove definitely that three 
species oC Plasmodium occur naturally in 
the blood of the Oriental monkey, S . ims 
from Malaya, namely : — 

(a) P. Imoivlesi Sinton and Mulligan, 
1932, having a 21-hour asexual cycle ; 

{b) P. eynomolgi Mayer, 1907, having a 
48- hour asexual cycle; and 

(c) P. inid Halberstadter and Prowazek, 
1907, having a 72-hour asexual cycle. 

xill these species are easily transmissible 
by blood inoculation to 8b rhesus, and pure 
infections are being maintained in the 


laboratories of the Malaria Survey of India, 
Kasauli. 

The facts (a) that the common brown 
monkey of Northern India (8. rhesus) is 
susceptible to experimental infection with 
these three species of simian Plasmodia, 
(Jb) that tliese monkeys appear to have no 
malarial infection in nature, and (c) that 
they are easily and cheaply available in 
India, open up a wide field in this country for 
the investigation of many important malaria 
problems. Such facilities are available in 
few or no other countries of the world. 


Permeability of Protoplasm — A Probable Factor in Transpiration. 

(Being a Study of Transpiration Response under Ultra-Violet Radiation.) 

By B. N. Singh, n.sc., and S. 0. Das Gupta, n.sc. 

(InsiitutG of Agricultural Research, Benares Hindu University.) 


the various factors that appear to con- 
^ trol transpiration it is the atmospheric 
ones whicli have received by far the greatest 
attention and mucli stress has been laid to 
show that transpiration is a relatively 
simple process, probably the simplest of all 
the plant functions yet known, governed 
largely by the environic complex. The 
behaviour of transpirational loss of water 
under controlled environment, liowever, has 
led Plant Ecologists to believe tliat there 
exist some internal factor or factors in trans- 
piration, the nature of which does not seem 
to be well understood. 

The present brief note is an outcome of 
some observations on the influence of ultra- 
violet radiation upon transpiration, and 
when taken in conjunction witli an indepen- 
dent parallel study on permeability in plant 
tissues, seems to provide repeated conclu- 
sions of an uncommon interest, revealing 
that protoplasmic perjneability performs a 
regulatory function in transpiration. 

While investigations relating to the 
influence of ultra-violet radiation are 
known to exist, in an incomplete form 
though, upon such individual functions as 
photosynthesis, respiration and permeability 
in plants, to our kno wledge, no observations 
appear to have been made so far as to the 
influence of such rays upon transpiration. 
The observations herein recorded are an 
attempt in this direction. 

The procedure of experimentation in 
brief consists in selecting healthy mature cut 
twigs of Gajanus indicus, Triticum vulgaris 


and Andropogan sorghum, fixing them in 
hermetically sealed glass vessels containing 
sufficient water in which the cut end always 
dips, and estimating the hourly loss of water 
after the method already described elsewhere.^ 
The experimental material is subjectcid 
to desired doses of 0, 5, 10, 15, 20, 30 and 
40 minutes exposure to ultra-violet radiation. 

On plotting the mean transpiration values 
for the treated plants obtained for a period 
of five successive hours against time (Fig. 1) 
it is noticed that the general nature of the 
response in all the three cases under consi- 
deration is similar in spite of material 
differences. We shall, tlierefore, try to 
explain the plienomenon on the basis of the 
data obtained for any one crop. 

A reference to Fig. 2 would indicate that 
transpiration of irradiated plants exhibits 
two maxima, one under ten minutes treat- 
ment while the other under thirty minutes 
exposure. Both these pitches are preceded 
and followed by a decline in the transpira- 
tion curve which, in general, shows an 
unusual contrast to the curves of transpira- 
tion obtained for the control plants. 

The increase or decrease in the rate of 
transpiration of treated plants as against 
the control, may be explained on the basis 
of certain imminent possibilities: — 

(i) Variation in the supply of water from 
the roots. 


^ Singh, B. N., “ On the Use of Bates Evapori- 
meter and Evaporimeters in general in Studies 
on Plant Transpiration,” Jouryi. Ind. Bot. Soc., 
1924. 
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T ime 

Fig. 1. 

Showing Transpiration Rate of Cut Shoots of Cajanus 
Indicns with March of Time. 

Andropogon 



Fig. 2. 

Showing Transpiration Rates and Permeability in Plants, 

(ii) Variation in the stomatal aperture, 
(iii) Changes in the leaf water-content. 
The question of a deficiency of water 
supply should not ordinarily arise as in 
2 


order to eliminate the root factor, experi- 
ments are conducted on cut shoots, with the 
cut ends dipping under water where a 
constant supply of tlie same is always 
available well above the requirements of the 
shoots. The experiments being conducted 
under moderate environmental conditions, 
the absorption from the roots is not expect- 
ed to fall short of the demand of w^ater 
made by the transpiring leaves. 

For ascertaining how far transpiration is 
affected by the degree of stomatal opening 
in plants treated with varying doses of 
irradiation, comparative values of the 
average stomatal area and transpiration rate 
are obtained and portrayed below : — 


Irradiation 
period in 
minutes 

Tn. rate relative 
to tn. in control 

Average area of 
stomatal open- 
ing size X 750 

0 

1-00 

0-28 

5 

1*04 • 

0-28 

10 

2-75 

0*28 

15 ; 

1-90 

0-26 

20 1 

1-82 

0-2G 

30 ! 

1-90 

0*41 

40 

0-87 

0*28 

1 


A glance at the values indicates that there 
exists no proportionality between the degree 
of stomatal opening and transpiration. The 
stomatal area remains unchanged for control 
and 5, 10 and 10 min. irradiation and 
shows small closing in case of 15 min. 
exposure and a marked opening at 30 min. 
Thus against both tlie maximum and mini- 
mum transpiration values for 10 and 40 
minutes treatment respectively, the stomatal 
aperture remains unchanged. The maxi- 
mum and minimum stomatal aperture also 
signifies no correlation whatsoever with the 
corresponding values of transpiration. Ee- 
peated observations as to the relation 
between stomatal opening and transpiration 
go to confirm the above conclusion, a fact 
further supported by the detailed work of 
LoftfiehT- on stomatal regulation where he 
has shown that widely open stomata, as is 
found in the present case, possess no control 
over the amount of water loss. In a more 
detailed study Singh and Siidame:^ have 

2 Loftfield, J. W. G., “ The Behaviour of 

Stomata,” Cam. Inst. Wash. Puh., 314. 

2 Singh, B. N , and Sudame, M. M., “Size of 
Stomatal Chamber and Pore Diameter and their 
Role in the Regulation of Transpiration,’ ’ {In 
course of publication.) 
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sliown that the size of the stomatal chambei* 
and the pore diameter seem to possess little 
control over transpiration, thus emphasising 
the view put forth above. 

Barring the influence of stomata and 
deficiency in water supply, the explanation 
for an increase in the rate of transpiration 
must be sought elsewhere. As to the 
regulatory influence of leaf water-content, 
in a recent study Singh and Singh^ have 
shown that the rate of transpiration is more 
or less independent of the leaf water-content 
and is to a large extent governed by absorp- 
tion of water. But in the present experi- 
ments, as has already been indicated, limi- 
tations due to absorption did not arise. 

How are we, then, to account for the 
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varLatioa in the transpiration rate. : I n I Ins 
connection attention may be drawn to a 
separate work from this Institute^, upon t 
effect of ultra-violet radiation on tlu^ 
bility of protoplasnr’’'' wluu'c^ an initial 
increase with increasing dose (‘,ons(ii(.u(i(‘.s th<‘ 
first maximum followed by a secoiul ()iie ait 
an intervening period of doeliiu^ (th'g. 2). 

The general similarity in the ua.tun‘ <)[ ihc 
curves for permeability and tra,uspira.{ ion 
following irradiation is indeed most, cha.ra.ct (u*- 
istic and leads one to tlie eonelusion t hat 
in the absence of tlie operation ol t.li<‘ ot h(*r 
controlling factors disoaissed abovas iinoHsistMl 
or decreased transpiration may widl In* <‘x- 
plained on the basis of pc'rmeabilit.y (*.ha.ng<‘s 
in the protoplasm of mesopliyll (*(dls. 


The Study of Plant Tissue Fluids. A Critical Review.'*' 

By B. hi. Sastri and M. Sreenivasaya. 

{Indian Institute of Science, Bangalore,) 


PRESERVATION OF TISSUE ELUIBS. 

T he tissue fluids thus obtained cannot be 
preserved even at low temperatures 
(0°C) without appreciable changes occurring 
in the fluid, the most prominent change 
being the precipitation of proteins through 
gradual coagulation. Gooke'^^ has shown 
that, in the case of tissues, low temperatures 
induce an intramolecular change in the 
tissue proteins which leads to their denatura- 
tion ; this circumstance has been correlated 
with winter-hardiness in plants. The 
coagnlum adsorbs many essential consti- 
tuents, particularly enzymes and viruses. 
Duggar"^'' lias found that the mosaic of 
tomato is not seed borne and opines that 
the seed proteins adsorb the virus. The 
failure to transmit many of the viruses 
through artificial injection of sap, as in the 
case of the spike-disease of sandal, is prob- 
ably due to the circumstance that the virus 
gets adsorbed by the associated proteins 
during the preparation of the sap. In such 
cases, it is necessary to carry out the extrac- 
tion with various buffers and the one which 
elutes the essential constituent chosen. 

A similar procedure should be adopted for 

4 Singh, B. N., and Singh, R. B., “ The Relative 
Efficiency of Leaf Water- Content and Absorption 
in Transpiration. {In course of publication.) 

* Continued from Curr. Sci., 1934, 3, 8. 

aooke, C. A., 1907, 1, 196. 

39 Duggar, J. Bad., 1930, 19 , 20. 


the study of enzymes on ai'i'ounl. of (lu'ir 
analogous behaviour. The protein coagula- 
tion is influenced by tannins wliicli in tli(‘ 
case of certain enzymes like dia-st-ases an* 
known to exert an inhibiting or ina.el i vaf ing 
influence. Tlie effect of tannins a.nd all it'd 
substances on the vinilenee of plaait viruses 
has not been investigated. 'rh<‘ (*xt.ra.et ion 
of sap from tannin-bearing (,issn(*s for {‘(‘id ain 
enzyme studies, is best a-ceomiylished by 
adding hide powder duidng mincing and 
grinding. In their studies on tin* dia static 
activity of the diseased and InaiK Iiy sandal 
leaves, the authors liave a.(iof)t(‘(l this pro- 
cedure. For the investiga-t-ion of .sp<*cial 
constituents, certain m()(U(ica,tions in t(‘(‘lini- 
que have therefore to Ixmiitrodnet'd, and it 
is difficult to recommend a.ny out*- gmu'ral 
procedure for universal adopt ion. 

For a study of tlie infect-ivity of viruli- 
ferous tissue fluids or for (bdc'rminiiig (In* 
resistance offered by tissue II aids to the 
growth of certain pathogi'ins, t-ln* fluid 
should be obtained under a.s(‘pt.i(* (‘ondit ions 
as it does not permit of lieat sterilizat ienn 


5 Singh, B.N., and Chakra vaHy, M. “ Kfffd 
of Ultra-violet Rays on tlie Pm-int'ahility of 
Protoplasm of Trapa hlsplnosa to Ions. {In 
course of puhlicaiion.) 

® Singh, B. N., and Sheshagiri, \\ V. V., 
“ Effect of Ultra-violet Rays on tlx; Ri-nu.-ahilil v 
of Protoplasm of Storage Tissues to Ions'” 
(In course of puhlicaiion.) 
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A convenieat method for obtaining sterile 
fluids has been described by Eanker.*° 

Methods oe Investigation and Their 
Choice. 

Tissue fluid studies may be classified into 
three broad divisions : (1) Physico-chemical; 
(2) Chemical, and (3) Biochemical. Physico- 
chemical methods include determinations 
of density, refractive index, depression 
of freezing point, electrical conduc- 
tivity, hydrogen-ion-concentration, buffer 
values, optical activity, oxidation-re- 
duction potential, temperature of coagula- 
tion, etc. Chemical methods are employed 
for an estimation of total solids, ash and 
ash constituents, total and amino nitrogens, 
carbohydrates and sugar alcohols, volatile 
and gaseous constituents like hydrogen 
cyanide, aldehydes and carbon dioxide, 
chlorophyll and other pigments, glycosides, 
alkaloids, tannins, fats and lipoids. Bio- 
chemical and biological methods are invoked 
for a study of the enzyme make-up of a 
fluid or a determination of the infectiviby 
of a virus-bearing sap, or for an estimation 
of certain constituents like sucrose, maltose, 
inulin, glycosides, which are attacked by 
specific enzymes. 

The choice and adoption of a particular 
method depends upon the nature of the 
problem, the accuracy required and the 
rapidity and frequency with which the 
samples have to be analysed. Generally, for 
the investigation of a given problem, one is 
rarely called upon to estimate all the 
constituents or conduct all physico-chemical 
measurements. 

Physico-chemical methods are, in general, 
more elegant, less cumbersome, possess 
greater ease of reproducibility, require 
smaller quantities of samples and are con- 
ducted with greater rapidity and accuracy. 
In many of the measurements like the 
determination of the depression of the 
freezing point and electrical conductivity, 
the cliemical composition of the tissue fluid 
is not affected, and the same aliquot of the 
fluid usually suffices for a few of the other 
determinations, thus effecting great economy 
in the use of research material. Wherever 
possible physico-chemical methods should 
he preferred to chemical methods. 

Chemical methods, indispensable for the 
determination of certain constituents, 
require appreciable amouuts of tissue fluid 


for analysis. The quantity required depends 
upon the concentration of the constituent 
in question and the sensitiveness of the 
method employed for its determination. 
Micro methods, if adopted, economise 
the material, and their application to the 
study of tissue fluids offers a wide and 
fruitful line of research. Animal physio- 
logists have attained great distinction in 
this line, many of whose methods can be 
adopted in these studies. 

Biochemical methods are characterised 
by the great specificity of their reactions 
which render the estimation of certain 
constituents infallible, and in certain cases 
they are the only methods available. An 
estimation of a glucoside, maltose and 
sucrose in a mixture, for example, is best 
accomplished with the aid of suitable enzyme 
reagents free from interfering enzymes. 

Physico-Chemical Measurements and 
Their Significance. 

A. Density. — Density, determined pykno- 
metrically, has been found useful in evaluat- 
ing the solid content of the tissue fluids of 
a plant at various phases of its growth. 
The measurement does not influence the 
composition of the fluid in any manner and 
requires 5 — 10 c.c. of the fluid. 

Density measurements have revealed that 
rapid growth is accompanied by lower 
concentrations while a dormant condition 
induces higher concentration of solutes in 
sap ; so does production of fruit,'^^ 

Density is influenced by soil rnoisture^'^’'^'’ and 
by other factors of habitat of the plant.’^’’^^ 
Aquatic plants generally liave a sap of low 
density. An idea of the water requirement 
of a croi) or plant can he obtained by a deter- 
mination of the density of its tissue fluids ; 
the density is inversely proportional to 
their water requirements.'^’^ JSTo relationship 
seems to have been observed between winter 
hardiness and density. Determinations 
of density form a routine procedure iu the 
chemical control of certain industries such 
as sugar, fruit syrups, etc. 

Sap concentration is affected by the onset 
of diseases. Corn stalks alfected by sinut,*^'^ 
tissues from spiked sandal plants,'^” and 

E-ed, .J. Agr. Res., 1921,21, SI. 

Reed and Halma, J. Agr. Res., 1926,32, 1177. 

Webber, C. A., 1921, 15, 3131. 

Eaton, Amer. J. BoL, 1927, 14, 212. 

Bates, J. Agr. Res., 1923,24, 131. 

Karrer, Amer. J. Bot.^ 1926, 13, 286. 

Iyengar, J . Indian Inst. Sci., 1929, 12A, 295. 


Ranker, Phytopathology, 1930, 20, 569, 
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tuinourous growths comprising proliferous 
tissue^® yield fluids of a lower concentration 
than the corresponding healthy tissues. 

A fluid of higher density is obtained 
from shoots attacked by lac insects.."^ 

B. Refractive Index . — Eefraetive index‘^^ 
offers a quick method of evaluating the total 
solids in a given sap and requires just a 
drop of the fluid, and has been extensively 
employed both in physiological research 
and in commercial practice, in estimating 
the sucrose content of cane juices. 

C. Depression of the Freezing Point, A — 
Osmotic Pressure . — Depression of tlie freezing 
point is proportional to the total concen- 
tration of the osmotically active constituents 
of the sap, and gives a measure of its 
osmotic pressure. Dixon and his co-workers 
have employed this method in connection 
with their studies on the ascent of sap in 
2 )lants.”° The method has been adopted for 
elucidating the osmotic relations between 
hosts and parasites, for understanding 
the nature of draught resistances'*-^ and winter- 
liardiness/’’'*'-’’''"*'"' ■ for a study of the changes 
accompanying the vegetative growth, fruiting 
and maturation of crops, for obtain- 
ing an insight into the response of plants 
to changes of environment-‘‘'°’^^’‘'-’‘''*’^’'^’^’^’''’‘^‘’’‘'^ 


HaiTis and Gortner, Biochcm. Bull., 1915, 

4, 52. 

Gortner and Hoffman, Gaz., 1922, 74, 308. 
Dixon, Transpiration, and Ascent of Saps in 
Plants (Macmillan & Co., Ltd.), 1014. 

21 Harris, C. A , 1910, 13, 2898. 

22 Harris and Henry, Hawaiin Planters Bee,, 
1930,34,107. 

22 Satherst, Chem. News, 1901, 84, 234. 

24 Gail, Bot. Gaz., 1926, 81, 434. 

2 2 Maximov, Krasnosalskaia — Maximova, Phy- 
siol. Ahs., 1919,4, 413. 

2 2 Dixon and Atkins, Sci. Proc. Roy. Dub. Soc., 
1912, 13, 219. 

2 7 Gail and Cone, Bot. Gaz., 1930, 88, 437. 

2 8 Lutman, Amer. J. Bot, 1919, 6, 181. 

22 Harris, Gorbner and Laurence, P/iTZ-sioZ. A&5., 
2, 436. 

Drabble and Drabble, Biochem. J., 1907, 
2, 117. 

Harris, Laurence and Gorfcner, Physiol. Rev., 
1916,2, 1. 

02 Fitting, 0. A., 1912, 6, 766. 

03 Hector, C. A., 1928,22, 3723. 

04 Blagoveshchenskii, Bogobyubova and Cher- 
nova, C.A., 1928,22, 2590. 

0 5 Arrhenius, C. A., 1920, 14, 2358. 

00 Harris, Amer, J. Bot.^ 1918, 5, 490. 

. 07 Harris and Laurence, Bot Gaz., 1017, 64, 285, 


and treatment, and for a study of patho- 
logical changes induced in the plant with 
the onset of physiological and parasitic 
diseases. 

About 5 c.c. of the tissue fluid suffice 
for a determination by Beckmann’s cryo- 
scopic method, but by Dixon’s thermo- 
electric method,''^ the quantity can be 
reduced to 2 c.c. Still smaller quantities, 
(0*1 or 0*2 c.c.) can be employed for the 
determination by the melting point 
method” ; the liquid is placed in a capillary 
tube attached to a Beckmann’s thermo- 
meter, and the freezing point determined 
by the disappearance of the liquid meniscus 
observed with a reading telescope.'^’- 

Factors which increase the concentration 
of crystalloids in the tissue fluids of an 
organism, are those which contribute towards 
a greater depression of the freezing point. 
Increased pbotosynthet'c activity under the 
stimulus of light or artificial illumination, 
results in a concentration of sugars'-; 
increased absorption of soil nutrients results 
in a corresponding enhancement of the 
inorganic constituents in the tissue fluids, 
particularly in the roots. Conditions which 
favour transpiration also lead to a concen- 
tration of crystalloidal constituents of the 
sap and increase its osmotic pressure. 

Minced tissue is often employed for the 
depression of the freezing point but the 
method yields higher values.'"^ 

Among the other methods of determining 
osmotic pressure are (1) the plasmolytic 
method, and (2) the drop method of Barger.*^^ 
The relative merits of the plasmolytic and 
cryscopic methods have been discussed by 
Atkins. 

Mention may also be made of another 
term Og— Osmotic value often employed 
and is defined as the molal concentration 
of cane sugar, which is necessary to effect 


08 Sprecker, Physiol. Ahs., 2, 649. 

02 Iyengar, J. Indian Inst. Sci., 1928, llA, 103. 
70 Dixon and Atkins, Sci. Proc. Roy. Dub, Soc., 
1910, 12, 275. 

7 4 Drncker and Schreiner, Biol. Zhl., 1913, 33, 
90. 

72 Dixon and Atkins, Sci. Proc. Roy. Dub. Soc., 
1016, 15, 51. 

73 McCool and Millar, Soil Sci., 1920. 9, 217. 

74 Bonyoucos and McCool, J. Amer. Soc. Ayr., 
1916, 8, 50. 

75 Barger, J. C. S., 1904, 85, 286. 

78 Atkins, Sci. Progress, 1917, 11, 662. 
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incipient plascnolysisJ^’’^^ Tlie variation 
of Og serves as an index of the physiolo- 
gical activities of the tissue. 

D. Electrical Conductivity^ K. — The elec- 
trical conductivity of a sap is a measure of 
the total electrolytes present in a sap."^'-^ 
The depression of freezing point accounts for 
the crystalloids — both electrolytes, and 
non-electrolytes. From a knowledge of these 
two values, the concentration of non- 
electrolytes can be calculated and expressed 
in terms of cane sugar. 

Conductivity measurements could be 
made with very small quantities of liquids— 
about 1 c.c. There is no particular advan- 
tage in using larger quantities. The choice 
of the conductivity cell depends upon the 
conductivity of the liquids ; generally speak- 
ing for the investigation of physiological 
fluids, Arrhenius-Ostwald conductivity cell 
has been found convenient. The cell is 
provided with three sets of dip electrodes, 
differing from one another in the distance 
between the electrodes. In the case of 
tissue fluids with low conductivity, the one 
with the electrodes close to each other is 
employed. 

Poisoning of the electrodes with the 
proteins of the sap is a common experience. 
To obtain reliable results, frequent platinis- 
ing of the electrodes is necessary. 

Conductivity determinations coupled with 
those of the depression of the freezing point, 
give useful information regarding the origin 
of osmotic forces in plants which may arise 
from two or more independent sources. 
Absorption of soil nutrients'^'’ and metabolic 
processes favouring the formation of organic 
acids, contribute towards conductivity, 
while an increase in photosynthetic sugars 
merely enhances the concentration of non- 
electrolyte crystalloids. 

Conductivity measurements are affected 
by the viscosity'” and in the case of 
mucilaginous saps, the effect may be appre- 
ciable. The suppression of dissociation due 
to the mutual action of salts and acids’^'’ 
also affects the results for the total electro- 
lyte content through conductivity measure- 
ment. A rough relationship has been found 
to exist between conductivity and inorganic 


P>eck, Plant Physiology , 1928, 3, 413. 

Beck, Ihid., 1931, 6, 315. 

Haynes, Biochem, J., 1919, 13, 111. 
Hoagland, Bot. Gaz., 1919, 18, 297. 

Macinnes and Doll, J . Gen. Physiol., 1929, 
12 , 895. 


constituents of saps as determined by ash 
content, and for most purposes the conduc- 
tivity may be taken as a rough estimate of 
the ash content of the tissue fluids. 

E. H-ion Concentration and Buffering 
Capacity of Tissue Fluids. — There is a vast 
amount of literature on this aspect of 
plant physiology. The importance of 
hydrogen-ions as a regulating mechanism 
for many of the vital processes of plants, 
has long been recognised and a 
large number of methods liave been 
developed for its determination. The usual 
methods consist in measuring the potential 
of a hydrogen electrode dipping in the sap 
against the standard calomel electrode. 
The hydrogen electrode can be replaced 
by quinhydrone, antimony or other 
electrodes. An elegant glass electrode 
suitable for working with a few drops of 
tissue fluid has been described.^’ The 
quantity of fluid necessary for the determi- 
nation depends upon the apparatus employed; 
3-5 c.c. are required for Clark’s electrode.'^- 
Haas'^’’’ describes an electrode vessel suitable 
for work with 3 to 4 drops of plant juice. 
With the modified micro-electrode of Bodine 
and Fink,'^^ the quantity may be reduced to 
0 • 25 c.c. to 0 • 01 c.c. depending upon the size 
of the electrode vessel. The latter can 
function either as a hydrogen or quin- 
hydrone electrode. Further refinement has 
been secured by Taylor and Whittaker'^'’ who 
succeeded in constructing a micro-non- 
polarisable electrode which can be used for 
determining the hydrogen- ion concentra- 
tion of living cells and tissues, with great 
accuracy. Tlie capillary electrode devised 
by Bobertson and SmitlF" is suitable 
for measurement of pH at a point 
in situ of the plant tissue, and can therefore 
be employed for surveying the pH values 
at various points of an organ, and also in 
such of those cases, where the tissues 
during pulping suffer chemical transforma- 
tions leading to an alteration in the pIT 
values. 

Hydrogen-ion concentration in tlie cell sap 
without expression from the cell has been 
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measured both, electrometiically and colori- 
metrically. Such in vivo studies of tlie 
properties of the cell sap represent a great 
improvement over the in vitro study of 
saps and there is a fruitful field in this line 
for developing the vivo technique for 
elucidating the nature of the cell sap. 
Mention may also be made of the Eange 
Indicator Method by Small and his co- 
workers’^^’^'^’^'’ whicli has proved invaluable 
in studying the reaction of individual cells 
and their variations due to seasonal factors. 

For rapid work, particularly field work, 
colorimetric methods are available, where a 
series of indicators, each measuring a 
different range of hydrogen-ion concentra- 
tion, are employed. For coloured solutions 
the method is unsuitable. Further the 
colorimetric method is affected by the ‘salt’ 
and ‘ protein ’ errors and does not yield 
accurate results. Arland'^^ has carried out 
comparative studies of the poteutiometric 
and colorimetric methods. Domontviclr’^ 
finds fair agreement between hydrogen and 
quinhydrone electrodes. 

The simple quinhydrone electrode is un- 
suitable to saps not because of the ‘salt’ 
error which is negligible with the concentra- 
tion of salts obtained in the tissue fluids, but 
is due to the presence of sugars and 
phosphates. Billmaiin and Katagiri-’“ have 
shown that the use of the hydro quinhydrone 
electrode gives reliable values. 

The concentration and reaction of the 
nutrient solution in which the plant thrives 
does not greatly influence the hydrogen-ion 
concentration of the sap'^-’ but the root sap 
responds to the soil acidity and builds up a 
buffering mechanism to withstand the 
adverse effects of soil reaction. The buffer- 
ing capacity is influenced by ions — potassium 
and phosphorus enhancing and calcium and 
chlorine lowering the capacity.-^ A marked 
diurnal variation-^'^ in the hydrogen-ion con- 
centration has been observed, not to speak 
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of the seasonal and regional fluctuations.'^^ 
The external factors appear to influence only 
the outer cells of the plants and the inner 
cells enjoy a greater uniformity with respect 
to the hydrogen- ion concentration. Tliere 
is a gradient in the pH from the top to the 
root.*’"' Application of fertilizers like potash 
and phosphate tends to increase and nitro- 
genous manures decrease the pU.‘’“ 

The effect of 00^ produced as a result of 
respiration, on the buffering of the living 
cells deserves extended investigation. 
Instances are known where the CO, content 
may be as high as 20-30 per cent.''' The 
CO 2 balance in a plant sap is comparatively 
little investigated. Our knowledge on the 
subject is mainly due to the work of 
Ingold, Willman and Brown,'''' Smalb*"^ 
and others. The extent to wliich 00^ 
exists in the dissolved condition is important 
in the photosynthetic activity of the plants. 

The methods of identification of plant 
acids have been investigated by Czapeck.'^^’^ 
More recently Iyengar^"' has examined the 
acids in the tissues of healthy and spiked 
sandal plants. The acidity changes are 
particularly marked when the physiological 
state of the plant is upset by the entry of 
parasites through adverse environmental 
conditions. Eeduced root activity due to 
phylloxera attack on vines lead to high 
acidity of plant saps.^*^ The stern weevil 
attack of cotton leads to an increase in 
alkalinity. In cases of tumour growth 
and proliferous tissue there is a decrease 
in hydrogen-ion concentration. Disease 
resistance in grape vines'-^ is characterised 
by a high acidity, a low sugar content, and 
a poor oxidase activity. In the case of the 
tobacco root rot it has been found that low 
soil acidity favours the incidence of disease. 
The subject has been investigated by 
Morgan and others. 
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The buffering capacity of a particular fluid 
is connected with its chemical make-up, 
which consists mainly of organic acids, 
their salts, and phosphates/^®'^^^ This has 
been amply demonstrated in a number of 
plant juices. In fact, the salt content of a 
juice can be determined with a fair degree 
of accuracy through a determination of the 
pH and titratable acidity and referring 
to a table showing the relationship between 
titratable acidity and pH of related artificial 
buffer mixtures.' Proteins play a negligi- 
ble role in the buffering systems. This is 
not surprising as a consideration of the basis 
of the buffering capacity will show that it 
is an ionic phenomenon and the proteins 
possess a large molecular weight. 


The buffer index /3 is equal to 


dB 

dpH 


where 


dB is the gramme-equivalent concentration 
per litre of added base and dpH is the 
observed change in the pH when the quanti- 
ty dB is added to the solution when buffer 
index is being determined. The introduction 
of the conception of the buffer index^“ has 
largely served to clarify our conceptions 
regarding buffers. 

The midrib and petiole sap of a leaf has 
less buffer effect compared with that derived 
from the rest of the leaf. In the intact cell, 
the cell wall itself resists the change in 
acidity of the cell contents due to external 
H"^ or OH " and thus acts as a buffer. Tliis 
was demonstrated in the case of Nitella by 
Hoagland and Davis. 

Buffers offer a fine mechanism through 
which the hydrogen-ion concentration is 
maintained at a particular optimum. On 
account of this mechanism, the reaction 
of plant cells is not affected by fluctuations in 
the reaction of soil medium, by the violent 
metabolic disturbances caused by the 
invasion of parasitic organisms or changes 
of environment. In fact the buffering 
capacity has been considered to be a 
measure of disease resistance. 

Glycerine, sugars and alcohols increase 
the dissociation of acids and therefore act 
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as negative buffers,^^^ and an abnormal 
accumulation of these products always 
renders the plant susceptible to fungus 
infection. 

Other Physico-Chemleal Measurements . — 
There is little literature regarding a study 
of viscosity or surface tension of plant saps. 
A determination of the viscosity of saps 
would provide useful data for obtaining an 
idea of the hydrophillic colloid content and 
perhaps throw some light on the ascent of 
sap in plants. 

The optical activity of a plant sap is not 
usually determined since the concentration 
of the optically active constituents in the 
sap are generally small except in special 
instances like cane juice, when this 
method is extremely valuable in assaying 
the sucrose content. Further, the method 
is not directly applicable to the great 
majority of plant tissue fluids which, being 
coloured, have to be treated with clarifying 
agents before a determination can be carried 
out. The method is no doubt a valuable one 
which merits a wider employment and should 
be extended to a determination of the 
exaltation in optical activity after addition 
of borates or arsenates. Ihiis will diffe- 
rentiate liydroxy compounds, e.g., sugar 
alcohols like mannitol and organic acids like 
tartaric. If an appreciable exaltation is 
obtained, the presence of such or related 
compounds should be suspected. 

Physico-Chemical Data: Their Interrela- 
tionships and Interpretations. — The de- 
pression of the freezing point is a measure 
of the total concentration of the osmotically 
active substances in solution, which include, 
not only the crystalloids in true solution but 
also the colloidal micelle with different 
osmotic valencies. The conductivity 
measurements give an idea of the total 
concentration of the electrolytes and the 
colloidal micelle carrying ionic charges. 
The non-electrolytes like sugars and the 
colloidal micellae wiiich do not carry any 
effective charge but which are osmotically 
active do not contribute towards the electri- 
cal conductivity of the solution. If therefore 
we have the depression of the freezing point, 
A, and the electrical conductivity K, we can 

obtain a ratio of the two values ^ which 

indicates changes in relative concentration 
of ions in relation to total solutes. This 
ratio has been determined in a great number 

‘ 113 KoUoidchem, Beihejte., 1927, 25, 1. 
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of investigations. In the case of the sandal 
leaves, the ratio is lower in spiked sap than 
in norma] material ; on the other hand, the 
sap derived from shoots attacked by lac 
insects has been found to possess a higher 
ratio. 

The average molecular weight of the 
solutes can he computed from (1) the total 
solids of the sap (0) and (2) depression of 
the freezing i>oint, A . 



where K=1000 x molecular lowering fora 
given solvent. 

It has been found that host plants of lac 


reputed to yield thick encrustations of lac, 
contain a sap whose solutes have a high 
average molecular weight, indicating the 
existence of higli molecular compounds 
favouring the production of resin. The 
tissue fluids of the sandal leaf in the diseased 
condition contain solutes whose average 
molecular weight is low and indicate a 
disintegration of the high molecular proteins. 
It should be possible to make a further 
differentiation between the mean molecular 
weight of the electrolytes and that of the 
non-electrolytes in the sap, by taking into 
consideration the data for electrical con- 
ductivity. An attempt in this direction may 
lead to significant results. ' 


Obituary, 


Reverend Ethelbert Blatter, S J. 
(1877—1934). 

R everend father ethelbert 

BLATTER was born at Rebstein in 
Switzerland on the 15th September 1877. He 
received his early education at the Benedic- 
tine School at t8arnen in TJnterwalden and 
later at Schwyz where he devoted himself to 
the study of modern languages. He joined the 
Society of Jesus on the 15th October 1896. 
This step caused great surprise among his 
numerous friends and relatives, for to them 
it seemed well-nigh unbelievable that the 
boisterous jovial, well-to-do lad they had 
known should decide to be one of the 
Jesuits. After completing his studies in 
Philosophy, he applied himself almost 
exclusively to the study of Botany. He 
came out to India in 1903 as Professor of 
Biology at St. Xavier's College, Bombay. 
After a stay of six years in India he went 
back to Europe in 1909 to complete his 
ecclesiastical studies and was finally 
ordained a priest on the 25th August 1912. 
On his return to Bombay in 1915 he once 
more took up work as Professor of Biology 
at St. Xavier’s College of which he later 
became the Principal in 1919. In 1925 
Father Blatter retired from his professorial 
duties to Panchgani where he remained till 
almost the end of his life. He passed away 
peacefully on the 20th May 1934 at St. 
Vincent’s High School, at Poona. 

From the period of his arrival in India in 
1903 dates the commencement of a stream 
of publications in Botany which continued 
until his death. Father Blatter devoted 
iris time and energy to the study of the 


Asian flora. He travelled extensively and 
made large collections which formed 
the basis of liis writings. His most impor- 
tant contribution between 1993 and 1909 
was the ‘^Palms of British India and Ceylon” 
published later in book form by the Oxford 
University Press. While in London he 
compiled ^Hhe Flora of Aden” and ‘‘the 
Flora of Arabia With all tlie material he 
was collecting he built up. a flue Herbarium 
which is now in St. Xavier’s College. In 
1926 he undertook to revise the “Flora of the 
Bombay Presidency” first published by 
Cooke. Twenty-one parts of this work have 
already been published. Among his other 
important publications, some of which are in 
collaboration with other workers, are “the 
Flora of the Indus Delta” “the Flora of 
Beluchistan,” “the Flora of Waziristan,” 
“the Ferns of Bombay,” and “the Flowers 
of Kashmir”. A inonograpli on “ the Bom- 
bay Grasses ” by Blatter and McCann is in 
course of publication. 

He served the Bombay University in 
many capacities as a member of the 
Senate, the Syndicate and the Science 
Faculty, and he had much to do Avith the 
present University Reforms. Ho was the 
Vice-President of the Bombay Natural 
History Society and gave of his best to 
that Society. He was elected President of 
the Botany Section of the Indian Science 
Congress in 192*6 and the President of the 
Indian Botanical Society in 1927. 

In recognition of his work in Botany Fr. 
Blatter was awarded the Johannes Bruehl 
Memorial Medal for the year 1931. It was 
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a fitting tribute to his pioneer work on 
Asian Flora. 

As a man Father Blatter was kind-hearted 
and generous, full of wit and humour, which 
never forsook him even under the most 
trying conditions of his health. Ilis life 
was a selfless one, true to his calling as a 
Jesuit and to the science he loved. His 
premature death is a great loss to the 
science of Botany to which he rendered 
outstanding services. 


Professor P. Sampat Iyengar, M.A. 

TT is with deep regret that we record the 
premature death, on Tuesday, 24th July 
1934, of Mr. P. Sarnpat Iyengar, retired 
Director- Professor of Geology in Mysore, at 
the early age of 55. 

As an officer of the Mysore Geological 
Department for nearly thirty years, Mr. 
Sampat Iyengar published numerous 
important papers in the Kecords of the 
Department, and was largely responsible for 
formulating many of the fundamental ideas 
regarding the Geology of Mysore wiiich are 
even to-day guiding the work and shaping 
the policy of the Mysore Geological Depart- 
ment. His address on ‘‘The Acid Rocks of 
Mysore” from the Presidential Chair of the 
Geology Section of the Indian Science 
Congress (Hagpur 1920) still stands as a 
valuable and authoritative statement on this 
aspect of Mysore geology. His very inti- 
mate and intensive knowledge of the 
Archaean rocks, both in and outside Mysore, 
together with his ripe experience and mature 
judgment in this field of study naturally 
gave him a prominent place in the foremost 
ranks of Indian geologists. 


As Professor of Geology in the Mysore 
University for 12 years Mr. Sampat Iyengar 
was actively associated with the work of the 
University ; and the present leading position 
which the Geology Section of the University 
occupies among similar institutions in India 
and the reputation which it enjoys as a place 
for instruction and centre of research, is 
in no small measure due to his untiring 
endeavours. 

Apart from his eminence as a geologist, 
the late Mr. Sampat Iyengar possessed 
certain admirable traits of character which 
largely contributed to make his personality 
really ‘dynamic’. An honest and whole- 
hearted devotion to duty, a burning enthu- 
siasm for work, a frank and fearless expres- 
sion of views, a stern sense of discipline and 
an uncompromising adherence to principles 
— these were some of Mr. Sampat Iyengar’s 
outstanding virtues for which he will ever 
be remembered. 

In his private life, Mr. Sampat Iyengar 
was orthodox, simple, and unostentatious. 
By his genial manners and genuine affection 
he had formed a large circle of friends to 
many of whom his death comes with all the 
poignancy of a personal bereavement. 

L. Rama Rao. 

SK 5lc 

We deeply regret to announce the death of 
Dr. S. K. Mukerjee, M.Sc. (Allahabad), 
D.Sc. (London), Reader in Botany at the 
University of Lucknow, Honorary Secretary 
of the Indian Botanical Society, Fellow of 
the Linnean Society of London. He died at 
Lucknow on August 5, 1934, after a brief 
illness at the age of about 37 years. 


An Alternative Atom. 


I N a letter addressed to the Sundai/ 
Statesman (Aug. 5, 1934) Dr. R. Samuel, 
Dj'.Pliil. (Gottingen), F.Phys.Soc., Profes- 
sor of Physics, Muslim University, Aligarh, 
has critically examined the theory of Dr. 
Tutin concerning the structure of the atom. 
Dr. Tutin’s attack on the classical Ruther- 
ford-Bohr atom, which has received much 
publicity in the non-scientific press, accord- 
ing to tlie Professor, is “ill-founded and far 
from the truth.” “In order to construct 
quantised orbits of the order of magnitude 
of the atoms, he has to assume new electrical 
forces of non-Coulombian character, which 
have never been observed and for whose 
3 


existence there is no evidence whatever. In 
order to explain Rutherford’s experiments on 
the scattering of X-particles, he has to ignore 
these forces later on but in spite of this he 
is not able to come to an agreement between 
his theory and experimental results. Since 
in his theory the mass of the atom is not 
concentrated in the nucleus but assumed to 
form mainly the outer sphere of the atom, 
the theory falls into terrible and ridiculous 
difficulties, the moment he deals with iso- 
topes. These few arguments may be sufficient 
to show that ‘ all his results are just pious 
hopes and no more, and most of them are 
demonstrably wrong’.” 


F 
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Letters to the Editor. 


Priority in Lac Research. 

Usually lac insects have two life cycles 
but O’Conor^ mentions localities supposed 
to yield tliree crops of lac per year. Iinms- 
and Chatterjee confess inability to refer 
to their source of information in their 
publication but mention having tried to dis- 
cover a tiivoltine insect. In a paper pub- 
lished in 1919, T" made myself responsible 
for such a positive finding with regard to 
Mysore. The late Mr, Hewlett, when he 
visited Bangalore as a Member of the Lac 
Enquiry Committee, expressed liesitation 
in believing this fact and I offered to con- 
vince him by sending brood lac at a time 
when only a trivoltine species could yield 
larval swarming. In their joint Eeport 
issued after llowlett’s demise, ins colleagues 
Lindsay‘S and Harlow write: ‘‘The fact 
that we are still unable to say whether 
there is a trivoltine variety. . . .is an indica- 
tion of the extent to which its general study 

has been neglected Whether this is 

the case or not remains to be seen but it 
is interesting to note that from Shorea 
taVum in Bangalore which originated from 
a swarm in the latter part of December 
(larviie) swarmed on 21st April 1921, a 
remarkably early date. This seems to be 
the most definite evidence as yet available 
The brood lac referred to was sent by 
me and I had Iioped to read a confirmation of 
my discovery in the interests of the lac 
industry or a mention of my name. On 
the contrary the report devotes two pages 
criticising some of my theories which have 
since been substantiated by the findings 
of Sreenivasaya and myself. I had reasons 
to protest against an attitude wliere the 
report was loud in declamation and silent 
in recognition, both to my disadvantage. 
I consulted the then Director of the Indian 
Institute of vScience wlio gave me to under- 
stand that it is immaterial for Science, 
who says it; the publicity of a discovery 
after all is the main objective of every 
worker. This altruistic principle, however, 
loses its hold on the mind as memory 
gathers further sad experience. 

1 O’Conor, Note on Lac, 1874, Calcutta. 

- Tmms and Chatterjee. Ikd. For. Mem., 1915, 

3, Ft. 1. 

3 Malidihassan. Quart. J . Mysore For. Assoc., 
1919, No. 8. 

^ Lindsay and Harlow, Ind. For. Bee.. 1921, 

8, Ft. 1. 


When Hewlett came to Bangalore lie 
received a typescript report of another work 
containing about 25 photographic illus- 
trations on which Fowler"' writes, “Mr. 
Mahdihassan has spent some months in the 
Department studying the anatomy and 
physiology of the iac insect. With tlic aid 
of the Minot Microtome he has made a 
number of interesting sections and claims 
to have succeeded in identifying the special 
glands concerned with the production of 
the various substances found in stick lac, 
viz., wax, hard and soft resins, etc. The 
work has been submitted to the Officers 
of the Government of India conducting a 
special enquiry into the subject of lac.” 
In the Eeport on Lac by Lindsay^ and 
Harlow no mention is made, however, of 
tliis fact. On the contrary the Atih. Rej). 
for 1919-20 of the Board of Scientific Ad/vice 
for India (Pub. 1921), contains the follow- 
ing statement from Beeson: “ A micro- 
scopic examination of the internal rnorplio- 
logy of lac insects has been carried out 
under the direction of Mr. E. M. Howlett 
with the object of discriminating specific 
differences in tlie form of lac insect from 
different kinds of host tree.” If tliis had 
been the object of research, it was more 
likely tliat the external morpliology of 
insects fiom different trees would first be 
studied. At any rate, similar problems, 
for example, distinguishing different species 
of phylloxera forming galls on the grape 
vine, have never been attacked in the 
complicated way suggested above. I ad- 
dressed an enquiry to Dr. Beeson at Delna 
Dun who kindly referred me to Mr. Flefclicr 
at Pusa who was equally unaware of Llie 
work done under Mr. Howlett’s direc-tion. 
Ill the light of my experience a subtle 
difference had to be made between IIow- 
lett’s work, wliich no doubt liis successojs 
at Dehra Dun or at Pusa could liave easily 
traced out, and work done elsewhere, 
supposed to have been carried out under 
his direction but completed and ifcs type- 
script report handed even before the 
suggestion was ever offered. At the same 
time when Howlett received my work, 
copies were also sent to the following : — 
Prof. Tschirch of Bern, Switzerland, the 
authority on Eesins who had the kindness 
of mentioning in more than one of his 

® Appendix, Eleventh Annual Report of the 
Council, Indian Inst. Sci,, Bangalore, 1920, 8. 
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publications tliat the internal anatomy of 
the lac insect had been studied by me ; 
Prof. Bugnion then at Lausanne an autho- 
rity on wax glands ; Prof. Silvestri of 
Portici who was proposing to write a mono- 
graph on lac insects ; Prof. Ferris of Stan- 
ford, California, who was equally interested 
in lac insects, and Dr. Imms then at 
Eothamsted. The Director of Industries, 
Hyderabad, also received a copy and 
another was deposited at the Indian Insti- 
tute of Science, Department of Applied 
Chemistry. Under the post-war economic 
conditions, even in G-ermany then, an 
accepted thesis did not receive greater 
publicity than had been the fate with 
my work. 

My histological paper entitled Seats of 
the Origin of Lac Products ” recognised stick 
lac as a concrete where besides lac, several 
kinds of wax form an inner structure. I had 
attempted to show the glands responsible 
for the secretion of each of these products. 
In a later publication'’ several indications 
have been made to previous histological 
findings, viz.^ Throughout the undersurface 
of the skin there are dermal glands. They 
have long chitinous ducts and with tliese 
they look like toy balloons.” Prof. Misra^ 
in criticising all previous workers generally 
and Chamberlin particularly says that they 
^^do not mention the presence of any 
glandular structure associated with these 
pores”. In his historical introduction he 
entirely ignores the histological findings 
casually mentioned in my paper of 1923 
which he, however, critically refers to in 
another connection in the same paper. 
Misra claims the lac glands are being de- 
scribed and figured here for the first time ”. 
I assert that Misra was not the first to have 
seen these glands ; at any rate, he has not 
given a more exhaustive description than 
that contained in the very short passage 
quoted above from me. His illustration of 
ducts shows them to be wavy and the 
glandular structures, therefore, resemble 
spermatozoa. The ducts are of hard chitin 
and hence they possess a rigidity similar to 
a wire. I am not interested here in criticis- 
ing his results but in pointing out that he has 
ignored my previous findings. In my publi- 
cation, I have repeatedly emphasised the 
presence of hard and soft waxes in stick lac. 


G Mahdihassan, J. Sci, Assoc., Vizlanagarani, 
1923, 1 , No. 2. 86. 

\ 7 Misra, Proc. Zool. Soc., London, 1931. 


A histologist would have found wax glands 
instead of special lac glands ” as named by 
Misra which is misleading, as it only lends to 
the assumption that stick lac is a liomo- 
geneous substance. Misra’s publication is a 
result of academic work and it is surprising 
that there should have been otlier glaring 
omissions in acknowledging previous work. 
It may be particularly pointed out that 
Fig. 1 (B) and Fig. 3 both on PI. 1 of 
Prof. Misra’ s^ paper, are similar to those 
already published by Eai Bahadur Misra^ 
and by OhamberliiU respectively. 

It is hoped that in future such plagiarisms 
will be avoided ; that unliealthy rivalry and 
duplication will be discouraged ; and that 
scientific workei’S will develop a spirit of 
genuine research with a sense of respon- 
sibility. 

S. Mahdihassan. 

Hyderabad, 

Deccan, 

July 24, 1934. 


Influence of Moon on Earthquakes. 

It is well known that the shape and position 
of the continents with their higli mountains 
and seas, owe their origin to the great 
upheavals that have taken place millions of 
years ago and that are still going on in 
a moderate scale within the crust of the 
earth. Some think that the forces wliich 
have caused these changes are due to cooling 
of the earth’s crust, while others think that 
they are due to iJoJar movements caused by 
the rotation of the earth. Whatever might be 
the cause, these great upheavals have 
brought about regions of instability within 
the crust of the earth, and whenever there is 
a fresh dislocation due to tectonic move- 
ments mentioned above, an earthquake 
occurs. It is supposed that astronomical 
bodies, such as Sun and Moon, liave no 
influence in precipitating a quake. It seems, 
however, that though the astronomical bodies 
are incapable of precipitating a dislocation, 
yet they are able to magnify the movement 
if they can exert their maximum influence 
during a dislocation. 

If the forces due to Moon and Sun act in 
the direction in which the dislocation of the 
crust occurs, then obviously the displace- 
ment will be greatly magnified, and would 

8 Eai Bahadur Misra, Piisa Bull., 1923, 
No. 142 , 10, Fig. 2. 

0 OhamberliD, Bull. Ent. Res., 1923, 14 , Pt. 2, 
PI. X, Fig. D. 
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Letters to the Editor. 


Priority in Lac Research. 

Usually lac insects have two life cycles 
hut O’Conor’ mentions localities supposed 
to yield three crops of lac per year. Imms- 
and Chatterjee confess inability to refer 
to their source of information in their 
publication but mention having tried to dis- 
cover a trivoltine insect. In a paper pub- 
lished in 1919, I" made myself responsible 
for such a positive finding with regard to 
Mysore. The late Mr. Hewlett, when he 
visited Bangalore as a Member of the Lac 
Enquiry Committee, expressed hesitation 
in believing this fact and I offered to con- 
vince him by sending brood lac at a time 
when only a trivoltine species could yield 
larval swarming. In their joint Eeport 
issued after llowlett’s demise, his colleagues 
Lindsay'’ and Harlow Avrite: “The fact 
that Ave are still unable to say Avhcther 
there is a trivoltine variety. . . .is an indica- 
tion of the extent to whicli its general study 

has been neglected Wliether this is 

the case or not remains to be seen but it 
is interesting to note that from SJiorea 
ialura in Bangalore which originated from 
a swarm in the latter part of December 
(larvae) SAvarmed on 21st April 1921, a 
remarkably early date. This seems to be 
the most definite evidence as yet available 
The brood lac referred to was sent by 
me and I had hoped to read a confirmation of 
my discovery in the interests of tlio lac 
industry or a mention of my name. On 
the contrary the report devotes two pages 
criticising some of my theories which have 
since been substantiated by the findings 
of Sreenivasaya and myself. I had reasons 
to protest against an attitude where the 
report was loud in declamation and silent 
in recognition, both to my disadvantage. 
I consulted the then Director of the Indian 
Institute of Science who gave me to under- 
stand that it is immaterial for Science, 
who says it; the publicity of a discovery 
after all. is the main objective of every 
worker. This altruistic principle, liowever, 
loses its hold on the mind as memory 
gathers further sad experience, 

^ O’Conor, Note on Lac, 1874, Calcutta. 

2 Imm.s and Chatterjee. liid. For. Mem., 1915, 

3, Pt. 1. 

3 Malidihassan. Quart, J. Mysore For. Assoc., 
1919, No. 3. 

^ Lindsay and Harlow, Ind. For. Rec., 1921, 

8, Pt. 1. 


When Hewlett came to Bangalore he 
received a typescript report of another work 
containing about 25 photographic illus- 
trations on which Fowler"' writes, “Mr. 
Mahdiliassan has spent some months in the 
Department studying the anatomy and 
pliysiology of the lac insect. Witli the aid 
of the Minot Microtome he has made a 
number of interesting sections and claims 
to have succeeded in identifying tlie special 
glands concerned Avith the production of 
the various substances found in stick lac, 
viz., wax, hard and soft resins, etc. The 
work has been submitted to the Officers 
of the Government of India conducting a 
special enquiry into the subject of lac.” 
In the Eeport on Lac by Lindsay‘S and 
Harlow no mention is made, however, of 
tliis fact. On the contrary the Ann. Rep. 
for 1910-20 of the Board of Bcienilfic Advice 
[for India (Pub. 1921), contains the follow- 
ing statement from Beeson: “A micro- 
scopic examination of the internal morpho- 
logy of lac insects has been carried out 
under the direction of Mr. F. M. Howlett 
with the object of discriminating specific 
differences in the form of lac insect from 
different kinds of host tree.” If this had 
been the object of research, it Avas more 
likely that the external morpliology of 
insects from different trees would first be 
studied. At any rate, similar problems, 
for example, distinguishing didcreut species 
of phylloxera forming galls on the grape 
vine, have never been attacked in the 
complicated way suggested above. I ad- 
dressed an enquiry to Dr. Beeson at Delna 
Dun who kindly referred me to Mr. Fletcher 
at Pusa wlio was equally unaware^, of the 
work done under Mr. Howlott’s direction. 
In the light of my experience a subtle 
difference had to be made between How- 
ie tt’s work, which, no doubt his successoi's 
at Debra Dun or at Pusa could have easily 
traced out, and work done elsewhere, 
supposed to have been carried out under 
his direction but completed and its type- 
script report handed even before the 
suggestion was ever offered. At the same 
time Avlien Howlett received ray work, 
copies were also sent to the following : — 
Prof. Tschirch of Bern, Switzerland, the 
authority on Eesins wlio had the kindness 
of mentioning in more than one of his 

® Appendix, Eleventh Annual Report of the 
Council, Indian Inst. ScL, Bangalore, 1920, 8. 



August 1934 ] 


CURRENT SCIENCE 


61 


publications that the internal anatomy of 
the lac insect had been studied by me ; 
Prof. Bugnion then at Lausanne an autho- 
rity on wax glands ; Prof. Silvestri of 
Portici who was proposing to write a mono- 
graph on lac insects ; Prof. Ferris of Stan- 
ford, California, who was equally interested 
in lac insects, and Dr. Imms then at 
Eothamsted. The Director of Industries, 
Hyderabad, also received a copy and 
another was deposited at the Indian Insti- 
tute of Science, Department of Applied 
Chemistry. Under the post-war economic 
conditions, even in Germany then, an 
accepted thesis did not receive greater 
publicity than had been the fate with 
my work. 

My histological paper entitled Seats of 
the Origin of Lac Products ” recognised stick 
lac as a concrete where besides lac, several 
kinds of wax form an inner structure. I had 
attempted to show the glands responsible 
for the secretion of each of these products. 
In a later publication^* several indications 
have been made to previous histological 
findings, Throughout the undersurface 

of the skin there are dermal glands. They 
have long chitinous ducts and with these 
they look like toy balloons.” Prof. Misra' 
in criticising all previous workers generally 
and Chamberlin particularly says that they 
^‘do not mention the presence of any 
glandular structure associated with these 
pores In his historical introduction he 
entirely ignores the histological findings 
casually mentioned in my paper of 1923 
which he, however, critically refers to in 
another connection in the same paper. 
Misra claims “ the lac glands are being de- 
scribed and figured here for the first time 
I assert that Misra was not the first to have 
seen these glands ; at any rate, he has not 
given a more exhaustive description than 
that contained in the very short passage 
quoted above from me. His illustration of 
ducts shows them to be wavy and the 
glandular structures, therefore, resemble 
spermatozoa. The ducts are of hard chitin 
and hence they possess a rigidity similar to 
a wire. I am not interested here in criticis- 
ing his results but in pointing out that he has 
ignored my previous findings. In my publi- 
cation, I have repeatedly emphasised the 
presence of hard and soft waxes in stick lac. 


^ Mahclihassan, J. Sci. Assoc Vlzlanagaram, 
1923, 1, No. 2, 86. 

7 Misra, Proc. ZooL Soc., London^ 1931. 


A histologist would have found wax glands 
instead of special lac glands ” as named by 
Misra which is misleading, as it only lends to 
the assumption that stick lac is a homo- 
geneous substance. Misra’s publication is a 
result of academic work and it is surprising 
that there should have been other glaring 
omissions in acknowledging previous work. 
It may be particularly pointed out that 
Fig. 1 (B) and Fig. 3 both on PI. 1 of 

Prof. Misra’s' paper, are similar to those 
already published by Eai Baliadur Misra'* 
and by ChamberliiU respectively. 

It is hoped that in future such plagiarisms 
will be avoided ; that unhealthy rivalry and 
duplication will be discouraged ; and that 
scientific workers will develop a spirit of 
genuine research with a sense of respon- 
sibility. 

S. Mahdihassan, 

Hyderabad, 

Deccan, 

July 24^ 1934, 


Influence of Moon on Earthquakes. 

It is well known that the shape and position 
of the continents with their high mountains 
and seas, owe their origin to the great 
upheavals that have taken place millions of 
years ago and that are still going on in 
a moderate scale within the crust of the 
earth. Some think that the forces which 
have caused these changes are due to cooling 
of the earth's crust, while others think tliat 
they are due to polar movements caused by 
the rotation of the earth. Whatever miglit be 
the cause, these great upheavals have 
brought about regions of instability within 
the crust of the earth, and whenever there is 
a fresh dislocation due to tectonic move- 
ments mentioned above, an earthquake 
occurs. It is supposed that astronomical 
bodies, such as Sun and Moon, have no 
influence in precipitating a quake. It seems, 
however, tliat though the astronomical bodies 
are incapable of precipitating a dislocation, 
yet they are able to magnify the movement 
if they can exert their maximum influence 
during a dislocation. 

If the forces due to Moon and Sun act in 
the direction in which the dislocation of the 
crust occurs, tlien obviously the displace- 
ment will be greatly magnified, and would 

« Itai Bahadur Misra, Piisa Bull., 1923, 
I No. 142 , 10, Fig. 2. 

9 Chamberlin, Bull. But. Res., 1 923, 14 , Pt. 2, 
' PI. X, Fig. D. 
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set a devastating earthquake One is there- 
fore led to suppose that when a quake occurs 
under such conditions it must spread over a 
large area and produce great destruction of 
life and property. It is significant that 
during the undermentioned Earthquakes 
viz . — 

(1) Assam quake (1897) 4-25 p.m,, 12th 
June ; 

(2) North Bihar quake (1934) 2-25 p.m., 
15th January ; 

(3) Kangra quake (1905) 6 a.m., 4th April; 
the positions of the Moon were as follows : — 

(1) Moon away from the Sun by about 
150° east, i.e., anti-Moon 30° west of Sun. 

(2) New Moon. 

(3) New Moon. 

If we examine Figs. 1 to 3 we see that 



4-25 p.m., 12th -June 1897, Near New Moon. 



6 a.m., 4th April 1905, New Moon. 



2-15 p.m., 15th January 1984, New Moon. 

during Assam quake and Kangra quake the 
vertical tide producing forces influenced the 
epicentral tract, while in North Biliar quake, 
tlie horizontal forces passed througli the 
earthquake area. 

Regarding these forces It. D. Oldham 
wrote long ago : — With all these objections 
there remains a sufficiently strong case for 
the reality of the iniiuerice of tliese forces in 
determining the time and oi’igin of earth- 
quakes to justify a fuller investigation.'’ 
It is considered that a fuller investigation of 
all the devastating quakes miglit lead to the 
establishment of a definite law regarding the 
magnifying influence of tlie forces due to 
Moon. 

E. N. Ghosh. 

152, South Malaka, 

Allahabad , 

May 16, 1934. 


Fruit and Seed Development in Tinas pora 
eonUfolia Miers without Fertilisation 
and Embryo Formation inside. 

As the internal morphology of the ovule in 
the family Menispermacea^, is not much 
known, during the years 1932 and 1933, 
the undersigned fixed for investigation a 
large amount of material of Tinas para cardi- 
folia Miers from plants growing in the local 
botanical garden. This included a large 
number of fruits in different stages of 
development, beginning with the carpels of 
flowers that had just withered and ending 
with the mature red drupes, and was mearjit 
for the study of embryogeny in the specir^s. 
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We have, however, been surprised to find 
the total absence of embryos in all this 
materiaL The ovules have been found to 
develop quite normally upto the formation 
of the embryosac. The megaspore-mother 
cell gives rise to a complete row of four 
megaspores. The chalazal one of these 
develops into an S-nucleate embryosac of 
the usual type. The megaspore-motlier 
cell, the linear tetrad of megaspores and the 
embryosac are deep-seated, the embryosac 
being covered by about ten layers of irarietal 
tissue. It shows an egg-apparatus of the 
normal form at the micropylar end, two 
polar nuclei about the middle, but slightly 
towards the micropylar end, and tliree 
antipodals at the chalazal end. The last 
resemble those of certain Eanunculaceae^ 
in shifting their position towards one side 
as the embryosac increases in size during 
endosperm development. On the contrary, 
no pollen on the stigmas of the carpels or 
any pollen-tubes penetrating the nucellus 
of the ovule have been seen even in more 
than two hundred ovules examined for the 
purpose. ISTo fertilisation takes place and 
the various parts of the embryosac except 
the two polar nuclei gradually degenerate. 
The parts of the egg-apparatus lead in the 
process and then a little later the anti- 
podals share the same fate. The behaviour 
of the polar nuclei is just the reverse. They 
fuse with each other in the micropylar half 
of the embryosac to give rise to a secondary 
nucleus and the latter without undergoing 
the process of triple fusion divides to form a 
large amount of endosperm. The growth 
of the endosperm on the ventral side of the 
carpel is veiy irregular and it consequently 
becomes ruminate. Along with the deve- 
lopment of the endosperm, the embryosac 
goes on increasing in size and absorbing the 
nucellus. The integuments of the ovule 
change into the testa of the seed and the 
wall of the ovary differentiates into the 
epicarp, fleshy mesocarp and the stony 
endocarp of the drupaceous fruit, without 
any embryo being formed inside. 

This absence of embryos in the seeds of 
apparently normal fruits of Tinospora eordi- 
foUa, we have also confirmed by dissecting 
many of them, though it is not possible to 
put forward any exact cause for the failure of 
pollination, which appears to be the primary 
cause for such a development. In the 
Benares Hindu University Botanical Garden 


while there are a number of female plants, 
there is only one male plant at a distance 
of a few hundred feet from the former. 
The pollen of this male plant is quite 
normal ; and although no germination 
experiments have been tried, it appears 
from its structure to be quite viable. The 
lack of pollination may be, therefore, dne 
only to the distance between the male and 
the female plants, the effect of which is 
enhanced by these plants growing on other 
trees often with dense foliage, like the 
mango. But whatever the explanation 
may be for the lack of pollination, it is 
quite clear that vn ‘ Tinospora cordifolia ’ 
loitliout the stimulus of fertilisation and loitli- 
o%U the development of embryo insider^ 
apparently normal seeds and fruits are formed. 
In this respect, a comparison can be made 
with Kashyap’s observation, in Lahore on 
the ovules of Gycas revoluta.“ There are 
only female individuals of this cycad in 
Lahore, but even then the ovules develop 
into seeds, which externally look quite 
normal. Inside only the female gameto- 
phyte is developed and tliere is no 
fertilisation and embryo formation. As the 
cause of such a development in Cycas 
revoluta, Kashyap suggested the possible 
influence of some foreign pollen. In angio- 
sperms, the morphology of the endosperm 
being different, it is not unlikely that in 
Tinospora cordifolia, the necessary stimulus 
for the development of the seed and fruit 
may be coming from the formation of 
endosperm itself inside and its formation 
without fertilisation is not an unusual thing 
even in the Eanales. 

A. 0. JosHi. 

V. V. Eaman Eao. 

Department of Botany, 

Benares Hindu University, 

J^me 9, 1934 


Kinks on Impact Curves of Struck Strings. 

The present note is meant to indicate that 
Kaufmann’s theory is sufficient to explain 
the phenomena associated wflth struck 
strings, specially with reference to Piano- 
forte where the striking length a and the 
elastic strength of the felt hammer are 
small. In this case particularly Kaufmann’s 
theory when modified for elasticity can be 
applied with advantage. In order to do 
this divide the total duration of impact into 


1 Coulter, Bot. Gaz., 1898, 25, 73. 


2 Kashyap, S. K.., J. hid. Bot. Soc., 1921, 2, 116. 
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two parts : (1) the interval during which 
the string is not displaced while the hammer 
felt undergoes compression till at the end 
of this interval ; the second (2) regime begins 
and the string is displaced from the equili- 
brium position when Kaufrnann’s assump- 
tion holds good. It may be mentioned that 
this mode of considering the phenomenon 
first pointed by the authors in 1930 (Phil. 
Mag., 9, 1175, 1930) has also been accepted 
by Messrs. Ghosh and Kar of Calcutta, 
(Phil. 3fag., 17, 521, 1931). islow Kauf- 
mann's assumption is 

Y = .. .. (1) 

initially at the beginning of second regime 
witliout any displacement, and at any 
subsequent instant the displacement is given 
by 


wliere and are velocity and displace- 
ment of the striking point abscissa a? == a 
measured from the nearer end. 

A distribution of velocity in the position 
a given by (1) and without any displacement 
has been shown by Sir C. V. Eaman, n.l., 
to be due to discontinuous velocity waves 
(Fig. 1) ; one set travelling positively, and 



Fig. 1. 

Discontinuous Velocity Diagram. 


the otlier negatively. These produce dis- 
placements similar to that of bowed string, 
which appear as small kinks (Pig. 2) in the 



Fig. 2. 



time displacement diagrams of any point of 
the string between the nearer end and the 
striking point, obtained during the time the 
hammer is in contact with the string. In 


fact Kaufmanii’s theory with slight modifi- 
cations is sufficient to explain the presence 
of these kinks in the sliorter portion, 
their absence at the striking point and 
on the longer side of the string. It is 
also adequate to explain the appearance 
of large kinks when a is increased and tlie 
length of the other portion is decreased. 
Fig. 3 shows a large kink, a = 30*7 crus. ; 
j8 — the point ol observation lOG cms. ; 

T Peuiod of vibration of the string ^ _ while 

" Duration of contact ’ 

Fig. 4 shows the same drawn theoretically. 
Details will appear elsewhere. 



Fig. 4. 


E. E. Ghosh. 

Haji Gulam Moiiamed. 

Physics Dex)artment, 

Allahabad University, 

Allahabad, 

June 21, 1931. 


Molecular Weight of Lignin. 

The highest yield of formaldehyde recorded 
by Freudenberg and co- workers' from pine- 
wood lignin is 1-2 per cent. Depending 
mainly on this result they advanced a 
structural formula for lignin- corresponding 
to a molecular weight of 2140 (in unpoly- 
merised form). But as the molecular weights 
of various lignin derivatives lie between 
800 and 1000,' it is difficult to reconcile 
Freudeiiberg’s figure with these. The di-oxy- 
metliylene group has been found to be very 
unstable towards acids and by treating jute 
with 42 per cent. HOI at 20° for 24 hours 
a lignin has been obtained with a pale rose 
colour which after repeated washings with 


1 Ber., 1933, 66 , 262. 

- Cellulose Chemie., 1931, 12 , 269. 

^ JPuchs, Chemie des Lignins, 1926, 178. 
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dilute gives 2*78 per cent, of 

formaldehyde (estimated by the Dimedone 
method). 

Unlike aliphatic compounds, aromatic 
bodies with O-CHo-O groups do not give 
formaldehyde quantitatively by acid hydro- 
lysis — the phenolic groups combine with the 
HCHO liberated to give resins ; the 
temperature and concentration of acid 
employed for the estimation of HCHO being 
the same as those suitable for resin forma- 
tion.*^ In the case of piperonylic acid 77*6 
per cent. HCHO was obtained — also when 
HCHO and excess of protocatechuic acid 
were distilled with 28 per cent. H^wSO^ very 
nearly the same percentage was obtainable. 

Assuming as Freudenberg does, that only 
one O-CH^-O group is present in lignin and 
also that 2*78 per cent. HCHO represents 
77-6 per cent, of theory, the molecular 
weight comes to 830. Eassow and Wagner^ 
determined the molecular weight of glycol- 
lignin by Barger-East method and gave the 
figure as 840. Freudenberg’s formula 
therefore needs modification. 

PULIN Behaui Sarkae. 
Chemical Laboratory, 

Dacca University, 

July 15, 1934, 


Equisetum in Gujerat. 

The occurrence of Equisetum at Poona is 
perhaps the only record of its existence in 
the Presidency of Bombay. 

The writer came across a dwarf (about 
six inches) but fertile specimen of Equisetum 
in October 1931 at Malsar in the Baroda 
State. The plant was isolated in a cleft 
formed by hardened clay in the bed of the 
river Harbada. It was supposed to be an 
accidental exotic in a district where ferns 
are rare or none. 

This year at the end of May, I happened 
to visit a place called Balaram fifteen miles 
H.-E. of Palanpur. It is one of the outlying 
hills of the Aravalli range on the river Banas. 
Here, I found the shady slope of the hill 
covered all over by Equisetum, The fine 
green plants about twenty-four inches in 
height on hard limy soil apparently 
enjoyed the hot weather (115° temp.;. They 
had stout dark rhizomes and a few branches 
but no cones. 


^ Bary and others, Natural and Synthetic 
Besins, IIS. 

^ Wochenhlatt f. fabrikation, 1932,63, 103. 


This find of Equisetum at two different 
places about hundred miles apart in Gujerat 
and that too, one from a place supposed to 
be arid and sandy is worth noting. 

S. C. Dixit. 

Wilson College, 

Bombay, 

J uly 1 934. 


Fluorescence in Wood under Ultra- 
Violet Light. 

While we were engaged on the study of the 
fluorescence in wood, under ultra-violet light, 
a short paper by Dalton on ^ Woods that 
shine in the dark appeared in the Cana- 
dian Woodivorlcer and Furniture Manu- 
facturer, 1934, p. 9. In this note certain 
observations have been made which are not 
in accordance with our findings and we, 
therefore, take this opportunity to record 
the results of our preliminary examination, a 
detailed account of which will appear else- 
where. Dalton remarks that with the new 
Argon ultra-violet glow lamps and suitable 
light suppressing filters a large number of 
wood specimens were found to possess very 
definite fluorescent features. In practically 
all instances, the fluorescence was of a 
yellowish green colour.” 

We have examined over a hundred speci- 
mens in wood blocks, and in powder form, as 
well as their extracts in some common 
organic solvents, under a ‘ Ilanovia ' Quartz 
Mercury Vapour Lamp fitted with Wood’s 
filter. We find that most of the woods 
fluoresce, the colour of the fluorescence 
in the block form and in the powder form 
being practically identical but, in many 
cases, dilferent from the colour of the fluor- 
escence of their extracts. Furthermore, 
the colour of the fluorescence in dilferent 
woods is different, ranging from snuff brown 
to violet with practically all shades of 
orange, yellow, green, blue and indigo, 
between these extremes. The intensity of 
the fluorescence, however, is not restricted 
to any particular part of the wood. In some 
cases, the heartwood fluoresces more bril- 
liantly than the sapwood, and in others the 
reverse is the case. Then again, in many 
cases, the colour of the fluorescence in 
sapwood and heartwood is very dilferent. 

In making extracts of the wood powders 
(100-mesh) we have employed absolute 
alcohol, acetic acid, ethyl ether, chloroform 
and xylene. Of these, alcohol and acetic 
acid extracts showed fluorescence in almost 
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all those cases where the original wood 
fluoresces, while in the case of ether, chloro- 
form and xylene extracts, only in a few 


cases was the lluoresceiice obsmwod and lluit 
too very faintly. Results for souu^. t,y|)i<‘aJ 
cases are recorded below : 


Species 

Wood Blocks 

Powder 

l^lxt ra.cts 

Colour in 
Sunlight 

Colour in 
Ultra-violet 
light 

Colour in 
Sunlight 

Colour in 
Ultra-violet 
light 

yMeoholie in 
Ult i*a,-viol('t 
light 

Aetd if iu 
lUlra-viohd. 
light 

AcMcia orahica S 

YO (B.T.M.) 

BV (B.T.L.) 

OYt, 

BV (B.T.L.) 

VHpo 

Vlir.. 

II 

0 (b.t.d.) 

OY 

VO (B.T.L.) 

OY 

YG 

V(} 

Acacia catechu S 

OYt, 

Y 

Yt.> 

OYsi 

BV fl{.T,L.) 

B (li.TA;.} 

H 

0 (b.t.p.) 

OR (E.T.I).) 

YO* (B.T.L.) 

R (B.T.D.) 

YO (B-'I'-''-) 


Adina cordifolia S 
H 

Yt, 

Yn 

Yt, 

Y 

Vs, 


Albizzia lebbeJc, S 

WGr 

B (B.T.L.) 

WGr 

B (B.T.L.) 

BVr, 

([V 

A. fToeera <Sc H 
A, stipidata. 

YO (B.T.D.) 

OY 

YO (B.T.M.) 

YO 


CV,., 

Cassia fistula S 

YO (B.T.D.) 

YOs„ 

YO (B.T.L.) 

Y (B.T.L.) 

OYr, 

Vs, 

H 

OE (B.T.L.) 

RV 

YOp, 

RV 

liVr. 

BV 

Cedrela toona S 

YO (B.T.L.) 

Y (B.T.D.) 

YO (B.T.L.) 

Y (B.T.D.) 

C'l'i 

V (B.T.M.) 

H 

0 (b.t;d.) 

0 (B.T.D.) 

0 (b.T.I).) 

0 (B.T.D.) 

OY,.^ 


Morus alba S 

WGr 

V., 

WGr 

RVti 

Vt, 

VH,., 

II 

Y (B.T.L.) 

Vn 

OYs, 

YO.: 

BV,-, 

HV 


VR — Violet-red 
OR — Orange-red 
R O — R e d - orange 
Y 0 — Yellow-orange 
OY — Orange-yellow 


------ O J.l.VOiCUOJVUU/U OU fO UJ 

John Wiley & Sons, New Yoi^k. 
GY — Green- yellow V — Violet 


YG— *Y ellow-green 
BG — Blue-green 
VB — Violet-blue 
BV — Blue- violet 


R V — Red- violet 
WG r — Wli i ti s h - gre y 
Si — ShadejL 
Ti— Tonci 


Pores t Research Institute, 
Dehra Dun, IT.P., 
July 24, 1984, 


B.T 

L. 

M. 
;i). 
s 


Hrok(‘U ''I'oiK-.s 
Rigid. 

I )ark 

Sa,|)woo<l 

n(9irt.\vo()(l 


S. Kimsuna. 

K. A. GiiowDiinii Y. 


Crystal Structure of the Fluoberyllates. 

Eecently N. N, Ray' has obseryed from 
solubilities, molecular volumes and forma- 
tion of mixed crystals that the simple and 
complex fluoberyllates of metals are com- 
pletely isomorphous with the corresponding 
sulphates. Goniometric and X-ray studies 
of these isomorphous crystals were accord- 
it'Sly undertaken for a thorough investiga- 
tion. 

Prom goniometric measurements, the 
fluoberyllates of potassium, rubidium, 
ammonium and thallium were found to 
belong to the orthorhombic bi-pyramidal 

' Zeit. Anorg. U. Allg. Chem., 1931,201, 2S9. 


class (V/‘) to which the sulphates of these 
metals arc also known to belong. 'I'lie 
crystallographic axial ratios of Musse (luo- 
beryllates, and those oi tlu^ (‘.oi'i'e.spondiiig 
sulphates are given in Table 1. 

Tabli.; I. 


Metallic 

radical 


Fluoberyllates 


Sulpliat (*s 


Potassium 

Rubidium 

Animoniinn 

Thallium 


a 

b 

c 

t_ 

it 

h 

f 

0-5744 

\ 

0 -74:11 

0-5727 

1 

0-7-118 

0-5766 

1 

0-75G0 

0-572:1 

; l 

0-7485 

0-5665 

1 

0-7241 

()-5(>:J5 I 

1 

O-TIllO 

0-5638 

1 

0-7368 

0-5555 

I 

0-7:128 
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The space group of potassium fluoberyllate 
was very carefully (ietermined by oscillation 
photograplis of ranges 10° in a camera of 
high resolution (tlie diameter being 17*2 cm.) 
and was found to be Do/, p/xyy {i,e. 
according to Schonllies notation). This is 
also the result of the most reliable determi- 
nations;- of the S|)a-ce group of potassium 
sulphate. 

Eotation photographs of the crystals of 
rubidium, ammonium and thallium salts also 
show the same space-group. This indepen- 
dent determination also agrees with a very 
recent publication of the space group of 
ammonium fluoberyllate by nultgren.’"^ 
The axial lengths in Angstrom units of these 
crystals as measured from layer line photo- 
graphs are given in Table II. 

Determination of the positions of the 
atoms by measurements of intensities of 
X-ray reflections is in progress. 


Table II. 


Alotallic 

radical 

I Fluoberyllates 

Sulpliates 


a 

h 

f! 

a 

h 

6* 

Potassiinn 

5-63 

f>-83 

7-29 

5-73 

10-00 

7-42 . 

Rubidium 

5-S5 

10-13 

7-06 

5-94 

10-39 

7-78 

Ammoiiiiiiii 

5-89 

10-39 

1 7-49 

5-95 

10-56' 

7-72 

Thallium 

5-87 

10-43 

7-68 



•• 


X. X. Eay^ also investigated the double 
fluoberyllates as well as several double salts 
of fluoberyllates with sulphates and he found 
all of these to be physically and chemically 
similar to the corresponding double sulphates. 
Goniometric studies revealed a crystallogra- 
phic isomorphism between these two series 
also and showed that all these fluoberyllates 
belong to the class Monoclinic, Prismatic 
following axial ratios and 

axial angles (j8). 


Table III. 


Metallic radical 

Double fluoberyllate (BeF 4)2 

Double sulphate (SO.jl)^ 

1 

1 

h 

c 


V. 

h 

V 


AiUoZn 

0-7387 

1 

0-4909 

10G° 34' 

0-7368 

\ 

1 

0-4997 

106° 52' 

AnioCo 

0-7405 

1 

0-4852 

106° 46' 

0-7302 

1 

0-4985 

106° 56' 

AnioNi 

0-7373 

1 

0-4914 

106° 40' 

0-7370 

1 

0-5032 

107° 4' 


Metallic radical 

Sulphato fluoberyllate (SO.iBer 4 ) 

Double sulphate ()S 04)2 

a 

h 

c 

1 

a 

b 

1 

c 


AnioZn 

0-7382 

1 

0-4942 

106° 43' 

0-73G8 

1 

0-4997 

100° 52' 

KoNi 

0-7405 

1 

0-5077 

104° 44' 

0-7379 

1 1 

1 

0-5020 

o 

o 

o 


It is also intended to make a complete X-ray study of this interesting series of double 
salts. 

P. L. Mukherjee. 

Physics Laboratory, 

Dacca University, 

Eamna, 

July 1934. 


2 Hermann and Ehrenberg, Zeit, /. krisf., 1929, 

70 , 163. 


3 Zeitf. krist, 1934, 88, Part III. 

^ Zeit. Anorg. U. Allg. Chem., 1932, 206 , 209. 
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Antirachitic Factor in Kabuli Chhola Oil. 
In two of our previous communications, 
published in Current Science^^ we referred 
to some important points regarding the 
presence of oil-soluble vitamin A in some 
pulses and fishes. 

A few physiologi- 
cal and spectro- 
graphic records 
were also publish- 
ed. In the present 
communic a t i o n 
we reproduce two 
X-ray photo- 
graphs. 

Fig. 1 is that 
of a rat kept on 
rachit ogenetic 
diet all through. 

Fig. 2 was fed 
on rachitogenetic 
diet from the 7 th 
February 1931 to 
the 5th March 
1934. 

From the 5th 
March, the rat 
Xo. 2 was given 
a daily close of 
freshly prepared 
Kabuli Chhola 
Oil. 

On the 17th 
March, under X- 
ray observation, 
a distinct indi- 
cation in calcifi- 
cation was noted 
in rat Xo. 2. 

X-ray photo- 
graphs here re- 
produced were 
taken on the 5th 
April 1934. 

There was a 
litter of eight rats 
born on the 5th 
J anuary 19 3 4. 

These eight rats formed the subject of the 
present investigation. All of them gave 
similar results under experimental condi- 
tions. 


i Xagand Banerjee, Curr. Set., 1933, 2, 3, 95. 

Banerjee and Xag, Curr. ScL, 1933, 2, 4, 
131—132. 


It may be mentioned that weight of bones , 
bone ash, calcium and phospliorus present 
in the ashes were also determined. TIic 
results all went to confirm the anti-racliitic 
quality of Kabuli Chhola Oil. 

Bones of non- 
r a c li i t i c rats 
weighed consi- 
derably lieavicr 
tlian r a c h i t i c 
ones. Again the 
percentage o f 
ash of do)ies dried 
at lOCfC. was 
found to be as 
follows : — 

Bono ash of non- 
racliitic r a t s 
53*13. 

Bone asli of fully 
rachitic r a t s 
44 *(>8. 

Bone ash of 
partially cured 
rats 47 • 78. 
Finally tlie Ca 
to P ratio w(‘.r(*. 
in the following 
order : — 

Xon-rachi t i c, 
2*20 ; fully rachi- 
tic, 1*91 ; a-ncl 
Kickets cured 
(Eacliitis cured), 
2* 00. 

Other details UiS 
regards ca.lovilic 
value and cmin- 
parativc results 
obtained w i t h 
diffcient pulses 
will be pubiislied 
in the Transac- 
t i 0 n s 0 f t h e 
B 0 s e Research 
Inslit'Ule. 

X. C. Xag. 

II. X. Banerjee. 
Bose Institute, Calcutta, 

July 30, 1984. 


Fig. 1. Rachitic. 


Fig. 2. X-ray Photograph after Kabuli Chhola Oil Feeding. 
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A Conductometric Method for Moisture in 
Bagasse. 

When a definite quantity of moist bagasse 
is digested liot with a coinmon salt 
solution of known electrical conductivity 
the distribution of the salt through the 
water in the bagasse results in a depression 
in the conductivity of the original solution 
and this depression will be a measure of the 
amount of moisture in the bagasse sample. 
It is essential to make an allowance for the 
conductance of the ‘residual juice ’ and this 
should only be of lower magnitude compared 
to the conductance of the salt solution when 
accurate ciuantitative results are desired. 
The sugar chemist is already familiar with 
the digestion with plain water for determining 
the sucrose per cent, bagasse and it is only a 
small modification to use a salt solution 
instead and derive both the sucrose and 
moisture data in one experiment. The 
great advantage of this method is the elimi- 
nation of the drying method which requires 
several weighings and separate samples for 
moisture and sucrose determinations. Ey 
employing the familiar Deerr digestion an 
unprepared and a large sample can be analys- 
ed, The simultaneous determination of 
both sucrose and moisture on one and the 
same sample results in a better derivation of 
the fibre figures especially where fibre jier 
cent, cane is calculated indirectly. These 
advantages of the conductometric method 
more than set off the high cost of conducti- 
vity equipment the necessity of which is 
already being felt for making such determi- 
nations. One limitation of this method, 
however, is its applicability only for the 
final bagasse and when the common method 
of plain water inhibition is practised at the 
mills. 

Experiments employing approximately 
normal solution of sodium chloride and about 
500 gms. of bagasse in a Deerr digestion 
have given results which are in agreement 
within li% with those obtained by drying 
to constant weiglit. The moisture content 
of the samples analysed lay between 407o 
and 50%. Some samples were deliberately 
dried partially and then analysed. The 
results were again satisfactory. All these 
analyses were done on preserved samples 
and their extracts were of as low a pH as 4-6 
but nevertheless the method wmrks and it 
should succeed under the better conditions 
prevailing during the routine factory 
analyses. 


Tlie conductance of the residual juice 
enters into the calculation only as a correc- 
tion factor provided tlie brine solution is 
strong enough (at least uninormal) and an 
average value for this factor can be experi- 
mentally established once for all and applied 
always it being necessary to redetermine it 
only very occasionally. A better method is 
to correlate the conductance or even the brix 
of the ‘last-expressed juice’ Avith the 
‘ residual juice ’ correction. Such a corre- 
lation between the composition of the ‘ last- 
expressed juice ’ and the ‘ residual juice ’ is 
already in practice while calculating the 
fibre per cent, bagasse. 

A detailed paper on this new method of 
bagasse analysis will appear elsewhere. 

G. Gundu Eao. 

Indian Institute of Science, 

Bangalore, 

August 7, 1934. 


The Inactivating Effect of Ultraviolet Light 
on the Virus of Rabies. 

Clifton (1031),^ Perdrau and Todd (1933)“ 
found that inetliyleno blue had the photo- 
dynamic property of inactivating certain 
viruses: e.g., Bacteriophage, Herpes, etc. 
Shortt and Brooks (193 1)'* found that this 
dye exercised a similar action on the Fixed 
Virus of Rabies in the presence of Sunlight. 
Galloway (1934),'^ almost simultaneously, 
made a similar observation, but was not 
able to confirm that of Shortt and Brooks’ 
when using un filtered suspensions of infec- 
tive material. Since Shortt and Brooks used 
sunlight while the other observers used 
an electric filament or Pointolite lamp, it 
occurred to us that the success recorded by 
Shortt and Brooks was, perhaps, due to 
the action of ultraviolet rays of light. 
Accordingly, we repeated their experiments 
using a quartz mercury vapour lamp as the 
source of ultraviolet rays. We found that 
by this means we were able to inactivate 
a 0*5 per cent, centrifuged emulsion of 
Rabies-infected rabbit’s brain (Fixed Virus) 


1 Clifton, C. E., Proc. Soc. Exp. Biol. N. 
1931, 28, 745. 

- Perdrau and Todd, Proc. Boy. Soc., 1933, 
B 112, 277 & 288. 

^ Shortt and Brooks, Ind. Jour. Med. Res., 
1934-, 21, 581. 

Galloway, I. A., Brit. Jour.Exp)^ Path., 1034, 

15, 2, 97. 
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in as short a time as 60 seconds exposure to 
the ultraviolet rays of light. With shorter 
exposures, 15 and 30 seconds, tlie Virus 
appeared to be attenuated but not completely 
inactivated, since some animals inoculated 
with the brain emulsion irradiated for the 
shorter periods developed Rabies while the 
others did not ; in the former the incubation 
period was somewhat prolonged. It was 
found, further, that inactivation was as 
complete in the absence of methylene blue 
as in its presence (dilution of 1 in 25,000). 
Irradiation with the quartz mercury vapour 
lamp had a similar effect on Street Virus 
Rabies. It then occurred to us that this 
method of inactivation of the Virus might 
be used instead of the carbolic acid method 
for the preparation of Rabies Vaccine; the 
advantage being that 30 days are required 
for its preparation by the latter method, 
while by the former a few days would 
suffice. The present-day Rabies Vaccine is 
a 5 per cent, emulsion of infected brains in 
normal saline solution. Accordingly, we 
irradiated a 5 per cent, emulsion of the brain 
of a rabbit that was infected with the Fixed 
Virus Rabies (Paris) for 15 minutes. The 
emulsion was inoculated subdurally into 
rabbits almost immediately afterwards. Two 
out of the three animals so inoculated sub- 
durally died showing typical signs of Rabies. 
This we thought was due to the ultraviolet 
rays not having penetrated deep enough into 
the infected opaque emulsion. We, therefore, 
oscillated the shallow dish containing the 
emulsion while it was being irradiated for 
20 minutes ; by this means the ultraviolet 
light was enabled to reach the whole of the 
emulsion. The emulsion, so oscillated and 
irradiated, was found to be inactive on 
subdural inoculation into rabbits. These 
inoculations were carried out on the 6th of 
July and at the time of writing, one month 
later, the inoculated animals are alive and 
well. 

Details of this work together with those 
of experiments designed to determine the 
antigenic property of ultraviolet irradiated 
Rabies Vaccine will be reported in the 
Indian Journal of Medical Research at a 
later date. 

G. Sankaran. 

W. A. Beer. 

Pasteur Institute, 

Coonoor, 

August 10, 1934. 


Enteropneusta from Krusadai Island. 

The occurrence of Enteropneusta in the 
neighbourhood of Krusadai, South India, 
was first made known by F. H. Gravely and 
recently the members of the staff of the 
Zoology Department; Central College, have 
obtained a very large collection of these 
interesting forms. S. G. M. Ramanujam 
has also taken specimens from the same 
area but it is rather surprising that our 
collections do not include any of the speci- 
mens represented in Dr. Raman ujam’s, 
which does not possess a single form con- 
tained in our material. But still both 
parties were investigating the same area 
and this rather curious phenomenon of 
distribution is worth carefully looking into. 

I have examined the specimens contained 
in the two collections. Dr. Ramanujam’s 
specimens are PtycJiodera minula and 
Glandiceps haclcsi which have been reported 
from Madras coast by K. Ramunni 
Menon. The occurrence of these forms near 
Krusadai must be an interesting fact in 
their distribution. Among the specimens 
contained in our collection, there are two 
distinct species of the genus Chlamydothorax. 
It may be recalled that Spengel mentions in 
his monograph on Enteropneusta Ptyahodera 
ceylonica, two specimens of which were 
obtained from the west coast of Ceylon. 
They were comparatively small and on an 
examination of the external morpliology of 
the branchiogenital and liver regions, but 
without examining the internal anatomy he 
concluded that the Ceylon specimens were 
identical with Pt. bahamensis : the latter 
according to Spengcrs suggested scheme of 
classification would rightly be regarded as 
GIi. bahamensis. 

I have carefully examined the internal 
anatomy of the Krusadai forms and I liave 
no hesitation in saying that there are two 
different species of Chlamydolhorax 
in our collection. SpengeTs specimens of 
Ghlamydolhorax ccylonim are not procurable 
from the University Museum of Giessen, or 
Berlin and none from Colombo Museum. 
It is unfortunate that Spengel did not 
leave on record a description of the internal 
anatomy of the Ceylonese Enteropneusta ; 
the situation becomes further complicated 
if we add another Enteropneusta also 
insufficiently described, viz., Pt. tricollar is 
(Schmarda) from Ceylon. 

In examining my material, I have kept 
these two undescribed or partly described 
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forms before my mind and I have come to the 
conclusion that Spengel’s Gh. eeylonioa is 
entirely different from Gh. bahamemis : and 
Schrnarda’s Pt. tricollaris is the adult 
specimen of Gh. ceylonica. In the paper 
which I am preparing for publication, I 
retain Gh. ceylonica as a distinct species in 
which case Pt. tricollaris should be treated 
as its synonym. The second species 
represented in our collection will be de- 
scribed as Gh. h usadiensis . I have assigned 
one of these forms to Spengel’s species, 
Gh. ceylonica, purely on the presumptive 
basis that this might have been Spengel and 
Schmarda’s forms, and yet it might happen 
that this species was not known to these 
authors. 

Central College, C. E. Nauayan Eao. 

Bangalore, 

August 8, 1934. 


Balaenopiera indica, Blyth. 

Mr. McCann’s note on the great Indian fin- 
whale published in Gurrent Science^ is 
interesting and obviously the writer is of 
opinion that this large whale deserves the 
rank of a separate species assigned to it 
by Blyth. Blanford- is not quite sure 
about tile position of the great Indian whale, 
for he observes that as already pointed 
out, this species is probably the same as the 
great northern fin-whale (B. sibbaldi). 


Beddard*”^ writing on the distribution of 
Bal{:enoptera points out that tliere seem 
to be no substantial grounds for retaining 
such species as B. indicay B. patachonica, 
B. schlegelii, etc. ” Blytlt^ relies on the 
comparative slenderness of the mandible of 
the Indian forms of the great fin-whale for 
elevating them to the rank of a distinct 
species : a specimen said to be 81 feet long, 
had a lower jaw measuilng only 21 feet. 
Collett"’ has mentioned that specimens of 
B. sibbaldi, measuring 80-90 feet long, liave 
lower jaw bones two-ninths of the total length 
and for a specimen 90 feet long Collett gives 
20 feet as the length of the mandibles. Mr. 
McCann’s measurement of the mandible of 
the specimen recently stranded in Bombay is 
in accordance with the above figures. In the 
absence of definite knowledge of the other 
external and internal characteristics of the 
Indian forms, it is risky to maintain that 
they constitute distinct members separable 
from B. sibbaldi. The occurrence of these 
whales in the tropical seas during summer 
which, according to the migration theory, 
should be found in tlie colder latitudes at the 
time, is no doubt a strong point, but will 
not constitute a character for creating a 
separate species. 

Central College, B. E. SnsriACUAR. 

Bangalore, 

August (S', 1934. 


The Silk Industry of Japan. 

By N. Eama Eao, 

Bid. Director of Industries and Gommerce in Blysore. 


M e. C. C. GHOSH’S monograpli on the Silk 
Industry of Japan (Scientific Monograph 
ISO. 8 of the Imperial Council of Agricultural 
Eesearch) is what a publication of this kind 
should be — a study by a competent sericul- 
turist of the Silk Industry of the premier 
sericultural country of the world. Such a 
study is sure to have been conducted witli 
insight, and with a mind keenly alert to 
educative value. The publication comes 
with dramatic fitness at a time when the 
Tariff Board enquiry has drawn attention to 
the importance of tlie Indian Silk Industry ; 
and the grant of protection, albeit inade- 
quate, for Indian Silk by the Government 


1 Curr. Sci.f 1934, 3, 1. 

2 Fauna of British India-— Mammalia, 1881-91, 
568. 


of India lias imposed on Silk-producing 
Provinces and States tlie duty of developing 
their sericulture in fulfilment of their implied 
promise to tlie Indian weaver and the Indian 
consumer. 

The organisation in Japan has evolved as 
tlie result of a purposeful policy working 
towards a clearly conceived objective. 
Japanese sericulture is an important expres- 
sion of Japanese patriotism, and nothing 
is more striking than the way in which the 
whole country, from the farmer to the 
Imperial family, has worked together for the 


^ A. Book of Whales, 159. 

^ Journ.As.Soc. Bengal, 1859,28, 488. 

5 Proc. Zool. Soc., 1886, 253 and Fauna Brit. 
Ind. Mamm., 1888-91, 567. 
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improvement of Japan’s most important 
industry. 

In the silk- producing parts of India natural 
conditions are quite as favourable as in 
Japan to the growth of the industry. The 
present reviewer, speaking with intimate 
knowledge of Mysore, can say without fear 
of informed contradiction, that this State 
enjoys exceptional advantages in climate 
and economic environment, and offers a 
practically unlimited scope for the expansion 
of sericulture. This was the opinion also 
of Italian and Japanese experts who visited 
Mysore, and went over the silk-producing 
tracts, with an eye to business. In Mysore, 
the industry is essentially connected with 
welfare. To quote the memorandum sub- 
mitted to the Tariff Board : 

The industry is of great economic 
importance to tlie State. In some form or 
other it provides employment to about two 
lakhs of families.. .. nearly a sixth of tlie 
total population. In the rural economy 
sericuture plays a very important part.... 
enabling the family to turn its waste time to 
account and earn a return which in many 
cases makes all the difference between a 
half-starved and hopeless life, and a self- 
respecting competence.” 

This can probably be said with equal 
truth of other parts of India, The Govern- 
ments of silk-producing states and provinces 
could not do better than follow in the foot- 
steps of Japan in regard to their Sericulture. 

The most striking features of the Japanese 
organisation are its comprehensiveness of 
scope, and the manner in whiclr the assist- 
ance of the State reaches out into its most 
minute ramifications providing here a frame- 
work, there a suggestion test or scrutiny, 
elsewhere a gesture or more substantial 
token of approval or recognition. This 
immanence, so to speak, of watchful solici- 
tude is calculated to inspire the worker witli 
confidence, and make him respond nobly. 
From the cultivation of mulberry onwards 
every process is being constantly watched, 
tested, improved and standardised with 
unflagging vigilance. The Government not 
only desires the maximum of industrial efTici- 
ency; it is most anxious to maintain the 
reputation of Japanese silk for quality in the 
world’s markets. There is no doubt that the 
success of Japanese sericulture is due to 
sustained scientiflc research, the results of 
which are promptly transformed into indus- 
trial practice by an admirable organisation 
which reaches the farmers, and to a careful 


study of markets made with a desire to 
supply tliem witli acceptable goods. As 
Mr. Ghosh says: — 

The secret of Japan’s success in foreign 
markets is (a) close and continued study of 
the requirements of these markets by special 
representatives, and [h) standardisation.” 

Of course, standardisation means careful 
supervision and scrutiny and a rigid enforce- 
ment of standards by conditioning house 
tests and what is even more effectual, by 
the enlightened public opinion within the 
industry itself. 

In Japan, standardisation is possible in 
the aggregate, because it is possible in 
every section of tlie industry. There is a 
distinet organisation for each part, which is 
so developed as to afford scope for special- 
isation in tliat part. It is difficult to 
conceive of an arrangement moi’c conducive 
to rapid practical progress. For instance, 
tlie preparation of mulberry grafts — for in 
Japan there is no promiscuous propagation 
from seeds and cuttings — is a specialised in- 
dustry giving employment to about 200,000 
workers. The admirably organised and con- 
trolled system of egg-manufacture supplies 
the huge requirements of the industry with 
disease-free liybrid eggs, carefully selected 
and crossed according to the nee(ls of each 
locality. This system furnishes employment 
to 8,000 establishments of scientiflc workers. 

The rearing is done under tlie supervision 
and guidance of experts engaged on a 
co-operative basis for tlio season, and tliis lias 
called into being a class of people who liavo 
to develop practical usefulness to eaim a 
living. Then there are oiganisations for 
stifling cocoons, selling them, and so on and 
so fortli, till tlie cocoons get to tlie reeling 
establi.shments, small and great, ranging 
from a girl witli a charka to fllatiir(^s with 
thousands of basins and woi*kers In 1927, 
the reeling factoi’ies 83,508 in number 
employed ‘l:()2,r)91 women ami 33,335 men.” 
In Japan it took 3[) years to revolutionise 
reeling and raise it from a state not very 
unlike ours to its present world-renowned 
quality. About 90% of Japan’s silk is now 
reeled in filatures. 

Though the bulk of Japan’s raw silk is 
exported, there is enough left to support 
a flourishing weaving industry. Japan has 
a considerable export in silk goods, thanks 
to the excellent organisation of weaving with 
the help of domestic looms and cheap 
electric power. 
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The monograph is so interesting and so 
packed with facts, that to quote is a temp- 
tation fraught with danger ; hut no apology 
is perhaps necessary for two short extracts on 
two matters of supreme importance to Indian 
sericulture — especially Mysore and Kollegal 
sericulture — namely, seed production and 
sale of cocoons. It is obvious that a defect 
in either will rob the farmer of the fruits of 
his labour. 

In Japan Eearers of silk-worms are prohi- 
bited by law from producing eggs for rearing. 
The Imperial Sericultural Experimental 
Station is engaged on testing silk-worms 
from all over the world, and selecting suit- 
able ones for Japan. It recommended for 
rearing the crosses of certain races. These 
races are made available to the Prefectural 
Experimental Stations which test them for 

local conditions. The parent 

worms are reared in the Prefectural Experi- 
mental Stations and made available to 
licensed seed-producers for producing P^ 
cross for the general rearer There are 

8.000 licensed egg-producers, and more than 

40.000 persons engaged in the sale of these 
eggs.” 

Perhaps the most notable achievement 
of the Sericultural Department in Mysore 
has been in this direction. Paces of worms 
from all over the world have been tested, 
and crosses selected such as would result in 


an increase of 40% in the return to tlie 
rearer. What is even more important is that 
the rearer, that most conservative member 
of a conservative race, has been educated to 
recognise and accept the improvement. But 
for want of sufficient grants from the 
Government, the industry has been denied 
anything like appreciable benelit from tliis 
great achievement. 

Again in regard to sale of cocoons : 

The recent development is sale tlirough 
co-operative drying societies. Government 
is encouraging and subsidising these in order 
to foster the trade in dried cocoons.” 

This is a measure well wortliy of adoption 
in all parts of India, except Kashmir whore 
silk is a state monopoly. 

The monograph is so economical in words 
that further condensation would probably 
result in unintelligibility, and we shall, there- 
fore, commend a study of the text itself to 
such of our readers as require more informa- 
tion than can be expected in a review. Tlie 
bigli message of Japan to India is seriousness 
and a realisation that the human value of 
industrial research lies in the speedy incorpo- 
ration of its results in industrial practice. 
Else, knowledge comes, but wisdom lingers. 
The example of Japan should teacli us 
how knowledge and wisdom can march liand 
to hand to prosperity. 


Research Notes. 


A Cathode Ray Furnace. 

The cathode rays produced in a rarified 
medium by a high tension current heat up 
very strongly any body (anti-cathode) 
placed in their path. This has been used 
by different experimenters to realise very 
high temperatures. Crookes (1879) was the 
first to make use of such an arrangement to 
melt platinum. In a recent paper in Bull. 
8oc. Ghem. de France, Feb. 1934, p. 262, M. F. 
Trombe has described with details another 
cathode ray furnace worked by a transfor- 
mer 110 to 20,000 volts, and utilising a 
current of 100 m.a. at the higli tension. It 
consists essentially of a quartz bulb of three 
litres capacity into which are ground the 
aluminium electrodes— cooled by a current 
of water— and the support for the anti- 
cathode. A plane window placed near the 
tungsten aiiti-cathode crucible makes it 
easy to observe and measure optically the 


temperature realised. Tlie apparatus is 
characterised by a regularity in func-tioning, 
and tlie temperature readies to 270()‘'C. in 15 
to 20 seconds. 

M. A. G. 


On a New Mass-Spectrograph. 

In the Zeitsclirlft fur FhysiJc (1934, 89, 
786), J. Mattaucli and E. Herzog describe a. 
new form of mass-spectrograph and tlio 
advantages it possesses over tlie forms used 
by Aston and Dempster. The focussing 
method of Aston utilises the prism-like 
action of tlie deviating hedds so that ions of 
different velocity but same mass come 
together to a focus, when the initial direction, 
of all the rays is the same. In the method of 
Dempster the lens-like action of a magnetic 
field is used to focus ions of the same velocity 
but issuing in different directions so that 
they come together. Now E. Herzog has 
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shown that a radial electric field or a 
homogeneous magnetic field act as a combi- 
nation of a prism and a cylindrical lens (Zs. 
f. Phys., 1934, 89 , 447). Hence if a canal 
ray containing particles of various masses 
and velocities is compared to white light, 
a combination of two such lenses should 
make it possible to obtain an achromatic 
image of the slit, one focus for particles 
of tlie same mass but different velocities and 
directions. The authors now describe a form 
of mass-spectrograph which makes it possible 
to realise such a focussing. The canal rays 
proceeding in all directions from a slit are 
subjected to the action of a radial electric 
field and then to a homogeneous magnetic 
field in such a way that rays passing out in 
different directions and also containing 
particles of various velocities are brought to 
a focus at a single point. For special values 
of the angle of deviation by the electric 
field, the foci corresponding to particles of 
dilferent mass lie on a straight line as in 
Aston’s instrument. The form of pole- 
pieces is calculated in the paper. The 
advantages claimed for the new form of 
mass-spectrograph are the following: 

(1) Since there is a focussing both w^itli 
regard to directions and to velocities colli- 
mation by means of two narrow’ slits is not 
necessary and the canal ray beam will be 
more intense and the accuracy of measure- 
ment will be increased. 

(2) Besides the greater sharpness and 
intensity of the lines, the resolving power 
for apparatus of similar dimensions is ten 
times as large as in the case of Aston’s 
instrument. 

(3) The mass-scale is simpler and easier 
to calculate than in the case of Aston’s 
spectrograph. The distances of the lines 
from a fixed point are proportional to the 
square roots of the masses. 

(4) The resolving power is the same all 
along the line of foci and for all masses. 

(5) The angle at which the rays meet the 
photographic plate is the same for all 
masses and is much larger than in Aston’s 
instrument. 

(6) Since the angle of deviation by the 
magnetic field is only half as large as in the 
apparatus of Dempster or Bainbridge where 
it is 180° the strength of the magnetic field 
need not be so large. 

The results obtainable with such an 
instrument would be interesting if all the 
conditions are realised in practice. 


On Demonstrations with very short Sound 
Waves and the Reaction of a Sound-Wave 
Field on the Source. 

In the Physihalische Zeitschriftj (1934, 
35 , 524), E. Meier describes improved 
apparatus for demonstrating the properties 
of a field of very short sound waves. In 
order to increase the intensity of the radia- 
tion, a parabolic reflector having a depth 
equal to twice the focal length was used, so 
that more than half the energy of the source 
was converted into a parallel bundle. The 
reflectors were made of brass plate 1 mm. 
thick and had a diameter of 50 cm. When 
a grating made of two or six slits in a plate 
covered the opening of the reflector and the 
whole apparatus wms rotated, the audience 
at successive positions could hear the sound 
when the diffraction maxima fell in their 
direction. For an objective demonstration 
sensitive flames were used. The flame was 
usually at the focus of a cylindrical para- 
bolic mirror which served also to screen the 
flame from other influences. Useful forms 
of the burner for producing the sensitive 
flame are described. A brass tube of 8 mm. 
internal diameter tapers conically to a 
diameter of 2 mm. in a length of 40 mm. and 
the total length of the tube is about 100 mm. 
Such a burner is not too sensitive and is 
well suited for an auditorium. The shape of 
Galton- whistle was also niodifled to obtain 
a series of plane wave-fronts. The article 
contains a figure sliowing the new form. 
During the course of experiments with the 
apparatus described, it was found that a 
plane reflector placed at right angles to the 
parallel beam from the parabolic reflector 
influenced the state of vibration of the 
source. When the reflector was moved 
to and fro in front of a whistle served 
with a stroDg blast, the sound of the 
latter waxed and waned. In the case of a 
weaker blast some positions of the reflector 
could be found at which the whistle was 
completely silenced. If the ear is ])laced 
near the whistle one only hears a siffiing of 
the escaping wind hut no sound. The corres- 
ponding positions of the reflector are situated 
at intervals of A/2. It appears as if the 
reflected wave interferes destructively with 
the vibrations of the air coining from the 
source. With a very weak whistle it was 
also possible to find positions of the reflector 
midway between the positions above describ- 
ed so that the sound was enhanced. 
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Geochemistry of Living Matter. 

The progress aoliiev^ed in Prof. Vernadsky’s 
laboratory devoted to the study of biogeo- 
chemical problems, forms the text of a 
contribution by TJvarov published in a 
recent issue of Nature ( 1931 , 134 , 11 ). A 
special laboratory devoted to the investiga- 
tion of the geochemical role of organisms 
was created by the Eussian Academy of 
Sciences in 1928 , and in the short period of 
its existence, a number of valuable results 
have accumulated from the labours of Prof. 
Vernadsky and his collaborators. 

The quantitative investigation of the 
chemical composition of living organisms has 
shown that certain organisms function as 
accumulators of definite elements ; thus ants 
accumulate manganese and Lycopodiaceae 
accumulate aluminium. The organisms 
which are geologically ancient possess the 
ability to concentrate a very wide range of 
elements. Vinogradov has, by means of a 
graph, demonstrated that every sixth 
element in the periodic table is of special 
significance to organisms. 

Another important problem studied in 
the laboratory is the atomic weights of 
elements obtained from living organisms. 
The hypothesis propounded by Vernadsky 
in 1926 , that living organisms possess selec- 
tive powers in utilising isotopes of the 
elements, has been experimentally verified by 
Loving and Druce, who have shown that in 
potato, the isotope 41 of potassium pre- 
dominates. In ordinary potassium, the 
chief isotope is of atomic weight 39 . 

These and several other problems relevant 
to tlie fundamental conception that living 
matter is a factor in the history of the eartli, 
are being investigated in the laboratory 
under the inspired leadership of Prof. V. I. 
Vernadsky and important results which 
would establish closer relationship between 
the organic and inorganic worlds are 
awaited. 


Vitamin C and Amylases. 

On account of their relation to carbohydrate 
metabolism. Vitamin C and Amylase are 
both important in cancer research. The 
influence of Vitamin C (Ascorbic acid) on 
amylases forms the subject-matter of an 
important communication by Purr (Eio- 
chem, J., 1934 , 28, 1141 ) from the Cancer 
Eesearch Laboratory, Pennsylvania. 

From a study of the effect on various 
animal amylases, Purr concludes that 


ascorbic acid possesses a specific activating 
influence on /3-amylase at the optimum plT 
6-8. The activation is linked with an 
increase in the transition point and in this 
respect is sharply differentiated from the 
activation by calcium salts and amino acids, 
where the transition is hastened but not 
affected. The activation of calcium salts 
and amino acids is observed only at a higher 
acidity (pH 5 - 1 ). 

The effect of ascorbic acid on plant 
amylases is altogether different ; an inhibi- 
tion is observed in all cases. Plant j8- 
amylases are strongly inhibited by reduced 
ascorbic acid but unaffected by the oxidised 
form, while in the case of a-amylases, the 
activity is inhibited by the oxidised form 
but unaltered by the reduced form of 
ascorbic acid. 

The author further observed that in the 
ripening grains — barley, rye, or oats — the 
a-amylase is progressively inactivated, and 
this is probably related to the gradual 
decrease in Vitamin C observed by Virtanen 
and collaborators, during ripening. 


The Beech Bark Disease. 

This serious disease, which has been known 
to exist in Europe since 1819 , lias, within 
the last fifteen years, been noticed to spread 
steadily and to cause extensive mortality 
among the beech trees in jST. America and 
Canada. A disease survey, by Ehrlich (Cana- 
dian J. Ees.j 1934 , 10 , 593 - 692 ) who 

investigated this disease in Canada, showed 
that in two areas as much as 50 % of the 
trees had been killed, and 90 % of the 
stands infected. The external symptoms 
of the disease are manifested by the gradual 
drying up of the foliage and twigs, tlie 
loosening of the bark in patches, and tlie 
ultimate death of the trees. 

The disease has always been associated 
with the appearance on the bark of a scale 
insect Grypiococcus fagi (Baer), which, by 
feeding, injures the underlying tissues of 
cortex and the phloem. The fissures thus 
caused, provide an entry for the fungus 
Nectria, which gradually invades the Phel- 
loderm, Cortex, Phloem and Cambium. 
This sequential attack by the insect and 
the fungus which was long ago indicated 
by Boodle and Dallimore and later by 
Ehumbler, has now been definitely estab- 
lished by Ehrlich by inoculation experi- 
ments. Morphological and cultural studies 
of the fungus are described, and data given 
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on the height of ascospore discharge whicli 
takes place after rain. Keitlier the insect 
nor the fungus by itself when placed on 
the bark was able to produce the disease 
symptoms on the tree. Inoculations with 
the fungus on mechanically wounded or 
Cryptococcus infested bark always produced 
infection. 

The fungus causing the American disease 
has been identified by Wollenweber as 
Neclria coecinea (Pers) Fries while the 
European species has been reported to be 
N. ditissima Tul. 

The disease can be controlled on orna- 
mental trees by the application of insec- 
ticides such as Carbolineum-Sunoeo oil, 
or Kerosene-soap emulsion. In the forests, 
removal of dying and dead trees and the 
possibility of' biological control are indi- 
cated as remedial measures. Growing of 
beech on broad ridge tops rather than on 
steep slopes, and early introduction of 
young supplies in place of old trees, are 
likely, in the opinion of the author, to 
mitigate the ravages of the disease. 

M. J, Karasimhan. 


Biological Effects of Heavy Water. 

E. Kewton Harvey has critically examined 
the results of previous workers on the effects 
of heavy water on animals and plants 
{Biol. BulL^ 193-1, 66 , 2). It has generally 
been known that heavy water has deleterious 
effects on the growth of micro-organisms but 
the cause of this action is not known. It is 
observed that lieavy water has no effect on the 
luminosity of dried cijpridina^ nor on fresh- 
water luminous bacteria but diminishes the 
luminiscence and retards the growth of 
marine bacteria. Protozoans and rotifers are 
seen to become gradually slow in their acti- 
vity resulting in death but Buglena, though 
affected by heavy water, recovers after 
favourable conditions are restored. A tenta- 
tive theory has been advanced that the 
deleterious effects of heavy water are prob- 
ably due to the accumulation of hydrogen 
peroxide. 


Chromosomes of Grasshoppers. 

T. Eamachandra Rao describes the struc- 
ture and the behaviour of chromosomes in 
the spermatogonia of Aularches in a recent 
contribution (Proe. Ind. Acad. Set., 1931, 
1 , 1). Aularches is a Pyrgomorphine grass- 
hopper and possesses 19 telomitic rod-shaped 


chromosomes. During the several stages 
in the mitotic cycle they offer strong 
evidences for the chromonema theory as 
recently developed by certain plant cytolo- 
gists. During the telophase processes the 
chromosomes gradually form vesicles, which 
show the presence of two thin intertwining 
cliromonemata embedded in a lighter matrix. 
This observation also confirms the views 
of Eobertson and McClung on the occurrence 
of telophase splits in Orthopteran chromo- 
somes. The two threads gradually become 
very thin and finally pass beyond the limit 
of visibility. The interpliase vesicles are 
quite independent of each other and during 
the prophase the cliaracteristic spirals arise 
entirely within the limits of their own 
vesicles. The sex-chromosome offers strik- 
ing pictures during the telophase when it is 
the first to diffuse and during the prophase 
when it is the last to re-condense. 


On the Morphology of the Epipubis, the 
Nobelian Bones and the Phallic Organ of 
Ascaphtis Truei Stejneger. 

Prof. C. G. S. de Yilliers in an interest- 
ing paper {Anat. Anz., 193-1, 78) describes 
some of the hitherto obscure points in the 
morphology of Ascaphus. The sub-pelvic 
skeletal rods which were supposed to be 
cartilaginous are now shown to be bony; 
these Kobelian bones are not cartilaginous 
derivatives. The prepubic skeletal element 
is cartilaginous and finds a homologue in the 
epsiloid process of urodeles or the epipubis 
of Xenopus. In two other animals the 
presence of epipubis has been noticed, 
Ascaphus and Liopelma. The musculature 
and vascularization are described. 


Depth of Oil. 

In a recent number of the Oil Weehly 
(1933, 71, Ko. 2), E. A. Jones has tried 
to answer the question ‘ How deep may 
Oil exist in the earth’s crust ! ’ For doing 
this he points out how necessary it is to 
know the depth to which porosity extends 
and proof of the existence of suitable rocks 
at that depth. In the light of the generally 
accepted geological estimates of the maxi- 
mum thickness of sedimentary rocks, the 
author advances the idea that petroleum 
may occur in certain basins at depths of 
20,000 to 30,000 feet below the surface. 
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Plagioclase Determination. 

E. C. Emmons of the University of Wiscon- 
sin has published a very important paper 
on ‘ Plagioclase Determination by the 
Modified Universal Stage' in the latest 
number of the American Mineralogist 
(June 1934, 19, No. 6). The paper 

describes a modification of Federov’s Uni- 
versal Stage which both simplifies and 


speeds up the procedure for the determi- 
nation of plagioclase felspars and their 
twin laws. The actual technique of this 
work is explained in detail and amply 
illustrated in the paper. It is also suggested 
that the same procedure may be extended 
to an intensive examination of all minerals 
in which optic orientation is a good diag- 
nostic criterion. 


Marchese Marconi. 

(Born 1874.) 


TN the history of engineering endeavour of 
^ recent times, the name of no worker is 
so widely known as that of the distinguished 
Italian whose sixtieth birthday on April 
25th was the occasion for tributes from 
every part of the globe wherever radio com- 
munication and broadcasting affects the 
daily life of the community. In contrast to 
those among scientists who insist that the 
pursuit of science is a form of self-expression 
and therefore an end in itself, Marconi has 
steadfastly adhered to the view that all 
scientific work has for its fundamental aim 
the promotion of human welfare and pros- 
perity. His is the unswerving devotion of a 
Jife-time to the pursuit of the great objective 
of developing radio methods for the commu- 
nication of intelligence between men and 
nations the world over. If his field of acti- 
vity has been a small patch in the vast 
expanse of scientific and engineering endeav- 
our, he has, nevertheless, been an intensive 
worker and a remarkably successful one. 
With the vision and courage of the pioneer, 
Marconi has worked persistently at his ideas 
undismayed by the scepticism of contempo- 
rary scientists and undeterred by the 
inevitable obstacles of vested interests. 

His contributions to the development of 
radio communication are remarkably impres- 
sive in both volume and quality. They 
began in 1895 in early youth with his experi- 
ments in his father’s garden, at a time when 
hertzien waves were yet a newly discovered 
scientific toy of the laboratory. But after 
Marconi entered the field, each year saw an 
increase in the distance bridged across, 
culminating in communication across the 
English Channel in 1895 and the wonderful 
and spectacular success two years later in 
bridging the Atlantic between Cornwall and 
Newfoundland. That great achievement of 
Marconi formed the starting point for the 


gigantic progress of the later years in the 
spread of world-wide radio communication, 
in which Marconi and his famous company 
have played so great and distinguished a 
part. 

We owe him the earthed antenna, the 
improved and extensive use of the principle 
of tuning, the use of parabolic reflectors for 
directional working, and many others. The 
world does not now remember the role 
played by Marconi’s improved coherers, his 
magnetic detector, the disc discharger, the 
timed spark and so on. Subsequent to the 
advent of that wonderfully versatile engi- 
neering insbriiment, the thermionic vacuum 
tube, Marconi and his able engineers have 
been responsible for the conception, deve- 
lopment and inauguration of the fii*st short 
wave directive system of radio telephony 
and telegraphy, which by ifcs spectacular 
success has revolutionised long distance 
radio communication over the earth. 

At sixty, Marconi is still active and has 
obtained during the last few years, interest- 
ing results in the use of extremely short 
waves of the order of a small fraction of a 
metre. It falls to the lot of few men to 
contribute so greatly to the growth of a 
world industry of such fundamental impor- 
tance and to witness its phenomenal growth 
from a mere scientific toy to a dominating 
influence in the daily life of the world within 
the short period of four decades in their 
lives. 

If honours from governments, honorary 
degrees from universities, membership of 
learned bodies in different lands and prizes 
and medals are any indication of a man’s 
worth, Marconi has them in abundant 
measure. The Mussolini regime has elevated 
him to a hereditary Italian marquis, and he 
is the first president of the newly formed 
Italian National Academy, the highest 


78 


CURRENT SCIENCE 


[August 1934 


scientific body in Italy. Great Britain lias 
given liim sympathy and encouragement in 
his work in generous measure and on her 
hospitable soil Marconi achieved many of 
his striking successes ; the Government of 
Great Britain created him a G.C.V.O. 
Equally abundant is the measure of publi- 
city that his work and movements obtain 
in the popular press of many lands. 


The increasing activities and prosperity of 
his company and its associates are alone 
sufficient to justify the hope that the years 
to come will witness further additions to his 
notable achievements and the wider spread 
of his fame as one who by his work as scien- 
tist and engineer has served humanity truly 
and well. 

E. E. 


Molecular Spectra. 


A SYMPOSIUM on the subject of “Molecular 
Spectra” wns held in the chemistry hall of 
the Indian Institute of Science. iVll contributions 
to tlie symposium were received in full in 
nclvnnce, prominent among them being those 
from Prof. R. Samuel of Aligarh, Prof. Venka- 
tesachar of Bangalore, Prof. K. S. Krishnan of 
Calcutta, Dr. Ganesan of Nagpur, etc. 

In presenting his paper on “ Tlie Ra.man Spectra 
of Selenates and Selenic Acid”, Dr. Ganesan dis- 
cussed the dyruamics of the AN4 model 
representing the SeO^-ion. In the state of 
solution the lines observed were 342, 415, 835 
and 875, wliile for the cryvStalline state the same 
lines occurred sharpei* but with slightly displaced 
frequencies. From the data for the solution 
state and applying Dennison’s formulas, the force 
constants for Se — O and 0 — O were calculated as 
4*72 and 0*59 respectively. The heat of 
dissociation for Se — 0 was found to be 86 K. cal. 
while the corresponding value calculated from 
thermo-chemical and band spectra data came 
out as 95 K. cak The spectrum of selenic acid 
differed from that of selenates,- just as in the case 
of sulphuric acid and sulphates, there being a 
greater number of lines which relate now to the 
molecul 0 IT oS e O 4 , 

An interesting discussion followed : Prof R. 
Samuel pointed out that the heat of dissociation 
cannot be entirely calculated from the Raman 
frequency alone, but a factor of anharmonicity 
in the vibrations must also be considered. Ihre 
Raman effect at higher temperatures should show 
the i)resenco of such an anharmonic factor. Pie 
also wanted to know whether there was any 
evidence for the existence of different kinds of 
Se— 0 linkages. Dr. Krishnan suggesteil that some 
of the discrepancies between the two dissociation 
values might disapx)ear if due corrections were 
applied for the ionisation energy, etc., in the cal- 
culation of the thermal dissociation energy. 
Prof. 0. V. Raman opined that the existence of 
only four lines indicated that the four bonds Se — O 
were identical, perhaps in particular for such slow 
infra-red oscillations. He referred to some earlier 
investigation by Bhagavantam on the Raman 
effect of benzene and carbon disulphide at higher 
temperatures, where no definite results were 
obtained. The lines should broaden out and any 
small shifts in the frequency will be particularly 
informative. Prof. VenkatesaeJiar pointed out 
that he and Sibai ya had observed a shift of the 
centre of gravity of Raman bauds to one side with 
rise in temperature. Dr. P. K rishnamurti remark- 
ed liow the SeO^ lines occur as two pairs, while 


the SO.i lines are uniformly spread out. This is 
due to the heavier Se atom, and the pfienomenon 
is similar in character to that observed with the 
heavier tetrachlorides as SiCTj. and TiCl4. 

Dr. K. R. Ramanathan and Dr. L. A. Ranidas 
then presented a paper on the further extension of 
the ultra-violet spectraui of the sun. The 
present limitations due to the ultra-violet absorp- 
tion band of ozone and of oxygen were analysed 
in detail, and it was shovn that the heights 
accessible with pilot balloons must be sufficient for 
the object in view. Accounts of the spectroscopic 
methods of estimating the amount of ozone 
present in the atmosphere, and of calculating the 
height of ozone layer were also given. 

A keen discussion followed in which Prof. 
Raman empliasised that generally in fitting a 
dispersion formula, the possible existence of bands 
in the extreme ultra-violet should never be 
neglected. Dr. Ramdas referred to the methods 
of determining the temperature of ozone layer 
as being about .500°. Dr. Ramanathayi in conclud- 
ing the discuvssion complained that most reports 
about absorption spectra did not include sufficient 
details such as vapour pressure, temperature, etc., 
required to estimate the amount of substance 
employed, and consequently the published results 
could not be used for meteorological purposes. 

Prof. R. Samuel presented a lucid account 
of the present state of knowledge regarding 
band spectra in general, and explained how a 
complete analysis of band spectra of diatomic 
molecules with the help of Franck-Oondon dia- 
grams, gives values of the dissociation energy 
in both the excited and unexcited states, and 
the harmonic and the anharmonic factors of 
inter-atomic forces. The anomalous cases where 
the energy of dissociation increases with the 
excitation state, and indeed so that the mole- 
cule in its ground state might consist of excited 
atoms, correspond to molecules with free valen- 
cies : the usual normal cases correspond to 
saturated compounds. The dissociation of mole- 
cules and their absorption spectra were then 
discussed and illustrated with the cases of I^, 
CO, COo and the silver halides, and it was 
particularly shown how AgCl in the vapour 
state must be a co- valent molecule, and not 
made up of ions like HCl. The absorption 
spectra of the alkali halides and of BeO and ZnO 
and the anomalous cases with free electron 
valencies such as NO, CaF, CdF, were described 
in detail, with tlieir Franck-Condon diagrams. 
It was postulated in this connection that in 
crystals also, there are co-valent links between 
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molecules, and that such a .postulate will explain 
the higli melting point, etc. 

The spectra of many triatomic molecules such 
as cadmium, zinc and mercury halides show 
continuous absorption. The atoms here are 
co-valently bound, while in PbCIg they can be 
shown to be electrovalently bound. The spectra 
of SO3, P2Sr,? PCI3, CloOjSCh were then described. 
They could be divided into two groups, the one 
such as SO3, and PCI5 in which the optical dis- 
sociation energy, is equal to the thermal value 
Dt, while in the other, such as PCI3, Dq is greater 
than Dt. 

The vapours of organic molecules such as CSo 
show the phenomenon of predissociation. In CHoCi 
and other alkyl chlorides, the continuous 
spectrum is independent of the alkyl chloride, 
but the band spectrum differs from case to case, 
and should therefore correspond to the c— x link. 
The calculated frequency for the link in the 
excited state is 1090, the corresponding Raman 
frequency for the unexcited state being 1210. 
From the spectra of ethylene dibromide, there is 
evidence for the interaction between the two 
C— Br linkages. After a brief account of the 
absorption spectra of organo-metallic compounds 
the speaker discussed the interesting results 
obtained with molecules in the state of solution. 
Here in many cases as wdth zinc iodide in alcohol 
the type of binding gradually shifts from co- 
valent to electro-valent with increasing dilutions 
presumably due to the influence of the dipole 
field of the solvent molecules. When other salts 
are added to the solution the positive or negative 
ions thus introduced cause characteristic shifts in 
the band maxima. The influence of the foreign 
ion can be either of the nature of a Stark effect or 
of a change in the internuclear distance. 

The theory of complex salts was next considered 
and it was argued that there could be no co-ordi- 
nate linkages here, but only the usual type of 
co-valent links. There can be no octet rule in 
general, and all the phenomena of valence can be 
explained on the basis of different grades of the 
same kind of linkage, viz., co-valent. There can 
be no single electron link, and the supposed co- 
ordinate link formed by the lone pair of electrons 
in the nitrogen atom is not possible, as these 
electrons are both of 2s type, and with a neutralis- 
ed spin. 

A brief discussion ensued, in which Dr. Govinda 
JR.au pointed out that tlie evidences for the exist- 
ence of co-ordinate links were quite considerable. 
The low dipole moment of CO, and the fact that 
Ni (CO)4 had no moment pointed to the existence 
of a co-ordinate link between 0 and O, in addition 
to tlie ordinary double bond. With a few more 
questions by Prof. Venkatesachar, Dr. Krishnan, 
and others, the discussion was terminated. 

Dr. K. S. Krishnmi then presented an account 
of the extremely interesting results that he has 
obtained in collaboration with Mr. Sesha.71 on the 
absorption spectra and fluorescence in single crys- 
tals of several organic substances containing a 
number of benzene nuclei and in potassium nitrate 
containing the flat NO 3-ion. The absorption in 
the two planes parallel and perpendicular to the 
flat molecules showed characteristic differences. 


This suggests that the quantum efficiency of photo - 
dissociation in such crystals may dex^end upon the 
polarisation of the light employed. A particularly 
interesting finding was that traces of impurities 
such as napthacene in diphenyl were also oriented 
in the crystal, and their presence was clearly 
brought oat in the analysis. 

Mr. T. S. Suhbaraya reviewed the present i^osi- 
tioh of our knowledge of the band spectrum of 
mercury and gave the results of a new vibrational 
analysis of five of the band systems which removed 
the discrepancies between the results of different 
investigators. A rather unusual fact pointed out 
by the author was that vibrational levels with 
vibration quanta which at first increased and 
then converged to zero were found in the common 
ground level of these bands which is accepted to 
be a state; the other results were, 

however, shown to be in accordance with theoreti- 
cal expectations. Since a stable molecule with a 
strong binding was not to be expected in the case 
of van der Waals forces alone, the explanation of 
the levels revealed by the new analysis was to be 
the subject of further investigation. 

In the discussion that followed Dr. Samuel 
remarked that since it is difficult to accept 
that the (^So+^Sq) state could possess such 
vibrational states as those discovered by the 
author, one might possibly get over the difficulty 
by assuming the ground state to be a 
state and the others to be also (^Pd-^P) states, 
ilf r. Subharaya replied that even here there would 
be difficulties since mercury vapour is known to 
be monatomic. 

Mr. Nageudranath gave an account of the 
refined methods that lie lias developed for calculat- 
ing the frequencies of tri-, tetra- and other 
poly-atomic molecules. 

Dr. M. A. Govinda JR.au then presented a paper 
on the comparative study of the Raman spectra 
of benzene and pyridine and the conclusions 
that could be drawn regarding the frequencies 
and modes of vibration of the benzene molecule. 
The trigonal symmetry of the benzene molecule 
was emphasised, and it was shown that the Kekule 
dynamic model for benzene was strongly 
supported by Raman spectra data. In a dis- 
cussion that followed Prof. Raman and Mr. 
Nagendranaih showed the mathematical dilficulties 
in accepting these interpretations which are so 
widely supported by Kohlrausch and several 
others. 

Mr. S. Kiilkarni .Tatkar gave an account of his 
experimental work on the Raman spectra of several 
organic compounds, and the elaborate xirecautions 
taken with regard to the purity of the substances 
employed such as cyclohexane. 

Other papers presented to the symposium were 
taken as read. Sir C. V. Raman in winding up 
the symposium thanked the several contributors 
and those who took part in the discussions, and 
referred in particular to Prof. B. Samuel whose 
enthusiastic co-operation in the x^roceedings made 
the symposium such a great success. It was also 
announced that all tlie papers presented in the 
symposium would be very soon published in the 
form of a monograph. 


M. A. G. 
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Micro-Climatology in relation to Crops.'*' 

By E. J. Kalamkar. 

{Agricultural Meteorology Branchy Boona.) 


a recent note^ the importance and scope of 
micro-climatological studies were discussed. 
The present note is a continuation of the above 
with special reference to conditions inside crops 
as compared to those in the ‘ open *. 

Influence of Vegetation on Micro -Climate. 

Not only does the climate of a place determine 
wliat crops or vegetation would thrive there but 
also the latter in "their turn modify the climate 
and in particular the “ micro-climate ”. 

The influence of plants on “ mi cro- climate ” 
would depend upon the nature of plant surfaces, 
the convective processes in the neighbourhood of 
plants and the height and density of vegetation. 

A surface of vegetation greatly alters the ther- 
mal conditions of the earth. Plant surfaces absorb 
solar radiation. A part of the absorbed energy 
is utilised in transpiration and photosynthesis 
while the rest of the energy goes to increase 
the temperature of the plant material which also 
loses part of the energy by emission of thermal 
radiation. Transpiration and evaporation from 
plant surfaces also play an important part in 
controlliug the distribution of moisture in the air 
layers near the ground. 

The convective processes in the neighbourhood 
of plants differ from those in the open. Inside 
vegetation air movements are feeble and loss or 
gain of heat by convective processes is correspond- 
ingly suppressed. 

Apart from the direct effect of solar radiation 
on plants there is also the sliading effect of plants 
on the surface of the soil according to the density 
of^ foliage. This decreases ground heating. The 
micro-climate is influenced by the height and 
density of vegetation and therefore by the stage 
of grow'th of a particular crop during the growing 
season. Four stages in the evolution of plant 
climate may be broadly distinguished,- 

In the first stage the seeds have just sprouted, 
the ground is yet bare and so the micro-climate 
is not essentially different from that over bare 
ground . 

^ In the next stage, there is a lateral spreading 
simultaneously with vertical g*’owtb, with com- 
plete shading of the ground. The seat of diurnal 
transfer of heat is still near the ground but the 
micro-climate differs from that over bare ground. 
The temperature range at the ground is now 
considerably reduced. 

In tlie third stage plants grow in lieight and 
foliage is more uniform with height. An inter- 
space between the ground and the surface of 
vegetation is also created. The top surface of 
the crop absorbs solar radiation during day and 
radiates heat during night. It therefore acts as a 
second active surface besides the ground. 


* Report of a lecture at the Colloquium, 
Meteorological Office, Poona, on the 26th June 
1934. 

^ L. A. Hamdas, “Micro-Climatology,” Curr. 
ScL, 1933-34, 2, 445. 

2 Von Dr. Budolph Geiger, “ Microklima und 
Pflanzenklima,” Randbuch der klimatologie, 1930, 
Band 1 , Teil D. 


In the final stage, c.r/., in case of a forest, the 
foliage near ground is less, the second active layer 
is raised farther from the ground and appreciatde 
air movement is possible in the interspace. 

Micro-Climatic Observations inside Crops. 

Measurements of air temperatures and humidity 
at various heiglits are being taken daily inside a 
few crops and in the ‘ open ’ in tlie Agricultural 
Meteorological Observatory, Poona, at the epoclis 
of maximum and minimum temperature by means 
of an Assmann Psych romoter. Observations in 
tlie ‘open’, jowar, and sugarcane, indicate that 
while pronounced differences are found in the 
micro -climates of tliese crops as compared to the 
‘open’ at the epocli of maximum temperature, 
the differences are not so great at the epoch of 
minimum temperature. 

Maximum Temperature Epoch. 

It may be observed that at the maximum epoch, 
the dry bulb temperature in the ‘open’ is very 
liigh near the ground and falls rapidly witli lieight 
during clear weather. Temperature inside jowar 
near the ground is lower than in the ‘ open but 
at liigber levels it is slightly higher tlian at cor- 
responding heiglits in the ‘ open 

In the case of sugarcane (an irrigated crop) the 
dry bulb tempei'atures near the soil are much 
lower than those in the open as well as those inside 
jowar (an unirrlgated crop) and they have a 
tendency to increase with height, but even at 0 ft. 
it is about 2° lower than that of the ‘ open ’. The 
largest difference between ‘ open ’ and sugarcane 
is 14°0. near soil, 5*5°C. at 2 ft., and 3°0. at 4 ft. 

There is a tendency for vapour pressure to 
decrease rapidly with lieight and inside crops the 
moisture content is higher at all heights than in 
the ‘ open ’ . 

Minimum Temperature Epoch. 

Variation of micro-climate is miicli less at the 
epocli of minimum temperature. The dry 
bulb temperature decreases at first with height 
both in the ‘ open ’ and inside crops and then 
begins to increase, the level of inversion being 
about O'" in the ‘open’ and about 2 ft. inside 
jowar and sugarcane. Temperatures inside jowar 
and sugarcane are higher than in the ‘ open ’ but 
tend to the open air value at higher levels. 

Vapour pressure in the ‘open’ is throughout 
less than that inside crops. In the ‘ oy^en ’ as 
well as inside jowai it increases with height. In 
sugarcane, however, it decreases w^itb height in the 
lower levels but variation is negligible after 3 ft. 
Vapour pressure inside sugarcane continues to be 
higher than in the ' open ’ and inside jowar at this 
epoch also. 

Correlation of Micro -Climate of Crops with 

THAT OP THE ‘ OpEN’. 

It would also be interesting to investigate 
whether the conditions inside crops could be 
expressed in terms of those outside. If the 
correlations are high and significant, then past 
observations in the open may be adjusted so as to 
give conditions inside crops. Analysis of some of 
the results for tall crops show that the morning 
correlations of dry bulb, vapour pressure, wet 
bulb and relative humidity inside the crops with 
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ose in the ‘ open’ are uniformly high, whereas 
-blaose for the afternoon are smaller, especially at 
lower levels. 

^Further studies on these lines and for different 


crops have to be continued at a few representa- 
tive centres before definite conclusions could be 
drawn. The results obtained so far are being 
discussed in detail elsewhere. 


Agricultural Education in India. 

By Dr. B. IST. Iyengar, b.a., pIi.b. (Gottingen), 
Deputy Director of Agriculture^ Bangalore. 


^T^HE short note on the above subject by Mr. 

Agar wala published on p. 33 of July issue of 
■fclae Journal tempts me to make a few observations. 

Beaving aside the post-graduate institutions at 
DPusa and Bangalore mentioned by the author, all 
other institutions may be said to serve the 
X>'<JLrpose of training upper and lower subordinates 
to various Agricultural Departments in the 
oountry. Though Agricultural Colleges were 
established with a view to train up practical and 
soientific agriculturists, they seem to have failed 
to attract sons of the landed gentry who by virtue 
of their position and wealth may reasonably be 
exipected to go back to their estates, run farms on 
TYxodern lines and thus set examples to their 
tenants. Unless the Zamindars and large estate 
owners realise their duties towards their tenants 
a,rid set an example to them by running a home 
themselves, agricultural improvement in 
tlais country may not go forward at a sufficiently 
nsLpid rate. It is well known that most of the 
^agricultural improvements brought about in 
rrCxigland and other European countries are mainly 
diae to the efforts of landed gentry in those 
oountries. Even to-day, it is private land-owners 
in England that are leading the country in the 
matter of stock as well as plant breeding. Even 
in the establishment of research institutions, 
j^fivate people gave the lead in England as is 
well known by the history of Rothamsted, the 
;p>r*emier research institution of the world. 

The course of studies followed in Agricultural 
Oolleges of this country may be eminently suited 
to train good agricultural demonstrators for 
fcJxe subordinate services. Still it seems to be 
defective in a few essential points. The 
economics of agriculture are taught on farms 
W'liere the plots are necessarily small and cost of 
CTO-ltivation consequently high. The practice in 
Ej urope is to ask students to go and work on 
p>rivate estates which are run on business lines and 
^et certificates from the proprietors to the effect 
fcliat the students have worked satisfactorily and 
^understood the economics of crop production, 
ima-nagement of labour, etc. Till such places of 
p>i?actical training are established by private 
p>d‘Sons in this country, it seems desirable for 
every Agricultural Department to run at least one 
Ca.rm on commercial lines making use of the 


successful results of all experiments to show their 
money value by practical demonstration and not 
merely by propaganda. 

Such a step naturally brings witli it a change in 
the course of studies. A theoretical course 
combined with practical demonstrations and 
plenty of worksliop practice in modern agri- 
cultural implements and machinery should be the 
main feature in the early part of the course. The 
practical course to be followed later on must be 
devised for two kinds of students :-(a) sons of the 
landed gentry to enable them to go back to their 
own estates and become leaders in their respective 
areas, {h) people who desire to take up service as 
demonstrators, farm managers and such like. 

At present, practical work such as ploughing, 
forms an examination subject and a certain 
amount of proficiency is expected in it. Such 
practical examinations should be modified to suit 
various types of students. Just as Engineers are 
not examined in the practical work of road 
making, trench digging, brick making, wall 
construction, mortar grinding, etc., too much 
stress on proficiency in practical field operations 
of agriculture does not seem to be necessary in 
the case of those who are to manage estates and 
are not expected to do the work themselves. 

The second type of institution is the agricultural 
school where boys of the cultivating classes get a 
training in the theory and practice of agriculture. 
They are mostly vernacular schools. Even in 
these schools much time should not be spent 
on operations which the boys can learn from their 
elders on their own fields. As the European 
farmer says, boys must be taught things wliich 
they cannot learn in their own place, e.g., about 
modern implements, new manures, methods of 
seed selection, etc. Even in these vernacular 
schools, a large majority of students seem to 
be from non-agricultural classes and go through 
the course simply with the object of getting into 
the lower ranks of service. Consequently, steps 
have to be taken to attract boys who will go back 
to cultivate their own lands and practise an 
intensive system of agriculture. 

It would be seen from the above that the whole 
system of agricultural education needs to be 
overhauled to suit various types of students that 
are to be benefited by it. 


Himalayan Expeditions, 1934. 


X HE two Himalayan Expeditions, which at- 
tempted to negotiate the unconquered peaks 
oT the Himalayas, have both been abandoned. The 
German Expedition, led by the well-known Herr 
XVilly Mercle, was given up under tragic circum- 
3 t>£tnces, the leader having met his end with three 


of his companions and a retinae of porters, before 
they proceeded very far. Another Expedition 
which was organised by the Indian Himalayan 
Expedition Club, did not materialise, as it is 
understood, necessary permission was not granted 
by the Government of India. 
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International Commission on High Dams. 


*T^HE First Congress of this International Oom- 
mission was held in Stockholm during June 
and July 1933. A number of very interesting 
papers were read by recognised authorities on the 
subject. These have now been published as the 
Proceedings of the First Congress in five volumes 
under different sub-heads. A short review of the 
papers dealing with the sub-head Study of 
Physical Laws Governing Infiltration of Water 
through Eartli-field Dams or Masonry Weirs on 
Sand Foundation ”, is given below. 

With regard to the different forms in which the 
water appears in the earth, the classification 
adopted by Z linker^ is mentioned and in connec- 
tion with the same it is observed that the following 
forms with reference to the movement of water in 
dams must be examined : 

1. The true seepage flow, that is to say, the 

movement of water which takes place 
exclusively under the influence of gravity 
and friction. 

2. The capillary seepage flow in which, in 

addition to gravity and friction, capillary 
forces affect the movement. 

The first case occurs when the flow is below a 
masonry weir under sand foundation or such 
other oases where there is no free surface of water 
in the sand medium. The seepage flow is a 
l^otential flow aud can be treated mathematically 
according to the laws of potential theory.- As is 
shown by many tests^ Darcy's Law holds good for 
this movement. Special emphasis is given to the 
electrical method^ of investigation, which can, if 
necessary, be supplemented by trials with dam 
models through which water is flowing. The 
theoretical flow process can be completely and 
fully deduced from a complete flow diagram 
showing the network of flow and potential lines. 
The volume^ of water flowing below a masonry 
floor can also be calculated. 


^ F. Zunker, Hcindbuch der Bodenlehre, 1030. 

6Bd. 

2 Ph. Forchheimer, Zur Grundwasser'beioegung 
nach Isoihermischen Kurvenschareni Wien, 1917. 

2 Ih. Rehbock, Sickerwasserbewegung im 
Erdreich.” Proceedings of the First Congress of 
High Dams, 1933. 

^ N. N. Pavlovsky, The Theory of Groundwater- 
ft.oii) under Hydrotechnical Structures, IT. S. S. R. 
Leningrad, 1921. 

5 T. Schaffernak and R. Dachler, Versuchs- 
technisclie Losung von Grundivasserproblemeii. 


When the medium througli which water is 
flowing is not homogeneous the problem is more 
difficult ; however, one can arrive at the move- 
ment of the water within each homogeneous layer. 
In addition to the usual boundary conditions 
which obtain with soils that are homogeneous 
throughout, there must also be taken into consi- 
deration the condition for the transit of water 
from one material to anotlier. The model riile^ 
that must be complied with, in such cases in 
order to achieve similarity of stream line dia- 
grams both in the model and the prototype, is 
that the ratio between the coefficient of perme- 
ability of the individual layers under tlie model 
to be in strict conformity with that of the 
corresponding strata in nature. 

Two types of flow are to be distinguished in 
connection with the capillary seepage flow 
(fl) The accompanying capillary flow— this 
refers to that movement of the water 
which occurs in the strip of soil that lies 
above the zone of the free seepage flow. 
(&) The capillary seepage flow— in this case the 
water is always free, that is to say, it does 
not fill the whole of the pore space. 

The laws governing these types of flow are still 
entirely unknown. For the builder of earth- filled 
dams, it is above all tilings very important to 
know the correct position of tlio seepage line. It 
has been shown’^ that for simple cases the 
theoretical flow diagrams agree with the condi- 
tions in a model and one may expect that this 
agreement will be maintained to a sufficient 
degree in the actual dam. It is stated that the 
capillary flow acts quite differently in tlie model 
and the prototype and as a result the laws for 
model naturally lose their value unless it is 
possible to apply the same model laws for the 
capillary flow. This would be possible if a liquid 
is used in the model the capillary elevation of 
which was equal to l/nth(H the scale ratio of 
the model) of the capillary elevation in the soil of 
the prototype. 

N. I\. Bose. 


0 R. Dachler, Uber SickeriiuissersirUniungeyi in 
gescMclitetem material . 

7 B. Korner, Erfbrschung der PhysikalistFen 
Gesetze, nach ivelchen die Diir(‘hsic.heru.ng des 
Wassers, durch eine Talsperre, order durch den 
Untergrund staitfindet. 

8 R. Dachler, Der Sickervorgang in Danwihbs- 
chungen. 


International Conference of Physicists. 


T IN DER the auspices of the International Union 
^ of Physics and the Physical Society a Con- 
ference will be held in London in "^October, 
Professor Millikan and Lord Rayleigh presiding. 
The business of the Conference will include a 
discussion on nuclear physics, and a discussion 
on certain aspects of the theory of the solid state 
of matter. There will also be presented to the 
Conference a report from the Symbols, Units and 
Nomenclature Commission of the International 


Union of Pliysics. By the courtesy of the Presi- 
dent and the Managers of the Royal Institution, 
the London meetings will be held in the Ijccture 
Theatre of the Institution. At the invitation of 
Lord Rutherford the Conference will meet one 
day at the Cavendish Laboratory in Cambridge. 
Among the social events of the week will "be 
included a reception by the President and Council 
of the Royal Society and . a visit to the National 
Physical Laboratory. . 
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Science 

Al-.KindVs Theory of Colour of the Sky. — Mr. i 
Zaki Uddin of the Muslim University, Aligarh, 1 
writes: — ‘‘C. Brockelmann {Gesch. der Arahischen 
Litendiire, Vol. I, p. 209) has mentioned only a few 
of the surviving manuscripts of the great Arab 
Philosopher and Scientist Yaqub b.Ishaq al-Kindi, 
wlio has written about 300 treatises on various 
subjects of science and other branches of know- 
ledge. Out of these manuscripts one No. MSS. 
Sed. Arch.. A. 32, p. 374, preserved at the Bod. 
Uibrary at Oxford and at Constantinople Aya Sofya 
Library MSS. No. 4832 is not only important 
for a student of modern science but also interest- 
ing. This MSS. deals with the explanation of the 
blue colour of the sky, and is the first manuscript 
available for adding to our knowledge regarding 
the theory of colour between the age of the Greek 
Speculators and the famous Arab Scientist, Ibn- 
al-TIaitham ( Alhazen with Latin name). Although 
a number of speculations regarding the cause of 
the colour of the sky can be found scattered here 
and there, it was not before al-Kindl that an 
authentic explanation was given. The important 
treatise of Aristotle (Opuscula, Oxford 1913) 
dealing with the General theory of colour does not 
contain much about this problem. 

“ Recently the MSS. has been edited and trans- 
lated into English by Prof. Dr. O. Spies, Professor 
and Chairman, Department of Arabic, Muslim 
University, Aligarh, and by me. The translation 
reveals a number of interesting points and it would 
be worthwhile to consider and compare the ‘ old 
crude ideas ’ of the ancients with the modern 
view. 

•‘We know to-day that the colour of the sky 
is due to the dispersion of the rays of the sun by 
the atmosphere. This is the result of the investi- 
gation of the modern physicists.” 

When we read in the manuscript of al-Kindl 
the following, we cannot but appreciate ‘ one of 
the twelve greatest minds of the world ’ ( according 
to Cardano) : — 

“ Now above us, shadowy air has become visible 
on that what light of the earth and the light of the 
stars mixes colour in the middle of the shadow and 
light and that is the blue colour. So it is evident 
that this colour is not the colour of the sky but it 
is a thing whicli is exposed to our sight.” 

A detailed account of the theory of colour of 
al-Kindl with the original text and translation 
will bo published elsewhere. 

(It would be worthwhile to draw the attention 
of the students of optics interested in the work of 
Tbri-al-ITaitham to the Corpus of al-Kindl’s works 
discovered by H. Ritter {Archiv Orientelni, 
Prague, 1033, pp. 363-372) and by me at the 
Oriental library at Patna dealing with the theory 
of propagation of the rays of the sunlight. The 
later MSS. entitled “ visala fi mutarih ash-shua ” is 
a copy of an older MSS, of the “ madrasah al-Kami- 
lia” at Cairo, and was copied in the 8th century 
A.TT. It would be interesting to publish a transla- 
tion of the same.)” 

♦ * 

Earthquake in the Pnnami. Canal Zone.— An 
earthquake shock of great intensity at its origin 
about 10,200 miles from Bombay was recorded by 
the Colaba seismographs at 7 lirs- 26 mts. I. S. T. 
on Wednesday, the 18th July 1934. It appears 


Notes. 

from the newspaper reports that the shock origi- 
nated near Costa Rica in the Panama Canal Zone, 
The earthquake is reported to have caused 
considerable loss of life and damage to property. 
A concrete work recently built at a cost of 
£ 60,000, in Puerto Armuelles was compl.etely 
destroyed. 

* sjs * 

Asiatic Society of Bengal. — An ordinary meeting 
of the Asiatic Society of Bengal was held on 
Monday, the Cth August. One of the interesting 
papers that was presented before the meeting was 
on the “ Saddharmapaiindarika. : A. Collection of 
Central Asian Memoirs of the I.otus of the True 
Law”, by N. Miranov. From Ids study of the 
different sets of the Central Asian Manuscripts, 
the autlior distingidshes, according to the script, 
two groups of manuscriirts : (1) Those in the 
Upright Gupta Script, and (2) those in the 
Calligraphic Upright Gupta Script. ‘‘ From the 
comparison of the different sets with other 
Central Asian Manuscripts and witli the Indian 
epigraphic monuments, the author assigns tire 
first group to the .5th-6bh centuries, and the 
second one to the 7th century. A cornpari.son 
with Chinese versions permits to fissign tire 
recension of the text represented by the 1st group 
to the 3rd century xV.D. and the text of the 
Calligraphic Upright .Manuscripts to tlie Cth 
century. Up to the present cldcfly manusciapts 
of the latter group have been imbUshcd or made 
use of (like the manusciipt of the Bibliotheca 
Buddhica Edition studied by Kern), those of the 
first one are comparatively little known. 

“ The present collection contains the remains of 
manuscripts in the Upriglit Gupta Script, 
whereof one(A= 1 2N°N® or 2.7 Frgg.) belongs to the 
oldest stratum (middle of the 5th century), while 
the two others (B and C=20N°N° or 31 Frgg.) are 
slightly younger going back to the (ith centuiy. 
The manuscript in the Calligraphic Upright G upta 
(D) is represented but by 2N°N° (=7 Frgg.). 

“The author has added, in an api^endix, tlio 
edition of five Frgg. of the ‘ Ijotus ’ from tl\e 
Collection (India Office Library, London), 
of which two (S. I, S. II), written in the Upright 
Gupta Script, are three almost complete leaves, 
while the rest are important from tlie literary 
point of view, giving nearly the same text as some 
Frgg. of the Otani Collection. 

“ The author has, in his paper emphasised the 
far-going deviations of the Central Asian recen- 
sions, as far as the language is concerned. The 
manuscripts in the Upright Gupta Scrix)t are 
written througliout in mixed or Buddhist Sanskrit, 
i.e., represent a Prakrit base overlaid with a 
faint Sanskrit varnish. Considering tl)e impor- 
tance of this form of speech of which no Buddhist 
text is free, the author bas compiled a grammar 
of bis texts dealing with both the Phonology and 
Morphology; he has tried to assign the proper 
place among the Prakrit languages to the dialect 
to which Buddhist Sanskrit goes back. Such a 
grammar will be useful to any student of 
Buddhist literature, a systematic treatise on the 
subject being badly lacking. Our present 
knowledge of Buddhist Sanskrit is confined to a 
few accidental notes in the editions of Buddhist 
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texts (not to speak of Rajendralala Mitra’s work i 
of the early eighties which is out of print) . | 

iK * * 

An Unusual Meteor. — Mr. Zaki Ud din of Aligarh 
University writes : On Monday, the 23rd July 
1934, at 9-30 p.m. an unusual meteor appeared 
above tlie clouds that hovered over the horizon of 
Aligarh. The meteor started from South-West 
and travelled South-East at about 50° with 
unusual brilliance, lighting the ground for about 
15 seconds. At the beginning it appeared like a 
ball of fire, that afterwards developed a source of 
extraordinary light. Later on, it began to emit 
bright bluish light, and just before disappearing 
increased in brilliance and split into two portions 
at about 20° from horizon. It is said to liave 
fallen near Hapur about 40 miles from Delhi. 
Gdus phenomenon observed was extremely 
abnormal. 

♦ 

Sugar Industry in India, 1932-33. — Revieio by 
R. C. Srivastava . — During the last few years 
tlie sugar imports to India have rapidly 
declined as a result of the grow’th of Indian sugar 
industry which has increased the production of 
white sugar under the very favourable protective 
tariffs. Almost coeval with the rise of factory 
industry the ‘ Khandasari ’ or open pan system 
has also expanded and its productive figures have 
been mounting in the recent years. Results on 
the agricultural side are also marked. Although 
the acreage under cane has increased by 10% cane 
production itself has risen by about 30% which is 
due to the increasing adoption of improved varie- 
ties of cane, ^^n examination of the sugar produc- 
tion figures for the last thirteen years shows the 
beneficial effects of the tariffs on the industry 
which has suddenly increased the output of sugar 
at the closing years of the said period. Also there 
has been an increase in the number of new facto- 
ries erected for operation. 

Technical and scientific work on cane breeding 
at the Coimbatore Station has produced several 
improved varieties of cane now being adopted in 
the different provinces with success. Some of the 
varieties CO 281 and CO 290 have been recognised 
in Queensland and Natal as disease-resisting. 
Among the other varieties may be mentioned 
CO 218inU.P., CO 205, 223 and 285 in Punjab, 
CO 213 in Madras which have beem extensively 
grown and found to be very satisfactory in the 
respective provinces. 

Total sugar machinery imports during 1932-33 
exceeded a crore and a half rupees, nearly two 
thirds of this amount being spent on British 
machinery alone. Among the 58 newly erected 
factories two plants have been entirely built in 
India and are quite up-to-date. 

Due to the recent expansion of the home 
industry not only have the imports of sugar, both 
by lanrl and sea, diminished and total home pro- 
duction risen, but there was practically no import 
of guror jaggery from neighbouring countries. 
Java has suffered in her sugar trade by the Indian 
import duties as also by the Sino- Japanese conflict 
in Manchuria and England’s relinquishing of the 
Cold Standard. As a result of the accumulation 
of largo stocks measures of restriction of production 
and centralisation of selling control were adopted. 
Cuba also had to face a severe disappointment as 
even the Chadboiirne agreement failed to raise the 
level of prices and Cuba losing a large share of her 


American market had also to close down 50 out of 
183 centrals. As compared with the previous year 
there was a decline of 3 *2% in the total world 
sugar production there being a 16 *4% fall in 
Europe’s beet sugar alone in 1932-33. 

The prospect of Indian Industry is hopeful 
especially in view of the check which the fear of 
an unhealthy expansion of the industry under 
very favourable tariffs has received from the new 
excise duty levied by the Government. Tlie 
problem, liowever, of raising the Indian sugar 
consumption which has remained at a very low 
figure has still to be faced, otherwise the industry 
is threatened with the evil of over-production in 
the course of a few years. 

* * Sf! 

According to a report in the Chemical A(fe tlie 
Maharaja of Kolhapur lias granted to a British 
Syndicate the monopoly of commercially utilising 
the mineral deposits of tlie State, especially 
bauxite. The Syndicate will be formed by the 
promoters of the sclieme and it is said that 
Sir Basil Blackett will be tlie Managing Director. 
An important Aluminium Industry may come into 
existence in the State. 

♦ * * 

A joint meeting of the Society of Biological 
Chemists, India, and the Grant Medical College 
Physiological Society was held on Friday, 27th 
July 1934 at 3-30 p. m. in the Physiology Theatre 
of the Grant Medical College when Prof. 
R. H. Dastur read a paper on “ The Cliemical 
Mechanism of Respiration ”. 

Major S. L. Bhatia, Dean of the Grant Medical 
College, presided. 

s)c ♦ ♦ 

Biochemical Society, Calcutta.— W\th the object 
of the promotion of biochemical studiiss and 
research a Biochemical Society has recently been 
formed at Calcutta. The Society was formally in- 
augurated on the Cth July at the All-India Institute 
of Hygiene and a paper on the ‘‘Metabolism of 
Carotene ” by Dr. B. Ahmed was read. It luis 
been arranged to hold monthly meetings for 
biochemical discussions and reading of or*iginaI 
papers, reviews, etc. 

The first Committee of the Society has been 
composed of the following : — 

Prof. N. M. Basu, Lt.-Col. T. 0. Boyd, 

Prof. Sudhamoy Ghosh, Prof. .1. N, Mukhorjee, 

Dr. B. B. Sen, Prof. H. K. Sen, Prof. If. E. C. 

Wilson, with Dr. B. C. Giiha as Ilony. Secr(‘tary 

and Dr. B. Ahmed as Ilony. Treasurer. 

The Society has already evoked an all-round 
response as the lack of a common meeting ground 
lias been felt for some time by the local workers, 
and successful meetings are being hold. It is 
hoped that the Society will help to advance the 
cause of Biochemistry in India. 

:jc ♦ 

Royal Institute of Science, Bonihay.—Mr. K. II. 
Vakil, Member of the Advisory Board of the 
Institute, specially visited the Institute to insi)ect 
the research equipment. 

The Institute was closed on 27th July as a 
mark of respect to the memory of Sir Cowasji 
Jehangir (Sr.) whose death took place on 26tli 
July at Poona. The late Sir Cowa.sji Jehangir 
was one of the three leading persons responsible 
for the foundation of this Institute, donating 
altogether about Rs. 71 lakhs. A condolence 
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resolution was passed at a meeting of the staff 
and students. 

Prof. Gunjikar (Prof, of Mathematics) is 
proceeding on a short leave out of India. Mr. S. D. 
Mancrikar, b.a. (Cantab.), will work during his 
absence on leave. 

Dr. N. R. Tawde, B.A., M.sc., ph i). (London), 
A.inst.p., is appointed Lecturer In PJiysics. 

:lc jls 

Calcutta University —It is understood that Mr. 
Syaina Prasad Mukherjee, son of the late Sir 
Ashutosh Mukherjee, has been appointed Vice- 
Chancellor of the Calcutta University, in place of 
Sir Hassan Suhrawardy whose term of office 
expires this year. It is also understood that tlie 
Syndicate of the University have recommended 
that the degree of Doctor of Science be conferred 
on Sir Suhrawardy, retiring Vice-Chancellor, at a 
special convocation to be held at tlie Government 
House in the first week of August. 

* 

Prof. H. E. Watson, lately Professor of General 
Chemistry, Indian Institute of Science, Bangalore, 
has been appointed to the Ramsay Memorial 
Chair of Chemical Engineering at University 
College, University of London, in succession to 
Prof. W. E. Gibbs. 

^ * 

The Tenth International Exhibition of Inven- 
tions will be held at the Central Hall, We.st- 
minster, London, from October 3 to 13, this year. 

German Association of Men of Science and 
Physicians. — According to a report appearing in 
Nature^ the Ninety-tliird Meeting of the Associa- 
tion will be held at Hanover on September 10—20. 
“This is the first meeting under the new constitu- 
tion and an impressive proclamation of German 
Science is desired. Exhibitions and Excur.sions are 
X)lanned. The Exhibition dedicated to ‘ Deutsche.s 
Volk — Deutsche Arbeit ’ is to give a picture of the 
history of German race with emphasis on heredity, 
genetics and eugenics and also on Chemistry as a 
domain in which intellectual leadersliip is funda- 
mental for industry.” 

^ ^ 

Scripta Mathematica Library.— Mathe- 
rnatica has in the course, of preparation a series 
of small volumes to be known as “ The Scripta 
Mathematica Library ”. This series will deal with 
the history and philosophy of Mathematics and 
with its relations to the other great activities of 
the human spirit. Each volume will contain at 
least 96 pages. Some of tlie proposed titles are : — 
(1) Poeti-y and Mathematics and otlier essays— 
by David .13iigene Smith ; (2) Matlieinatics and the 
question of Cosmic mind with otlier essays — by 
Prof. Cassius Jackson Keyser, and (3) Fabre and 
Mathematics and other essays — by Prof. Leo. G. 
Simons. 

Scripta Mathematica also offers to any IJbrary 
In India, f ree of charge, the following pamphlets. 
(1) Thomas Jefferson and Mathematics — by David 
Eugene Smith, and (2) Tlie Meaning of Mathe- 
matics— by Cassius Jackson Keyser. 

>K ♦ ^ 

The Progress of Radio Research: Report of the 
Radio Research Board for the period, 1st January 
1932 to 30bh September 1933. His Majesty’s 
Stationery Office, Price 2s. net. (Post free 
2s. M.) 


Knowledge of the work carried out under tlie 
Radio Researcli Board of the Department of 
Scientific and Industrial Research is essential to 
anyone wishing to keep abreast of advances in 
research on the propagation of waves, direction 
finding, atmospherics, and improved inetliods of 
measurement at radio frequencies. The progress 
of the Board’s investigations on these subjects is 
summarised fully in the recently published Report. 

A new reaction for cantharidine, apiilicablo to 
its estimation by colorimetry has been described 
by Georges Deniges in a paper communicated 
to the Academy of Sciences, Paris. The rnetliod is 
based on the colouration produced by heating 
cantharidine witli forniol and sulphuric acid. 

* 

In a paper communicated to the Academy of 
Sciences, Paris, Vellard has described his obse3.*va- 
tions relating to the periodic destruction of the 
fauna of the rivers of the Grand Chaco by varia- 
tions of salinity. “ The fish die as the salinity 
increases through evaporation and are deposited in 
enormous blocks. This is of interest from the 
geological point of view as it gives a possible 
explanation, better than any other hypotJiesis, of 
the formation of certain banks of fossil fishes, the 
origin of which is otherwise difficult to under- 
stand . W ature. 

* * 

A New Ceramic Ware of Water Absorption of 
Nil. — “ No propeiJy of Stoneware, ” says Felix 
Singer ( CVicinicaLI/yc, 1 931, 30 , 553), “ is of such 
decisive importance for many of tlic purposes of 
the Chemical Industry as its degree of water 
absorption.” The production of a now English 
ware “ Alchemio ” (by Doulton and Co.,) with, 
no absorption at all, can therefore be considered 
as an achievement of first importance in Chemical 
Industry. In spite of tlie reputed and resisting 
properties of Stoneware, its extensive use was 
limited by the water-absorbing property it ])os- 
sesses. The production of “ Alchemic ” has now 
made possible the employment of the ware, 
freely, in foodstuff industries, in all processes 
where use is made of liydrogen peroxide or other 
jmr compounds, in the manufacture of taps and 
such other plant accessories, in chemical works 
and in several other industries where stoneware 
is usually considered the best, nay, the only 
material that can be used for certain apparatus. 
>»« 
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Eassenkunde und Eassengeschichte 
DER Menschheit. By Egon Freiherr von 
Eickstedt. (Stuttgart. 1934). Price EM. 
76*50. 

The number of really authoritative text- 
books on Anthropology issued so far is 
relatively small and it has, therefore, been 
a matter of great difficulty for workers in 
this science to get together the necessary 
information except by wading through a 
great deal of scattered literature in not 
easily accessible scientific periodicals and 
various manuals. Martin’s ’^Lehrbuch’’ of 
which a second edition was published in 
1928j Sailer’s ‘^Leitfaden der Anthropologic” 
(1930) and Wilder’s A Laboratory Manual 
of Anthropometry” (1920) are amongst 
some of the most authoritative publications, 
but still there was the necessity for an up- 
to-date and carefully prepared work dealing 
in detail with the very important questions 
of the different races of mankind and their 
history. Such a work is the one under 
review, published by Prof, von Eickstedt 
of Breslau University. This handbook 
differs from the older works in that it 
contains as exact and detailed an account 
as possible of the complicated question of 
the races of mankind, based on a careful 
study of the extensive literature and the 
personal researches of the author not only 
in the laboratory but also in different 
continents. In addition to dealing with 
the races under four major groups, viz., 
Asiatic, European up to Sahara, Negroid 
Africa and Oceania and the two Americas, 
the author has dealt with in detail the 
development of the various epochs of the 
history of the different races and their con- 
nections with the continental and other 
changes. The author carried out a great 
deal of anthropometric measurements of the 
various races and more particularly of the 


primitive tribes of India, and (Jumgh ow 
may not agree with all his c()n(*.lusi()ns,^ tJu*. 
information in reference to t/h(‘.s(*. t.rib<\s, 
which is incorporated in tlu^ volunns would 
prove invaluable to students ol Ant-liropo- 
logy in India. 

The publication is beautifully illustra4.(‘.(l 
and the large number of specially 
maps add greatly to the value and 
importance of the work. It should (*reat(* 
a great deal of interest in anthropological 
studies for the carrying out of whieli (‘orrect 
lines are indicated. 

B. P, 


Elementary Dynamics. By 1^^. (Iray, 
(Macmillan & Co., Ltd., pp. xi 1-211, 1931.) 
Price 5s. 

The author in his preface^ stal.es tlmt tin* 
book is intended for student.s In^ginniug a 
University course in engineering or other 
applied science and tliat th(‘. subj(‘cl« is 
treated as an introduction to a ppli(Ml s(d(uic(^ 
and not as a branch of inatlHuna»ti(%s. Tlui 
book deals in a particularly (‘U^ar a.nd siinpU^ 
manner with the ossimtial portions of 
particle and rigid dynamie.s. Th(‘. intro- 
duction of a few of the topie.s \isually (i(‘alt. 
with under statics and a (diapt(‘r on gyro- 
scopes form a welcome innovation. The 
treatment is anything but ha(‘lvn(‘.yiMl u.u<l 
there are very few books of this sort, vvhidi 
keep an eye to the practical appli('.ations oC 
Dynamics in Engineering. The (examples 
have been very carefully chosen, but one 
cannot get over the feeling that tlu'; majority 
are unnecessarily too numerical. 

In such a well-trodden field where there is 
a bewildering variety of text-books dilTering 
from each other in their content as well as 
method, it is very difficult to assess the 
value of any new book on the subject. TIub 
book, based as it is on the syllabus o£ 



August 1934] 


CVnitENT SGiENCB 


87 


Prof, Gray’s lectures in tlie first year course at 
Glasgow University, maintains a wholesome 
balance between clarity and comprehensive- 
ness. Although the author has not used 
the calculus explicitly, he makes skilful use 
of the conceptions of the calculus in deriv- 
ing the important principles. The Chapters 
on Friction and on Work, Power and 
Energy are particularly well written. 

The get-up and printing of the book are 
excellent and the price too is quite reason- 
able. It can be safely recommended as an 
excellent introduction to Elementary Dyna- 
mics specially suited for the Engineering and 
Pass courses in Mathematics of our 
Universities. 

B. S. M. 


The Practice of Absorption Spectro- 
photometry. By F. Twyman, p.inst.p., 
F.R.s., and 0. B. Allsopp, M.A., Ph.D. 2nd 
edition. 144 pp. Eoyal 8vo. 40 illustra- 
tions, bound in cloth boards, June 1934. 
12s. 6d. nett, 12s. 9d. post free. (Adam 
Hilger, Ltd. London.) 

The subject of absorption spectroscopy 
has assumed such importance in both 
theoretical and applied chemistry that it is 
pleasant to record that, although it is only 
a little more than two years since the first 
edition of this book appeared, it has 
already been found worth while to publish 
a new and completely revised edition. The 
book has been entirely recast and enlarged. 
The present edition is divided into two 
parts, the first of which contains an intro- 
duction to the theory of absorption, includ- 
ing a simple description of molecular spectra, 
and an account of various typical applica- 
tions of absorption spectroscopy, in wliicli 
the interests and requirements of the 
theoretical, industrial and biological chemist 
have each been kept in view. An attempt 
has been made to introduce a much-needed 
uniformity in the nomenclature of absorp- 
tion spectroscopy by adopting that set out 
in the International Critical Tables of 1929, 
a step which could profitably be followed by 
all workers in this field. 

In Part II, the technique required in 
photometric measurements of absorption is 
described and explained. A chapter in this 
section discusses the conditions which are 
necessary for obtaining accuracy in the 
various types of measurement involved, 
and this is followed and illustrated by a 
detailed account of the principles and use 
of typical instruments which have been 


developed by Adam Hilger, Limited? 
spectrophotometry in the ultra-violet.? 
visible, and infra-red regions of the 
spectrum. One of a number of append 
describes a new method of applying absorp- 
tion methods in the textile industry Av lii<di 
may have far-reaching consequences. 
book will be of interest to workers alrc-n.dy 
engaged in absorption measurements ; wh ib‘ 
to those to whom the subject is new a.n<I 
who are contemplating such work it will bo 
invaluable. It could also be read wit.h 
profit by advanced students, both on 
theoretical chemical side, and on t.ho. 
technical side of the subject. 


Satellite Station Tables. By C. M. tj- 
Scott. (Edward Arnold & Co., London, 
pp. 44.) Price 125. 6d. 

Satellite stations are a necessity in nnsu i li- 
able country, where it is not practi(*.:ibl<^ 
to choose main direct stations. Owing: to 
the tedious calculations involved in tlio wo * 
called Ecduction to centre”, endeavourH 
are sometimes made to avoid satellite 
tions. As a result, labour and time are sp(od. 
to alter the main stations, while trying: to 
choose places where instruments can dir('^<*.t.ly 
be sot up in preference to desirabl(^ pro- 
minent points that necessitate obsorvationn 
from a satellite station. 

The author of this volume has done gr<m.t 
service to the Surveyor. He has, by t.ho 
publication of these tables, enabled saving of 
time and labour involved in Eodnetion 
where False Stations ” arc introduced and 
has at the same time made possible a. f rot's 
choice of suitable satellite sbations. '^Pht’s 
tables can be used for easy and quick rod no,- 
tiou, witliout, what is more irnportuin li, 
sacrificing accuracy. Where very gi’tm.t. 
accuracy is not required, a further saving in 
time and labour in reduction to cenfcro tnin 
be made by the use of the graphical rnoliliod 
explained in Appendix I. With the help of 
the disc enclosed in the pocket at the en<i, of 
the book, corrections and the signs of corrt^o,- 
tions to be applied to the observed angles, i,<> 
get the angles afc the True Station, can 1)0. 
rapidly got. The graphical method is parti- 
cularly useful where many readings from tlio 
same satellite station have to be reduced . 

A variety of problems can he solved by tlio 
use of Satellite Station Tables with oaso. 
Several worked out examples are given in 
Appendix I indicating the use of these tabl<‘iw 
in the solution of Survey Problems and it 
will readily be seen that the use of tliowo 
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tables can be easily extended to a number of 
other problems. The wide applicability of 
these tables enhances the usefulness of 
this book. 

The book is well written and the prepara- 
tion of the Tables must have entailed great 
labour. The work of the publisher is good 
and the volume is sure to be an useful 
addition to the Library of a Surveyor or an 
Engineer. 

E. D. JosHi. 


Television: Theory and Practice. By 
J. H. Eeyner. (Published by Chapman & 
Hall. Ltd., pp. x+ 196.) Price 12s. Gd. 

Although Television has not yet become 
a commercial success, it is doubtful if there 
is any other field which has caught the 
fancy of both the amateur and the lay- 
man. It is but natural that such an in- 
teresting subject should call the attentions 
of Eadio Engineers and Experimental 
Physicists to supply the necessary funda- 
mental knowledge to the general public. 
Mr. Eeyner's book is an answer to this call. 

It is rather an ambitious programme to 
condense all the theory and practice of 
this vastly interesting field in a small 
volume of less than 200 pages, for Tele- 
vision, unlike its sister science, lays claim 
over a vast domain of Experimental Physics. 
An attempt to bring together all these, in 
a small space, naturally involves an elabo- 
ration of certain points, and a scanty 
reference, if not a complete neglect of other 
equally important branches. It is remark- 
able, however, that the author has cleverly 
managed the situation. By completely 
omitting to mention certain old devices 
which are now more or less historical, or 
only attract the attention of the curious, 
he has emphasised the more important 
principles involved in Television. 

The book opens with a general definition 
of what television is. The methods of 
scanning, and the factors that determine 
the detail, and clearness of television pic- 
tures are briefly discussed. A complete 
chapter is devoted to a description of the 
eye, and other optical arrangements with- 
out which no book on television can be 
complete. ISText, the author deals with 
Photo-electric cells ; the real backbone of 
television transmitting apparatus. While 
there is adequate matter to serve as a good 
background to the proper understanding 
of the subject, one feels that sufficient 
importance has not been given to this very 


important item. Then we come to what 
is perhaps the most important part of the 
text, namely, the ^Cathode Eay Tubeh 
The treatment of this is worthy of praise. 
The construction of the cathode ray tube, 
and its practical application to television 
have been given all the importance they 
deserve; no doubt in view of the fact that 
the cathode ray tube has to play an impor- 
tant role in television receiver of to-morrow. 
There is also a chapter devoted to the 
television receivers, in which the perfor- 
mance of resistance-coupled amplifiers and 
direct coupled amplifiers arc briefly dis- 
cussed. The rest of the book gives a fleet- 
ing review of Continental and American 
systems that are in vogue to-day. Finally 
the book closes with a brief but critical 
review of all tliat has been achieved in the 
field till now ; and tlie visualisation of 
what it is going to be in future is resplen- 
dent with a rosy optimism. The get-up of 
the book is of a high order, tlie photographs 
and diagrams are adequate, and help to 
elucidate the text. The book can bo con- 
fidently recommended to all those interested 
in this vastly absorbing field. 

C. C. 


Unit Processes and PRtNCiPLES of 
Chemical Engineering. By John 0. Olsen, 
pIi.D., D.sc. (Macmillan & Co., Ltd., pp. 
xiv + 558 ) Price 256'. net. 

This co-operative work by a group of 
successful American Chcmicai tlagineers is a 
valuable addition to tlie not very largo 
number of up-to-date text-books available 
in the field. Tlie book has been developed by 
presenting the fundamental physical and 
chemical principles determining the course of 
a chemical reaction and a few of the unit 
proccKSses which must be utilised in carrying 
out a given reaction on a commercial scale 
with a combination of some of these prociisses 
in their proper order constituting thereby an 
entire process for the production of a given 
product. 

It is nob attempted to make the book 
exhaustive by a presentation of all the 
different possible unit operations but to 
emphasise only on the fundamental aspects 
brought up-to-date of a few of the mqst 
fully studied and well-developed processes 
like Evaporation, Distillation, Filtration 
and Drying. The supplementing of a 
knowledge of the remaining Unit Operations 
has been left to the reader for a further 


August 1934] 


CURRENT SCIENCE 


89 


study on the lines indicated during the 
course of the hook. 

A special feature of this volume is the 
inclusion of separate chapters on modern 
processes like the Absorption of Gases, 
Electric heating and the Electrolysis which 
are being systematically employed in 
industrial practice to an increasing extent. 
The Editor must be congratulated on his 
wisely incorporating into the book the 
concluding chapters on the all-important 
subjects like the materials oC construction, 
costs and financing and Factory Location 
in that they bring out clearly the importance 
of a knowledge of Applied Economics to a 
Chemical Engineer in his daily routine. 
Most of the chapters contain at their end a 
set of well-selected problems illustrating and 
developing the ideas detailed in each 
chapter with also a short bibliograx>hy 
guiding the reader in the choice of books to 
secure a more exhaustive knowledge of the 
subject. 

This book can be recommended to meet the 
requirements of students to obtain an 
elementary but a clear understanding of 
this vital subject so important to but still 
in its infancy in India. 

A. N. Eao. 


Toads and Toad Life. Ey Jean Eostand. 
Translated by Joan Fletcher. (Methuen & 
Co., Ltd., Essex Street, London, pp. 
xii+185, 1933.) Price 75. 6d, net. 

To the generality of people the common 
toad is a repulsive creature, but to the 
biologist it is perhaps one of the most 
fascinating objects of study and observation. 
The cobra and the toad are animals around 
which quite a volume of superstitious 
beliefs has grown few of which, however, 
are borne out by facts. The nocturnal and 
solitary habits of toads, their warty skin, 
ejection of urine on liandling, large 
protruding eyes, their uncanny silence and 
sudden appearance and disappearance have 
all tended to invest these anipials with an 
awesome character wliich is foreign to its 
nature and temperament. They have been 
curiously enough reared as pets by ladies 
who testify to their power of educability 
and good behaviour. The book is a tribute 
to the decent manners and romantic 
nature of toads which after all do greater 
service to mankind than most of its 
members. 

The book provides an excellent and 
accurate account of the general habits of 


the toads with short but sufficient reference 
to the anatomy and development free from 
technical terms. The principal value of 
books of this type is to educate the popular 
mind, remove misconceptions and induce 
habits of sympathetic observation and 
collate them into some general order of 
scientific data. Tire book fulfils its object 
in an eminent degree. In the twenty 
chapters, into which the book is divided, the 
reader obtains a full and authoritative 
account of everything worth knowing about 
these obscure and puzzling batrachians. 
When we lay down the book after reading 
the last chapter, we feel that buried under 
a phlegmatic temperament, there is on the 
toads a great deal of energy and character 
and their service to man is capable of 
elevating them to membership of polite 
society. 

The book is illustrated by every phase of 
toad life and is provided with bibliography. 
It has a great educational value in giving 
the reader a body of carefully arranged 
information and in stimulating Ills observa- 
tion on other animals in his surroundings. 


Eeport on Burmese Fishes collected hy 
Lt.-Col. E. W. Burton prom the Tribu- 
tary Streams op the Malt Hica Eiver of 
THE Myitkyina DISTRICT (Upper Burma). 
Parts I and II. By Dev Dev Mukerji. 
Journ. Bojnh. Nat. EisL Son. Yol. XXXYI, 
pp. <812-831 (1933) and Yol. XXXYII, 
pp. 38-80, 3 pis. (1931). 

The paper under review is one of the 
most detailed accounts of the Burmese fishes 
published within recent years. The account 
is based on a large collection of fish 
collected by Col. Burton at the instance 
of the Bombay Xatural History Society. 
The collector believed that there are 80 
species available in the area, but he obtained 
only 50. The material on careful analysis, 
however, showed tliat there were only 32 
species in the collection and the author lias 
dealt witli the entire collection in gi-eat 
detail, giving a careful account with illus- 
trations, where necessary, of the various 
species and elucidating several difficult 
problems of taxonomy and clearing up the 
synonyms of a large number of iiitlierto 
inadequately described or poorly known 
species. 

The paper under review is one of 
most careful works on the fish fauna of any 
part of India published within recent years 
and it fills up an important gap in our 
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knowledge of the fishes of India. It is 
hoped that such studies on the fish faunas 
of other parts of India would be published 
by authors who are in a position to deal 
with the faunas of the different parts of 
the extensive continental area of India, 
as that alone will enable the compilation 
of a new edition of the ‘^^Fauna of British 
India” (Fishes) which is a great deside- 
ratum at the present day. The old ‘^Fauna 
of British India ” (in two voliinies) by Dr. 
F. Day, published in 1889, is entirely out 
of date, and thougli useful as a work of 
reference, in view of the recent advances 
in our knowledge of the fish fauna of the 
world, is hardly acceptable as a standard 
publication. 

B. P. 


The Scientific Journal of the Eoyal 
College of Science. Yol. IY. (Edwin 
Arnold & Co., London, pp. 171, 1934.) Price 
7s, 6d, net. 

The Journal published in a book form 
contains seventeen papers read daring the 
session 1933-34 before the Imperial College 
Chemical Society, the Eoyal College of 
Science Natural History Society Section and 
the Eoyal College of Science Mathematical 
Physical Society. The seventeen papers are 
distributed in the order of seven, six and 
four among the above institutions and they 
embrace a variety of interesting and impor- 
tant subjects. 

The lectures on Gold, Aluminium and 
Yitarnin D are of great interest and form an 
excellent document of readable matter. The 
other papers in the chemistry section such 


as those on the chemistry of Nitrogen and 
the structure of sesquiterpene group an^. 
water of crystallisation and shapes o4* 
molecules are technical and illuminating. 

The paper on ^hhe Distribution of Salicornia 
Europea at Yiiyslas, Dovcy Estuary ” is the 
abstract of a student lecture and is a praise- 
worthy contribution to the Natural History 
Society. Professor C. D. Darlington’s 
lecture on Mechanical Aspects of Nuclear 
Division ” sets forth the mechanical relation- 
ships of cell-pliysiology, genetics and 
evolution to the morphological study of 
nuclear division and of mciosis, and lines of 
immediate advance in research of quantita- 
tive studies of nuclear division are indicated. 
The lecture on The Romance of Grass-land” 
is an exceedingly interesting exposition of the 
development of the present-day grass-lands 
from the forested lands of primeval times. 
There is an element of patlios in the 
spectacle of mighty trees being felled for 
milling purposes, and the grandeur of 
the primeval forest thereby destroyed, 
but there is umance in the process of grass- 
land creation which begins when tho 
agriculturist follows in the path of the 
timber-getter. An equally interesting paper 
is that on The Purpose and Natural Selec- 
tion, a Defence of Teleology.” 

In the Mathematical and Physical Science 
Section, tho papers on Foot Measurements 
for Shoemakers and Noise— Its Measurement 
and Abatement” are ingenious studi(?s. 

The fourth volume of tho Journal main- 
tains the high standard set up by the 
previous publications and tliey togetlier 
constitute an excellent reference work. 


Errata. 


Yol. Ill, No. 1, p. 20, right-hand column, after 
line 31, read (Ushakov, J. Russ, Phy. Cheni, 
Soc., 1929, 61 , 795). 

Page 19, left hand column, line 6, for System^* 2 
producing read System (1)^-2 producing. 


Page 19, left hand column, footnotes for 
^ Buhmann read ^ Billmann. 

Pages 19 and 20, Pormuhe T and V 1 1 

A 

for 0 = 0 read C = O or 0 = 0 
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Indian Public School. 

^TIE extracts from the report of the Indian 
Public Scliool Committee, whicli liave 
recently been published in the Press, are 
sufriciently full to enable the discerning 
public*, to form a fairly correct estimate of 
tlie value and significance of the institution 
proposed to be established early in the next 
year at Dehra Dun. Some of the important 
features of tlie recommendations of the 
Committee, Avhicli have all been accepted by 
tlie (Government of India, are that the 
School, as was originally conceived by the 
late Mr. S. IC .Das, is to be founded on the 
model of the English Public Schools ; its 
first Head Master and the Assistant Masters 
are to be Englishmen possessing an intimate 
knowledge and experience of the work and 
organisation of Englisli Public Schools; the 
aims and ideals of the Indian Public School 
will develop in an atmosphere of Indian cul- 
ture and environment; the courses of study 
X>rovided for the pupils will be sufficiently 
vari(‘d so as to offer scope for individual 
dilTcrentiation, and the social, religious and 
communal solidarity will be promoted by 
the gemial inllnence of a common messma- 
tisni and comradeship in compulsory games. 
The School is proposed to be located in the 
buildings of the Imperial Forest College and 
Itesearch Institution which together with 
the suiTOunding grounds have been acquired 
at a cost of three lakhs of rupees ; and for 
the construction of additional structures and 
for endowment of funds the Committee have 
fourteim lakhs of I'lipees in their possession, 
wliich they liope to snx^plement from public 
benefactions. x\s a tentative measure resi- 
dential accommodation has been provided 
in tlie main building for two sections with 
sixty boarders in each. The minimum and 
maximum ages of the first batch of scholars 
are fixed at eight and twelve yeaivs, which in 
the successive stages will be raised to twelve 
and nineteen, involving the gradual abolition 
of the lowest classes. The administration 
and general control of the Scliool w'ill be 
vested in a Board of Governors consisting of 
officials occupying exalted positions. Pre- 
sumably the School is going to start on its 
career of usefulness under the most august 
and propitious circumstances. 

The scheme is undoubtedly irreproachable. 
The ambitions of its promoters are truly 
praiseworthy. 

The aims and objects of the Scliool which 
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have been described in detail by the 
Comtnittee appear to us, however, precisely 
identical with those about which we are 
daily accustomed to read in the addresses 
and speeches made on the ceremonial 
occasions of laying the Foundation Stone, or 
the annual prize-giving functions of 
primary and high schools in India. We are 
confident that no important pronouncement 
is made at these gatherings without a 
generous reference being also made to the 
schools developing ^‘in an atmosphere of 
Indian culture and social environment’’ and 
that the outlook of the wliole school should 
be distinctly moral and spiritual. Every 
convocation address is adorned by exhorta- 
tions to the graduates on the importance of 
cultivating self-discipline, building up of a 
lovable cliaracter, developing the capacity 
for corx^orate action in civic life and 
fostering the spirit of chivalry and f airplay 
in normal human dealings. When School 
“days” are celebrated, the gentleman, 
“gracing the occasion with his distin- 
guished presence,” devotes his whole speech 
to extolling the quality of manliness and 
self-reliance and to persuading the young 
scholars to be free from the taint of social, 
communal and provincial prejudices and to 
cultivating the spirit of “ united nation- 
hood”. 

In the course of his scholastic career, a 
young pupil is destined to listen to such 
exhortations on at least 20 occasions and 
the need for them indicates that the un- 
assisted eEorts of education are inadequate 
to fortify his mind against the malign 
influences of the world which he is about to 
enter. While we admit theoretically that 
man is made in tlie image of God, we 
practically adopt the Jesuit doctrine that 
the young man harbours in his soul the 
author of evil, who is to be exercised by 
speeches and birches. The essence of edu- 
cation as we practise it is an elaborate 
attempt to convert the natural human 
animal into a conventional mechanised 
being, and every instrument which civilised 
society could invent is requisitioned for 
completing this process of metamorphosis. 
From the days of which we possess any 
historical record down to modern times, 
progressive education, apart from “illumi- 
nating the mind”, has been a ceaseless 
struggle in the attempt to weave a rigidly 
uniform moral and spiritual garb for its 
votaries, and in this enterprise all the 
auxiliary forces of public opinion, the 


church and the state are enlisted. The fact 
that the report of the School Committees, 
the speeches addressed to youtli in schools 
and colleges insist on the prescription of 
religious and moral instruction as an 
integral part of the educational programme 
must be a sorry commentary on the essence 
of human nature, which, at the least provo- 
cation, is apprehended like Arthur's Kingdom 
to reel back to the beast. The reason for 
this constant repetition of levitical doctrines 
in educational reports is due to our inade- 
quate recognition of the law of cliange in 
the realm of objective reality and in the 
world of thought. The progress of science 
has altered our conception, of the human 
mind and of the constitution of matter. 
The young men who are nurtured on the 
milk of the new pliilosophy inevitably subject 
all fundamental ideas to re-examination 
untrammelled by the “ word of man ”, and 
they will not hesitate to go down to the 
very basis of things. We deliberately 
stimulate in the young men this spirit of 
unfettered enquiry in the sphere of intellect. 
Could we then curtail this newly discovered 
freedom from extending its influ(3nce into 
other domains f A conflict inevitably 
arises on the discovery that the i)rogiess 
of intellect has outstripped that of the 
other component parts of the mind, and 
modern education is confronted with this 
disjunction of intellectual and moral facul- 
ties. It is unable to equalise the pace of 
mind in the different flelds of thought 
because of its adherence to an ancient code 
of conduct on the one hand, and on the 
other, its loyalty to freedom in the intellectual 
sphere. We are trying to put the heady 
wine of modern scientific knowledge into an 
old world ethical bottle; and the restlessness 
of the present age is the product of this at- 
tempt ; and until the Cliurch evolves a more 
satisfactory code of morality and a more 
rational system of spirituality, we shall liavo 
to continue to repeat the formala3 which form 
the staple of all educational reports and 
addresses. 

The idea of an Indian Public Scliool on 
tlie English model is not new ; the various 
schools which commemorate the memories 
of Bishop Cotton, Baldwin and Lawrence 
are organised on tlie best traditions of the 
English public schools. They were origi- 
nally intended for the benefit of children 
belonging to the domiciled Anglo-Indians, 
but more recently children of other com- 
munities also are admitted. We And in 
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them large numbers of day boys and resident 
scholars; tlie study and dormitory system; 
that unmitigated public nuisance of a 
pei’sonage, viz.y the monitor, prefect or 
preceptor ; compulsory games ; a staff of 
European Head Masters, Assistant 
Masters and Matrons ; a delicately adjusted 
code of coiporal chastisement ; and finally, 
scout corps and military training including 
practice in pugilistic exercises. The Viceroy 
and the Provincial Governors, who are 
usually invited to preside at the ceremonial 
gatherings of these institutions, listen with 
great patience and interest to the reports of 
the Head Masters narrating tlie achieve- 
ments of their pupils and in their replies, 
they pay glowing tributes to tlie excellent 
performance of the schools. The pupils are 
trained for public service in all its branches, 
for technical professions and for a military 
career ; but few elect to proceed to higher 
education in the Universities. We liave 
actually therefore a large number of Indian 
Public Schools in full action following the 
traditions of their English counterparts. 

The English public school is certainly an 
elusive subject which ‘H^ornpriscs in itsidf a 
difficult study of no inconsiderable magni- 
tude, ” and within recent times the entire 
system has been criticised. Tlie great licad 
masters sucli as Dr. Butler, Arnold, Thring, 
Sanderson and Almond, who by their 
personal qualities built up great schools 
from small foundations, differed radically in 
everything that was essentially of educa- 
tional importance. So different is the out- 
look of these schools that it is commonly 
said tliat ^Svhat are truisms at Kugby are 
paradoxes at Harrow, and an Eton custom 
would prove a Marlborough revelation.” In 
spite of broad differences in the type, the 
English public scliools occupy an important 
position as educational centres, and so great 
has been their inlluence on public life that 
even secondary schools and national schools 
are coming more and more to be run on 
public school lines. The European schools 
in India, which rcliect tlie principal charac- 
teristics of the British system and wliich 
have been in existence for a long time, have 
not attained tlie reputation and influence on 
the public life which the English public 
schools possess. This is due not so much 
to their exclusiveness and want of adequate 
financial support as to the preferential 
treatment of these schools. The English 
public schools, on the other hand, owe their 
eminence to the surpassing fame of the head 
2 


masters, distinguished alike by their scliolar- 
ship, piety and public 2 :eal. Their devotion 
to an ideal altei’ed the face of education all 
through the public schools in England in a 
manner which neither government grants 
nor even popular support could have 
produced. They organised their own machi- 
nery, evolved their own principles of 
administration and invented their own 
methods of teaching, to each of which they 
imparted touches of their jiersoiial 
character. 

We have heard a great deal about the 
criticisms on the games, punishments, tlie 
monitorial system and the exclusive spirit of 
the Englisli public schools ; but in the long 
course of tlieir existence, some aspects of 
tlie school activities are apt to receive 
greater emphasis. Judged, however, from 
the widest point of view tlie English public 
schools arc an invaluable heritage of the 
British people. Their pupils adorn their 
calling with their own particular aptitudes 
and knowledge, their own qualities of willing- 
ness to ac(‘.cpt responsibilities and their 
ability to set an (‘.xample wherever their lot 
may lie cast. It is perfectly legitimate for 
the leaders of Indian public life to desire 
to found an institution in India turning out 
a band of lirave, helpful and chivalrous 
Indians ready to shoiihler cheerfully respon- 
sibilities ami to regard service as its own 
reward. 

Does tlie projetJed Indian public school 
possess the seeds wliicli will germinate its 
greatness ? It seems to us that while govern- 
ment support and suiiorvision are an asset 
to all educational institutions, its inspiration 
and practical guidance may hamper the 
growth of the scliools. None of the great 
public schools in England, none of the great 
scientific institutions, none of the univei’sities 
owe tlieir origin to government initiation. 
It is men with a missionary zeal for an ideal 
tliat create public institutions, to whom 
worldly goods and recognition are entirely of 
subordinate consideration. The Indian 
Public School is proposed to be brought into 
existence under slightly different auspices. 
The catalogue of aims and objects intended 
to be achieved by the Indian Public School 
is not its monopoly, and perhaps represents 
the pious wislies of its promoters. We are 
told that the School is to develop in an 
atmosphere of Indian culture and environ- 
ment, but the conditions created for its 
management seem almost hostile to the 
realisation of this object. A number of 
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European teachers surrounded by children 
between the ages of eight and twelve, 
separated by language barriers and igno- 
rance of each other’s mental presuppositions, 
is suggestive of the tower of Babel rather 
than a seminary for fostering culture. More- 
over, Indian culture and environment cannot 
successfully be hoped to be cultivated through 
optional studies of Indian vernaculars and 
classics, and an Englishman fresh from Eng- 
land,-— if he is a reasonably humble and wise 
person — will refuse to be their exponent. 

The moral and spiritual development of 
the school children is to receive the special 
attention of the masters ; while it is fairly 
easy to grasp the exact connotation of the 
former term, the latter is a trifle puzzling. 
It seems to us that the work of the pupils in 
the class-room and their extramural acfcivi- 
ties should be founded on a moral basis 
rather than that we place before the 
immature minds, a code of illusive doctrines. 
The moral sense has to grow as an integral 
part of the development of the intellect and 
no teacher, however eminent, can hope to 
accomplish this seemingly impossible task 
unless he is thoroughly conversant with the 
racial history, family traditions and the 
mental make-up of the children. It is 
almost impossible to achieve spiritual unity 
in a heterogeneous assemblage of pupils, 
who follow different persuasions, and if by 
spirituality we mean God-mindedness and 
not what pertains to religion, perhaps schools 
might attempt to produce it without eccle- 
siastical assistance. The Indian Public School 
is proposing to achieve what the government 
and aided institutions have tried, and are 
silent about the fruits of their labours. Are 
we justified in investing nearly 20 lakhs of 


rupees with further financial implications, on 
an institution whose ostensible object is to 
turn out 50 or more young men annually, 
who will be moral, spiritual, chivalrous with 
a capacity for corporate actions and for 
military, professional and university train- 
ing ? Cannot the same results be obtained by 
re-organising and consolidating a few of the 
selected European schools in India where 
the traditions of the English public schools 
are reproduced'? The success of the Indian 
Public School and the establishment of its 
reputation as an educational centre are not 
financial and pedagogical problems ; they 
are, however, assured if the European officers 
in India consent to send their children to 
this institution to be trained along with 
Indian children. Their interest in the insti- 
tution would then become personal, instead 
of remaining academic. We can conceive of 
only one justification for bringing so costly 
an institution into existence. TMie Indian 
child is a biological organism, — not of tlie 
variety of Strasburg goose ; — and is to be 
trained to acquire a view of the world in 
perspective and to realise that wliat lie does 
or thinks is not the product of one commu- 
nity or one country and that lie Iiimself is 
the citizen of the world as a whole. The 
morality and spirituality tliat the Indian 
child — like every other child, — has to learn in 
the Indian Public School ought to consist in 
the paramount duty to join the rest of the 
world in a spirit of co-operation to improve 
the lot of his fellow- men irrespective of 
territorial, racial and language barriers. If 
the Indian Public School succeeds in pro- 
ducing this frame of mind in its pupils, it 
will he the only justification for its continu- 
ed existence and public support. 
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Survey of Commercial Indian Cottons. 

By E. D. Milira, M.A., B.Litt. (Oxon.), 

Publicity Offi^ccTj Indian Central Cotton Committee^ Bombay, 


A BOTANICAL survey of Indian cottons 
must necessarily cover an extraordinarily 
cumbersome range of types some of wliicli 
are of scarcely enougli importance as com- 
mercial commodities. Nevertheless wliat is 
left of the more important types which 
dominate the economy of the country’s 
cotton industry embraces perliaps one of the 
most divergent ensemble of types to be found 
in any single important cotton-producing 
country of the world. Climate, soil and 
other natural dispensations which govern 
the organic susceptibilities of the flora of 
this country vary, sometimes at sharp angles, 
from region to region, and it is not at all 
surprising that cotton culture ramified 
throughout the length and breadth of the 
country, sometimes in sporadic, discontinu- 
ous patches and sometimes with immense 
continuity of range, should present such a 
complex variety of types and economic 
values. 

Geographical. Distribution of Types. 
In attempting a botanical survey, I shall 
confine myself, for the present, to such of 
the types of cotton grown in India as are of 
proved economic value, either in the light of 
present conditions or of the prospects which 
a decade of outstanding research has already 
ushered in. 

The general name given to the cottons 
grown on the Indo-Gangetic 
Bengals ”, the chief sub-classes under this 
group being Sind-deshi ”, Piinjab-deshi”, 
Eajputanas ” and United Provinces ”. 
The Oomras ” occupy large areas of the 
Central Provinces, Central India, Berar, 
Khandesh, Nasik and the Nizam’s Domini- 
ons. The ^‘Oomras”, however, comprise 
. nearly half a dozen sub-types variously dis- 
tributed in the above-mentioned areas. The 
Broach” and ^^Dhollera” varieties are 
grown largely in Gujerat, the latter chiefly 
in the north and extending to Kathiawar. 
The Kumptas ”, Westerns ” and Nor- 
therns ” largely occupy adjacent areas, the 
first, in southern part of the Bombay Presi- 
dency and the last two extending away 
to the east, occupying the northern part of 
the Madras Presidency and the southern part 
of the Nizam’s Dominions. ‘^Dharwar- 
American ” and Gadag No. 1 ” — the former 
an upshot of efforts to introduce American 


cotton — are grown almost exclusively in the 
Dharwar District. ^Tun jab- American ”, also 
an acclimatised upland American cotton, 
occupies nearly a million acres in the Canal 
Colonies of the Punjab. Tinnevellys ” — a 
mixture of two distinct types — ‘Mvarun- 
ganni ” and Uppam ” — is grown in about 

600.000 acres in the districts of Madura, 
Earnnad and Tinnevelly, but is gradually 
giving place to pure Karunganni ”. 
“Cambodia” — a type of American Upland 
flourishing throughout the southern cotton- 
growing tracts of the Madras Presidency — is 
found chiefly in the district of Coimbatore 
(Tiruppur; and in the western part of the 
district of Madura. It occupies nearly 

350.000 acres. 

“Comilla” which derives its name from 
a town in Assam is almost exclusively con- 
fined to Eastern Bengal and Assam. 

Characteristics op Types. 

“Bengals” form, on the whole, the 
shortest staple cotton in India. They almost 
always consist of a mixture of various 
varieties of Gassy pium negleetum with a 
variable percentage of Gossypium indicum. 
The staple length of “ True Bengals ” varies 
from 4/8 to 5/8 inch and in the case of 
“Ordinary Bengals” from 3/S to 4/8 inch. 
They are coarse but usually of good colour. 
“ Sind” and “ Piinjab-deshi ’’contain nearly 
the same varieties and possess staple of 
nearly the same length. The “deshi” 
variety in the Punjab contains almost every- 
where at least 4 dilferent types. 

The “Oomras” comprise five distinct 
varieties known as (1) “ Bani ” or “ Gao- 
rani ”, (2) “ Berar cotton ” composed of a 
mixture of varieties of Gossypium negleetum^ 
(3) “ Central Provinces cotton ”, (4) 

“Khandesh” and (5) “Central India 
cottons”. “Bani” consists essentially of 
Gossypium indiGum with a ginning i)er- 
centage of 25 and has a low acreage yield. 
Of indigenous Indian cottons, it is the finest 
with a staple length of over 1 inch. “ Berar 
cotton” has a staple length varying from 5/8 
to 6/8 inch with a certain amount of Gos- 
sypium indicum. The “ Central Provinces 
cottons” consist of a mixture of different 
varieties of Gossypium negleetum with a 
certain amount of “Bani”. The ginning 
percentage of “Khandesh” variety varies 
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fro?n 33 to 38 and its staple length is nearly 
1/8 ol; an inch less than that of Berar 
cotton 

Central India cottons” vary in quality 
from Kliandesli ” to a type approaching 
the best ^^Oentral Provinces cotton”. One of 
its varieties known as Malwa” consisting 
entirely of the best type of G. negleotum 
has a staple length of from 6/8 to 7/3 inch, 
though a somewhat low ginning percentage. 

‘‘Broach cotton” consists of a mixture 
of varieties of Gassy pium herbaceum the 
best of its types reaching a staple length of 
7/8 to 1 inch, though, further north of Nav- 
sari, the quality tends to get lower. Its 
ginning percentage varies from 30 to 32. 

The standard types of “Dholleras” locally 
known as “ Wagad ” and “ Lalio ” consist 
of Gossypium herbaceum and have a staple 
length varying from 5/8 to 7/8 inch and 
a ginning percentage of 33. 

The “ Westerns ” and ‘‘ ISTortherns ” 
closely resemble the “Kumptas” and are 
composed of a mixture of varieties of Gos- 
sypium herbacGim and a variable propor- 
tion of G. indicum with a staple of from 
6/8 to 7/8 inch. 

The “ Dharwar- American ” a mixture of 
Upland American {G. hirsutum) and New 
Orleans (G. mexicanum) is an acclimatised 
type slightly inferior in staple to Kumpta” 
but with a ginning percentage of 30 and not 
nearly so leafy. 

The “ Punjab- American ” is also an 
acclimatised Upland American, with a colour 
and style very closely resembling ordinary 


Upland American. The ginning percentage 
is about 32. This cotton has a tendency to 
poor response in the absence of adequate 
irrigation in length and strength. Its staple 
length is about 0*9 inch. 

“ Tinnevelly ” is a mixture of “ Karun- 
ganni ” a variety of G. indicum and 
“Uppam ” {G, herbaceum). It is a dry land 
crop and flourishes on black soil of varying 
depth and natural fertility. Its staple length 
varies from 6/8 to 7/8 inch and it has a 
ginning percentage of 27, has a slight 
creamy colour, and is strong. It is sown in 
October-Uovember and is harvested between 
March and August. 

“Karunganni” a variety of G. indicum 
is white in colour with a ginning percentage 
of 25 to 26, and a staple length of 9/10 to 
1 inch. Tests have definitely established its 
superiority over “ Uppam” both in point of 
staple and outturn. 

“ Cambodia ” flourishes in light red soils 
irrigated from wells and belongs to the 
Upland American variety (G. Mrsiitim). It 
is sown in September-October and harvested 
from April to May, allowing for a second 
picking 2 months later. 

“Comilla” {G. cernmm) witli a sub- 
variety (G. eernuum sylhetense) of kliaki 
coloured lint, is distinguished for the size of 
its bolls which sometimes attain a length of 
nearly 8 inches. Its staple is short, about 
only 3/8 to 4/8 inch, ginning percentage 
varying from 43 to 50. Its lint is very 
harsh in feel and the cotton is therefore 
used as an adulterant with wool. 


Zesde Internationaal Botanisch Congres, Amsterdam, 1935. 


rni-TE Sixth International Botanical 
Congress will be held at Amsterdam from 
2ncl to 7th September 1935. An influen- 
tial organising Committee wdth Prof. F. A. 
F. G. Went as President and Dr. M. J. Sirks 
as Secretary has been formed to work out 
the details of the programme. It may be 
mentioned in this connection that the Fifth 
Congress was held at Cambridge in 1930 
when Prof. A. C. Steward was the General 
President and the proceedings of the Con- 
gress have been published as the “ E-eport 
of Proceedings ” which form an important 
addition to the Botanical literature of the 
World. 

Dr. Birbal Sahni, D.Sc., Sc.D., F.G.S., 


F.A.S.B., Professor of Botany, University 
of Lucknow, lias been invited to accex)t the 
Yice-Presidentship of the Section of Ihiheo- 
botany. Prof. Sahni vras appointed to the 
same post in the last Congress held at Cam- 
bridge when the late Dr. D. H. Scott was the 
President of the Section of Palaeobotany. 
The Professor enjoys an international 
reputation, and the distinction conferred on 
him a second time will give general 
satisfaction to scientists throughout the 
country. In offering Prof. Sahni our warmest 
felicitations, we venture to hope that at the 
next Congress he will be invited to occupy 
the Presidential Chair. 
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The Indian Mango. 

By Dr. P. Maheshwari, 
Agra College, Agra, 


^IlE] original home of the mango is not 
known with certainty, but it has long 
b(Hm one of the most familiar trees about 
tillages in India. There are many orchards 
of tlie finer varieties and the fruit is greatly 
praised. Many roads are lined ■with stately 
t.rees, giving a welcome shade during the 
hot season, as the tree is evergreen. 

The dilTerent varieties of Mangifera inclica 
h. i)roduce flowers at slightly different times 
ami blooming is somewhat earlier in the 
southern part of the peninsula than in the 
north. In the United Provinces of Agra 
and Oudh the height of blooming is in 
E\d)riiary and early March. The flowers 
are borne in large pyramidal profusely 
branched panicles with the ultimate branch- 
lets cymose. The number of flowers in each 
inflorescence may vary from 1,500 to 4,000, 
and the varieties witli better fruit seem 
to have the largest inflorescences. 

The flower usually consists of 5 sepals, 
5 petals, 5 stamens and a single carpel. 
There is some variation in the number of 
stamens and occasionally a flower may show 
])rimo.rdia of all ten stamens — a rather 
common thing in other members of the 
family. Characteristically, however, only 
one stamen develops and the other four 
remain abortive. The ovary contains a 
single anatropous ovule. The style arises 
from the edge of the slightly compressed 
ovaiy. The fertile stamen is on the opposite 
sid(* of the flower and is of the same diameter 
as the style. Rarely 2 carpels and less 
rarely 2 fertile stamens may develop. 

Jn spite of the large number of flow^ers 
]>roduced in a single inflorescence, it is well 
known that ordinary village trees produce 
on an average only 2-3 fruits per inflorescence 
and even tlie best varieties do not commonly 
have more than half a dozen. Most of the 
flowers dry up soon after blooming and fall 
off. A study of microtome sections reveals 
the fact that these have an abortive ovary 
and can function only as pollen-producers. 
Perhaps only 5-10% of the flow^ers that 
open have normal-looking ovaries. After a 
slight enlargement most of the ovaries turn 
yellowish, shrivel up, and the entire flower 
drops off. Of the few that remain, most 
drop off at the size of a small pea. The 
very few that survive this period usually 


continue to develop further. The flowers 
with normal-looking ovaries occur mostly 
towards the apex of the inflorescence and 
are mainly the primary flowers of the little 
cymes and to a less extent the secondaries : 
a tertiary flower of the cymelet almost never 
produces a good ovary. Later appearing 
tertiaries and quaternaries are likely to 
fall ofl w'hile they are still small buds. 

Besides the high mortality of the flowers, 
it is also a matter of common experience 
that w^hile fruits are produced in fairly 
large quantities one year, there is a great 
paucity of them in the next. In North 
India mangoes were very cheap in 1933, 
but in the 1934 season the mango crop has 
been an almost complete failure. This kind 
of alternate fruiting is, however, also found 
in several other fruit trees, though perhaps 
not so w-ell marked as in the mango. 

An account of the floral morphology of 
the Philippine varieties of the mango has 
recently been given by Juliano and Cuevas.* 
The present studyt which w'as started more 
than 10 years ago confirms their observations 
in a general w^ay, but there are a few differ- 
ences w^hicli are sufficiently noteworthy to 
be mentioned here. Some other points not 
mentioned by these authors are also dealt 
with briefly. 

The Anther . — The development of the 
anther follows the usual course laid dowm for 
angiosperms, except that the sporogenous 
tissue is rather late in differentiating and 
is clearly distinguishable only ‘after the 
walls are practically completed. There is 
an epidermis, endothecium, two middle layers 
and tapetum enclosing the mass of sporoge- 
nous cells within. At about the time of the 
first meiosis, the tapetal nuclei divide and 
the cells become binucleate. The reduction 
divisions in the microspore mother cells 
seem to go through in a normal way. The 
nuclear cavity is about 10 microns in diameter 
at the time of the greatest enlargement and 

* Philippine Agriculturist, 1932,21, 449-472. 

t My teacher, the late Dr. Winfield Dudgeon of 
Allahabad, had started some work on the morpho- 
logy of the mango in the year 1920. For various 
reasons this could not be brought to a finish, and 
after his unexpected death on December 215, 1932, 
all his slides and rough notes were forwarded td 
me by Mrs. Dudgeon with a request to complete 
the work. 
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the cliromosome pairs at diakinesis are so 
and so elosoly applied to the nuclear 
membrane and clumped together amongst 
themselves that exact counting became 
inujossible. There are, however, approxi- 
mately 26 (24-28) pairs of chioniosomes. 
Wall formation is simultaneous and comes 
on after the second reduction division is 
completed. 

The development of the male gametophyte 
follows the usual course. A minute lenticular 
generative cell is cut oif at one end of the 
pollen grain, hut it soon moves imvard and 
divides'^ to form 2 male nuclei. Here my 
observations differ from those of Juliano 
and Cuevas (1932) who report that the pollen 
grainsareuninucleate at the time of shedding. 
This appears to me to be very doubtful. The 
real fact is that there are widespread degene- 
rations in the anther at this stage and even 
in those pollen grains w'hich develop fur- 
ther there is so much starch that the 
nuclei become obscured in a great majority 
of the cases. 

The CurpcL— Comparable with the anther, 
the arehesporil cell is so inconspicuous in the 
nucellus that it cannot be distinguished with 
certainty. Only after the wall cell has 
been cut off and has divided once or twice, 
is the megaspore mother cell enough larger 
than the surrounding cells to be identified 
distinctly. The wall cells soon undergo 
many divisions so that the megaspore mother 
cell becomes deeply placed in the nucellus. 

So many of the mother cells degenerate 
that it was not possible for me to have a 
sufficiently close series of stages for the 
study of the development of the embryo 
sac. But from what I have seen of the few 
good preparations I possess, I have no doubt 
that the development proceeds in the normal 
way as reported by Juliano and Cuevas. 
The mature embryo sac has an egg, two 


synergids, thre( 
polar nuclei wliicJi 
nucleus lies 

egg 


ani'ipodai (M‘1 Is and 

(‘ally. rbe fn lun 

a.lnu)Ht in ^\i^l ili<’ 


Pollination and FeHilisahon.- - Wo; H-"- ' 
open in the afternoon and n'lnnm 
looking till next day. Tlnni I he s,-)nd and 
petals become rellexe.l, gradually uxla.i 
Ld drop off. Pollination .seeni.s 
sufficient, for the stigma, is poorly deN ol.,!„ d 
and there is a large luu-eentage ol drt. . ii ,• 
pollen. Insee.ts, specially flms, mmi ih.- 
Lwers, but pollination through gra\.t> and 

wind is not excluded. the an i . di> 

enough pollen ean merely <lrop on Innu fh.- 
higher inflorescen<u‘S to ihc loww. 

Actual fertilisation Im.s not ht*(‘n **(* 0 . 
but in several embryo sa.(*s in which mdn 
sperm formation had l)(‘gun, I oouhi a 
small nucleus lying nIo.s(‘ to (In* nurWn. 
and in slightly lat(‘r nkigcH 2 nurUH>h m Ho- 
nucleus of the zygot(‘.. 

Endos])erni and Etidinjo, dhu* primary 

endosperm nucleus s(‘<‘nis (ii\i(io at uncr 
after fertilisation. kivc nn(‘l(‘ar <iuro«iii 
continues and a })eriplu‘ral laser of eiah' 
sperm nuclei is formed in Ihc rapidly etd.iri: 
ing embryo sac. The (unbryo sliow s a rnnark 
able delay in dev(‘lopm(‘nt. Tiaai* ar<‘ 
evidences that, o(*,(*-;isionall>\ the fii.onii 
nucleus may bo ferlflim'd bul not thi* 

This seems to explain (1 h‘ statcnietd ol 
Juliano and Cuevas tlud: ‘‘Some piaUI;. hasr 
been observed to enla.rg(‘ witlumt ans 
seed within.” 

The first division of the y;ygot(‘ (ivcnv^ wry 
late. An ovule wil.h a ;hc(‘lh‘(l tnuhrso hud 
over 950 endusp(‘rm nu(‘l(‘i a lUM^o'd for 
delayed developnumt of tlu' (auhrst^ \n 
angiosperms, so Car as 1 know. 

Further stag(^s hav<‘ not y(d. bcaui ob.^rrsrd 
and a fuller account, will lx* puhlinhod a i buuu 
as sixfficient material has jKumrnulatfd. 


The British Polar Year Expedition to Fort Rae, N. W. Canada, 1932 33. 


. J. M. STA6G, in a paper presented at 
the Aberdeen meeting of the British 
Association for the Advancement of Science, 
dealt with some results of the “ intensive 
observations in Meteorology and such allied 
helds of investigation as terrestrial magnet- 
ism, anroia and atmospheric electricity.’’ 
I pwards of forty countries co-operated in 
the world-wide _ organisation and probably 
" over sixty special stations and expeditions, 
many of them in high northern latitudes, 


participated in tlu! g<Mi(‘ral pnigraiumi'. 
An expedition of .six iikmi was .scul In 
Britain to reoccupy tli(( stai ion at K<n t K.i'.- 
on the Great Slave Lake, W. i'an.ida. 
“The reduction of tlie dala bronght luma- 
by the expedition is now in an advama.i 
stage of preparation. Hut, the woik uf 
adequate discussion and e.o-oi'dinut ion «it!i 
the data for all the other Holar ^ ear 
Stations, will be a matter of seversd 
years.” 
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Obituary. 

Dr. C. A. Barber, C.LE. (1860-1933). 

^^ITH the passing away of Dr. Charles ment which was just tiieii kicking itself 
" ' Alfred Barber in the February of 1933, into life— the Agricultural Department, 
the scientific world in general and the These belonged to the pre-Ourzon period 
pioneers of scientific agriculture in India in when there was no properly organised Agri- 
particular, sustained an irreparable loss. cultural Department in the country. 

Born at Wynberg in South Africa in Besides sugarcane, diseases of both pepper 
November 1800, he came to England in 1871 and groundnut came under his purview with 
and received his early education at Bath, the result that his work included that of 
In his 18th year he took service in a bank both mycologist and entomologist. Along 
at Liverpool ; but the love of nature, which with the late Mr. Benson he was responsible 
he had acquired in his early South African for the selection of site of the present Agri- 
home, urged him on to science, with the cultural College at Coimbatore and also for 
result that in 18S3 he went over to Germany the design and equipment of the various 
where he came under the personal influence laboratories at the Coimbatore Institute 
of such eminent botanists as Strasburger, with the exception of those devoted to 
Schmitz and Schimper. In his 24th year he chemistry. Eeturning to Coimbatore in 
returned to England getting himself defi- 1908 after a couple of years’ furlough in 
nitcly wedded to botany and was admitted England, he organised the teaching courses, 
as a scholar in Christ’s College. He was in botany at the Coimbatore Agricultural 
appointed Superintendent of Agriculture in College and started preliminary work on the 
the Leeward Islands in 1891, but had to breeding of various crops such as cotton, 
return to England in 1895 owing to the gogu and groundnuts, largely with the idea 
abolition of liis post. It was in these of building up material for the teaching at 
Islands that h(‘. made Ids first acquaintance the College. 

with the plant to wliich he was destined to When, as a result of the powerful advo- 
devote the last and perhaps the most fruit- cacy of the then Hon’ble Pandit Madan 
fill years of his valuable life — sugarcane. Moiian Malaviya before the pre-reform 
Dr. Barber came out to India in 1898 to Central Legislature of those clays, the 
take up the dual appointment of Govern- Central Government decided to found a 
ment Jlotanist, Madras, and Director of the Sugarcane Breeding Station for all India, 
Botanical Survey of South India on a five- the subject of our sketch, who was admir- 
year basis. During tliis period he did the ably suited for the post by his previous work 
pioneer work of exploring the heavy forests both in the Leeward Islands and in the 
of the Presidency, wluu’o the black monkey Madras Presidency, was naturally selected, 
was sometimes his sole food. The collec- Prom the year 1912 to 1919 he lield the 
tions made resnlt(‘d in a number of plants post of Government Sugarcane Expert for 
being named after him. It was during this all India but with liead quarters at Coirnba- 
period that he ca,rried out an extensive tore. He soon applied himself to the task 
scries of investigations on the JiausUma of with his usual energy and thoroughness 
the sandal and otlier plants which obtained with the result that the Indian canes got 
for him the degree of Doctor of Science themselves grouped for the first time on a 
(Cambridge). proper scientific basis. The fact that his 

But work of a,n economic nature was soon classification, based on external morpholo- 
to occupy liis attention. In .1899 the gical characters, has been largely confirmed 
Government of Madi'as was faced with a by the later and more recently developed 
steadily shrinking area under sugarcanes in chromosome investigations of Dr. Bremer, 
tlie Godavery delta on account of the bears testimony to Dr. Barber’s skill and 
prevalence of GSerah ’ and Dr. Barber was judgment both as Systematist and Morpho- 
put on to it. He replaced the canes in legist. His keen systematic mind made 
cultivation with disease-resistant varieties him start a collection of the wild types of 
with the result that the area began to Saecharum at Coimbatore and he was the 
recover. These were days when the then first to deliberately use Saecharum sponta- 
Government Botanist of Madras represented neum for crossing with sugarcane. Coimba- 
a good bit of the activities of a depart- I tore canes are now occupying over 50 per 
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C^-IU. of tlie lodiaii cane area and aie 
5 twidiiT rviiHiing for tliemselyes considerable 
rt'innation in otlier countries as well, ana 
Ur Barber was the founder of a station 
which has brought forth such good results 
in the fullness of time. Governmeut con- 
ferred on him the title of C.I.E. in 1918 
and his contribution to Indian Agriculture 
littinsfiy recos^uiseol by the award to 
in of the first Maynard-Ganga 

Earn Prize. When lie returned home m 
1919 he did so loaded with honours and 
respected by his colleagues both at Coimba- 
tore and in other parts of India. 

Xo sketch of his life would be complete 


without a refereuce to his inefliods .,f wurk. 
He was accurate, tli<'f<>iigh u> mimilt- 
details and s.7Stcina.iic. nlniosf (o n luiilt. 
Everything in and ahoui- inm un.'^ okIciIn 
I t was this that enabled Imn (o get iin.ugl, 
an enormous amount ol wm-Ic villi vsimt 
looked almost ]ikeea„se. 1 le was -.i guud ami 
swift writer, very gnanUol in Ins expr.'s- 
sions, an expert ])hotograi|)hcr and an arhsi 

of a high order, liis liolida-ving oil <‘n coii.'^isf - 
ing of painting pictures. Uc was an all- 
round athlete and one wn.s .sarprisrd lo .srr 

his play at the tennis ovou atirr lu* 

had put 55 years of stiaMiiioiis iif<^ Indilutl 
him. 


Madame Curie (1867-1934). 


T he death of Madame Curie which took 
place in a hill sanatorium on July 4, 
has de])Tived the scientific world of a great 
investigator and her family of a loving 
relative. Her death was the result of a 
short illness which seems to have been due 
to constant exposures to radiations from 
radio-active bodies with which her wdiole 
life-wo.^k was connected, Madame Curie 
was for the last few years engaged in prepar- 
inz a more powerful source of actinium : 
she has thus died in full harness, but leaves 
a capable daughter and son-in-law to carry 
on the good work. Her remains were 
interred at Seeaiix by the side of her beloved 
husband in accordance with her last wishes. 

Madame Curie was Polish by birth and 
her maiden name was Marie Sklodow'ska. 
She was born at Warsaw' on the 7th of 
Xoveniber 1867 and received her 'early 
education in that city. Her love of science 
was so strong that in spite of straitened finan- 
ces she determined to complete her education 
at Paris. Here she entered as a student at 
the 8orbonne and came under the influence 
of M. Pierre Curie who w'as one of her 
Professors. The common interest of master 
and pupil in scientific discovery ripened 
into a closer sentiment and Marie Sldodowska 
became Madame Curie in 1895. Madame 
Curie was not only the helpmate of her 
husband in domestic affairs but shared his 
scientific work to such a degree that M. Curie 
was most anxious later on to give all the 
credit of their joint discoveries to Iris wife. 

It is now' a matter of history and common 
know'ledge liow' she became interested in 
Beequerrd's discovery of radio-activity in 
1896 and assumed the dominating place in 
this science by her discovery of Polonium 


and later by the isolation <>i' radinni. U Iwn 
it is recalled that a ton of pit v!*fiis 

a few milligrams of radium ami lhai 
separating of this smaH (jiianlily iIm* 
precious elcmcuit from tin* largi* mas.*^ of 
mineral was done mostly by Mun\ Purie 
who was respoiisihle for l.Iu‘ elnanieal pari of 
the joint investigations, \v<* <*an ajjpreoiaJr tho 
patience, and 1()V(‘. of pure in\ o.E i“,at ion 
which contributed to Inn* just fanir. 

The work was don(‘. under very nnl’a\niir- 
able conditions in a building in tinar ba<*k 
yard and mountains of pihliblomb' wore 
piled up in all tlie ava-ilnd)I(‘ s))ar«\ All I he 
extraordinary ])aiins t.aik<m rnudibed wlnm 
the discovery of radium brought her Inmoiir^? 
from the eutin^. hairiKMl world, lb m liere 
she had to eonrimd against. Mn‘ litsafalilies 
of her sex; peoples (‘xp(‘<d.(Ml Inn* to remain 
in the background ami tuijoy the iemmna 
due to her work through hm’ hii:4>and. 
But M. Curie was iiisistanit, that she slmidd 
be recognised through Inn' own imb\ tdaality 
and brought her to IjoihIoh in IPO.’I wlien 
he was requested to d<H\‘<*r a leetnrr before 
the Eoyal Institution ori tdadr new lii.scan eiy . 
She was an appHi'anli I’oi* a pla<’e in the 
Academy of Pcicaua^s at. Paris some fweufy 
years ago, and reeeiviMi an nnnsuallv large 
number of votes ; yet dissemt. was e\ prexsed 
against the principle', of admitting sAomeu 
and she did not find a pluw in that august 
body. She was so sesiusifivt^ aiid fn(Hi(\st 
that she did not renew Ihm' ai)pliea(i(m when 
a change in the public outlook was sure tu 
secure her admission. ''riH‘r<‘ was m^ lark 
of honours, however; hIk* is the uniqtie 
example of a person renadving the Solud 
Prize twice — once for IHiysi(‘s in Ibdt with 
ecquerel and M. Cuxdi^ and again for 
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Chemistiy in 1911. Other honours, too 
numerous to mention, were showered upon 
her. She was the first woman to become 
a Professor at the Sorbonne. She became 
the Director of the Eadium Institute and 
continued till her death to direct a large 
mass of important original work. Her heart 
must have expanded with x)ride wTien her 
daughter Irene Curie-Joliot repeated her 


responsible for the new' developments in 
Physics and Chemistry ; but a larger section 
of humanity will bless her for the benefit 
conferred by radium therapy. She volun- 
teered during the War to place herself 
at the disposal of the Eed Cross Society and 
personally superintended the radiological cars 
amidst the fighting armies. 

She has done notable service to her native 



Madame Curie. 


own liistory as it w(U‘e, and witli lier husband 
M. Joliot (lis(‘.over('d the neutron and induced 
Radio-aetivitiy. In 1921 she visited the 
lTnit(.‘d States and received a gram of radium 
as a suitable prescmt. 

The im})ortance of her discovery was such 
that it originated new branches of investi- 
gation in more than one department of 
science. Her discoveries were fundamentally 
3 


country, Poland, and to her adopted 
country, France and has served on nnmerous 
committees and commissions. Tlie recon- 
struction of Poland after the War w'as a 
source of gratification to her. She was 
associated with H. A. Lorentz, Panl Pain- 
leve and Albert Einstein in the Inter- 
national Committee of Intellectual Oo-opera- 
tion of the League of Hations, and interested 
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Eerself chiefly in the problems of the future | 
of t]ie human race — mass education and co- j 
ordination of international scientific research. 

In spite of the enviable position she 
occupied in the esteem of the world, she 
retained her serenity and simplicity to the 
last. The unfortunate death of her beloved 
husband M. Curie by a street accident in 
1906 dealt her a blow from which she never 
perfectly recovered. Her noble and affec- 
tionate nature endeared her to all her 

Dr. S. K. Mukerji, 

D r. Sushil Kumar MuKERjr, F.L.S., 
Reader in Botany at the University of 
Lucknow, Honorary Secretary of the Indian 
Botanical Society, died at Lucknow oh the 
5th August 1934, after a brief illness follow- 
ing an operation for aippendicitis. He was 
only in his thirty- ninth year at the time of 
his death. About the middle of July he 
returned from Calcutta with a pain in the 
abdomen which had persisted for several 
weeks. On the 30th July he underwent an 
operation but by then he had already 
contracted peritonitis, which was followed 
by serious complications. The end came 
within a week, although for several days he 
had shown a steady improvement, making a 
brave fight against heavy odds. This 
lemarkable power of resistance and of 
physical and mental endurance was truly 
characteristic of the man. He was endowed 
with an iron constitution, indomitable 
courage and a fervent spiritual faith of which 
few but his intimate friends were aware. 

Sushil was born at Nowgong in Central 
India in March 1896, the second son of 
B. Kali Taran Mirkerji, who survives him. 
He lost his mother when he was in his early 
twenties. His grand-father, Chandrakanta 
Mukerji, wasDewan and Foreign Minister of 
Bijavar State. S. K. Mukegi received his 
early education at Allahabad. He took the 
degree of B.Sc. fiom Muir College in 1916, 
migrating to Lucknow for a post-graduate 
course in Botany at Canning College, where 
he took a master’s degree in 1920. In 1918 
he was appointed a demonstrator in biology 
at that college, then affiliated to the old 
University of Allahabad. In July 1921 
when the residential University of Lucknow 
was inaugurated and the college passed 
under a new jurisdiction, he was appointed 
University demonstrator in Botany. From 
this position, during the few years that 
were left to him, he had forged for himself 


friends. All those wTio came in contact 
with her were struck by the simplicity of 
her character and the penetrating quick- 
ness of her intellect. She will ever be remem- 
bered as one who by her personal examjile 
and eminence secured to womenkind a 
recognition of equality with men in all depart- 
ments of life including scientific rcsearcli. 
The present position of women is founded 
on the secure foundation of the greatness 
of such personalities as Madame Curie. 

'.L.S. (1896-1934). 

a career remarkable for its many-sided 
success. 

In December 1921 he was promoted to a 
Lecturer’s post, and in December 1927 he was 
appointed Reader. This was immediately 
after his return home from a couple of 
years’ study leave in Europe. 

It was during this visit abroad, tliat 
Mukerji found perhaps liis best opportu- 
nities for exercising his versatile and dynamic 
personality. While preparing, for his doctor’s 
degree in London, a thesis which was 
approved in November 1927, he found time 
for varied activities of an academic and 
social character. As a research student at 
University College, he gave valued assistance 
to the organising committee for the Centen- 
ary Celebrations of the College held in 1927. 
He read original papers and gave x)opular 
lectures on this occasion (9, 10)’“' as well as 
before the Liimean Society (1926 and 1927, 6 , 
7 , 12 ) of which he liad become a Fellow ; 
before the British Ecological Society (Man- 
chester, 1926, 5 ) which he had joined as a 
member; and before the British Association 
(Leeds meeting, 1927, H) for which he was 
elected a member of the sectional committee 
for Botany and Forestry. The esteem in 
which he was held was marked in a graceful 
manner by the presentation to him, by the 
staff of University College, of a barograph 
on the eve of his departure from London. 

Mukerji returned to Lucknow in 
December 1927 after tour of the Continent, 
full of enthusiasm for the future. As before 
he threw himself heart and soul into any- 
thing that he took up, whether it was 
botanical research or gardening, sport and 
travel, the University Training Corps, the 
Olympic games, or advisory work on the 
committees and councils of the University, 
of the Provincial Government, of the Indian 

* These numbers refer to the list given at the 
end. 
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Science Congress, of clubs and societies, 
llis enthusiasm was contagious. He was 
like a live wire running through all the 
organisations in which he had a part. 

A man of extraordinary energy and 
driving force, he possessed a degree of self- 
confidence which the achievements oi his 
brief career amply justified. But in a sense 
he was also the victim of his own 
versatility ; too many of his scientific papers, 
although of great value as original contribu- 
tions, were never followed up to the stage 
of full publication. 

The result was that 
he was robbed of his 
due recognition as a 
scientist, and Indian 
Botany of much of 
the fruit of his 
labours. Neverthe- 
less, there can be no 
doubt of his great 
ability as an ecologist’ 
and taxonomic 
botanist, as a teacher 
and as an organiser. 

Shortly before his 
death, the Executive 
Council of Lucknow 
Uni versify had ap- 
point(‘(l him a dele- 
gate to the Interna- 
tional Congress of 
Soil Science, to be 
held at Oxford in 
tile summer of 1935, 
under the auspices of 
the lnt(U‘national So- 
ciety of Soil Science. 

The soil relations of 
plants had become 
his favourite subject 
of research ( 14 , 15 ) ever since his initiation 
at the liands of F. W. Oliver and E, J. 
Salisbury. Ilis thesis for the London 
D.Sc. ( 13 ) which is now being published in 
the Journal of Ecology contains material of 
great interest concerning the autecology and 
distribution of Mevcurialis perennis. Among 
other results, it showed the great 
importance of the hydrogen-ion-concentra- 
tion of the soil as a factor in the growth 
and distribution of plants. 

Latterly he had turned his attention to 
the causes of the high mortality observed 
among seedlings in nature ( 24 ). This is a 
subject of obvious importance in relation 
to the survival, the distribution and 


ultimately of the evolution of species during 
the natural struggle for existence. Here, 
again, he found that the soil factors^ such 
as the carbonate content, water content, 
organic content and hydrogen-ion-eon- 
centration, exercise a decisive influence. 

The ecology of fresh- water vegetation 
was a pet subject with Mukerji and 
one to which he frequently returned 
( 5 , 17 , 19 , 20 , 21 ) after his first paper, read 
before the Calcutta Session of the Indian 
Science Congress (1921, 2 ), on the biotic 
succession in the 
flora of the Dal Lake 
in Kashmir. He had 
also made detailed 
studies of thefloristics 
and ecology of parts 
of the Satpura range 
( 3 ), of the Vindhya 
mountains (4) and of 
Lucknow and its 
vicinity ( 1 ). He was 
a taxonomist of con- 
siderable experience. 
His knowledge of the 
lloia of Lucknow and 
its environs was un- 
rivalled. Latterly lie 
was engaged piepar- 
ing an illustrated 
local Mora. Such a 
work would liave 
been of the greatest 
value to students, 
specially in the 
United Provinces. The 
figures for Mukerji's 
projected work l)ad 
been prepared several 
years ago but so far 
as I am aware, the 
text had not yet been written. 

From numerous excursions in the valley 
and among the mountains of Kashmir, 
Mukerji had gained an extensive knowledge 
of the Kashmir flora ( 17 , 19 ), especially of 
the Lacustrine vegetation of the Dal and 
the Manasbal. A few years ago the Yale 
University expedition to the Karakorum 
range led by the German geologist Hellmut 
de Terra, had made an important collection 
of fossil plants in the so-called Karewa beds 
of Kashmir. These strata (of which the 
surface layers are a favourite soil for the 
cultivation of saffron) are commonly 
regarded as representing the sediments laid 
down in an extensive lake which must have 



Dr. S. K. Mukerji, F.L.S. 
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covered nearly the whole valley during the 
glacial age, and of which the Wular, the 
Manasbal, the Dal and other modern lakes 
are the dwindling remnants. Dr. de Terra 
wrote to me asking whether I could suggest 
the name of an Indian botanist who could 
undertake the investigation of this valuable 
collection : he would have to be a taxono- 
mist familiar with the modern flora of 
Kashmir, but at the same time capable of 
appreciating the problem from the view- 
point of the distribution of species as 
affected by climatic fluctuations during the 
geologically recent past. The problem 
could not have been entrusted to abler 
hands than those of rny late colleague. His 
name was suggested. Dr. de Terra readily 
ngreed- It was with this problem in hand 
that Mukerji had made special visits to 
Kashmir and to Calcutta during the last 
two years. Shortly before his illness he 
was spending a vacation in Calcutta, 
comparing the fossil leaves, fruits, etc., with 
those, of modern species from Kashmir, 
preserved in the herbarium at the Royal 
Botanic Garden. From tlie notes he has 
left, it appears that he had made pro- 
visional identifications of most of the fossils 
as far as they seemed comparable wit-h 
living species. But, alas, the work was cut 
short in this preliminary stage: it remains 
one of the iintinished monuments of a life 
of unusually varied activity. 

Lastly, mention should also be made of 
Mukerfrs interest in Indian medicinal 
plants ( 16 , 18 ) and on forest utilisation 
( 11 , 22 ): subjects on which he had sound 
views, based upon study and experience 
gained during his travels in Kashmir, — that 
region of intense scientific interest, destined 
only to be explored and appreciated by 
sons of foreign soil. 

The void that has been left at the 
University, of which he was such an active 
member for the last thirteen years, will be 
difficult to nil. He will be missed on many 
occasions, and by many who had learnt to 
respect him as a fellow- student, a colleague, 
a teacher, a sportsman, as a friend and 
even as an adversary. A born fighter, with 
a keen sense of justice, he was quickly 
roused to a temper whenever he suspected 
unfairness; and regardless of himself, he 
would champiou a cause solely from a 
passion for fair play. His best friends 
had nicknamed him ' Mussolini an epithet 
not altogether belied by his appearance 
w;hen confronted in argument. But those 


who did not see eye to eye with him will be 
the first to admit that in the end he was 
always open to reason, and that his asser- 
tive temperament concealed a generous 
heart. 

Such was the man whom we mourn 
to-day, snatched away in the prime of life 
from a career of high utility but of still 
higher promise in the service of science and 
society. 

B. Sahni. 

List of Scientific Publications. 

Dr. S. K, Mukerji: (1) A study of the Uoristics 
cand ecolog-y of Lucknow {Proc. Indian Scioice 
Con^jress, Oalciitta, 1921, p. lcS5). (2) The Dal 
Lake (Kashmir) : a study in biotic succession 
{Proc. Indian Science Conrjress, Calcutta, 1921, 
pp. 1S5-1S7). (B) Plant succession in the Satpura 
Range, near Paclimarlii, O.P. iProc. Indian 
Botanical Society, 3, 262). (4) Ecological studies 
of the vegetation of the Yindhyas {Proc. I'ndian 
Botanical Society, Lucknow, 192B; Jourmtlof the 
Indian Botanical Society, 3, 262). (5) The vegeta- 

tion of tlie Dal Lake region of Kasl)inir {Proc. 
British Ecological Society , Mancliestor, .Tune 1926). 
(6) The vegetation of Kashmir, a contribution to 
the ecology of the Kashmir Himalayas {Proc. 
Lmnean Society of London, May 1926). (7) Geo- 

graphical distribution of the genus Mercurlalis 
{Proc. Linnean Society o/ ionckm, October 1926). 
(8) A new variety of MercurUills perennis in the 
British Flora {Journal of Botany, l.ondon, Feb- 
ruary 1927). (9j Habitat forms of 'Merruriaiis 

perennis {Proc. Centenary Celeh ration.'^ of the 
Universiiy of London, University College, .Tune 
1927). (iO) llamblings of a naturalist in Kashmir 
and Switzerland {Proc. Centenary^ Celebrations of 
the University of London, University Colleges 28th 
Juno 1927). (11) The forests of Kashmir {Journal 
of Scientific Transactions, British Association for 
the Advancement of Science, Leeds, (ith S(‘ptem- 
Vjer 1927). (12) Biological relations of MercurUdis 
perennis {Proc. Linnean Society of London, :h*d 
Nov. 1927). (18) Autecology of Mercurialis 

perennis with special reference to fhe soil factors 
(Thesis approved for the degree of D.Sta at Doridon 
University, 1927). (M) SbratiOcation of nitrates 

in natural soils of Lucknow in the form of 
Liesegang idngs and tlie signiOcahee of this jihono- 
menon in Agricultural practice {Proc. Indian 
Science Congress, M,adras, 1929, pp. 251-252). 
(15) The Hydrogen-i.on concentration of the soil 
as a factor of vital importance in governing the 
distribution and growth of plants {Proc. Indian 
Science Congress, Madras, 1029, p. 252). (16) Tlie 
commercial plantation and exploitation of Indian 
medicinal plants and the need for the compila- 
tion of an. Indian pharmacopma {Proc. Indian 
Science Congress, Bangalore, 1932, p. 883). (Pub- 
lished in full by the Indian Press, Allahabad, 
1930, pp. 1-12). (17) Bathymetrical survey of 

the Dal Lake of Kashmir, with special reference 
to the x^Ruetration of actinic rays to different 
depths of water and their effect on the incidence 
of vegetation {Proc. Indian Science Congress, 
Bangalore, 1932, pp. 328-329). (18) On the genus 

Artemisia: its species, varieties and ecads 9s 
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found in Kashmir (Proe. Indian Science CoyigresSi 
Bangalore, 1932, p. 329). (19) On tlie distribu- 

tion of fresh-water plants in India {Proc. Indian 
Science Congress, Patna, 1933, p. 321). (20) Inva- 
sion of Eiehhornia crassipes in the interior of 
the United Provinces {Proc. Indian Science Con- 
gress, Patna, 1933, pp. 321-322). (21 ) Some 

observations on the anomalous distribution and 
ecology of Nymplicca teiragona Georgi {Proc. 
Indian Science Congress, Patna, 1933, p. 322). 
(22) The idle of Parrotia Jacguemontiaiia Dene, 
in the forest ecology of Ivasliinir State {Proc. 
Indian Science Congress, Patna, 1933, p. 322). 


.9. K. Mukerji and T. C. N. Singh: (23) On 
the adaptation of some perennial plants of the 
laicknow flora to the marked periodicity of the 
climate {Proc. Indimi Botanical Society, Lucknow, 
1023; Journal of the Indian Botanical Society, 3, 

p. 202). 

S. K. Mukerji, S. C. Venna, and S. N. Asthana : 
(24) On tlie ecological investigation of twelve 
different kinds of seedlings belonging to ten 
families of flowering plants from the laicknow 
flora wit-h a view to find the causes of excessive 
seedling mortality in nature { Proc. Indian Science 
Congress, Bangalore, 1932, pp. 32.9-330). 


Letters to 

Changes in Charge, Conductivity, Stability 
and Composition of Colloidal Arsenious 
Sulphide on Exposure to Light. 

It is known tliat arsenious sulphide sol 
when exposed to light becomes turbid and 
its flocculation value by electrolytes is lower- 
ed.^ In our laboratory we have made 
simultaneous measurements of charge, 
conductivity, stability and composition 
of arcsenious svdpliide sol when ex- 
posed 1,0 elcu'tric liglit for diffcTcnt j)(‘riods. 
it is observed that th(‘ (diargi.^ on the colloidal 
particles continuously decreases while the 
conductivity of the sol increases with an 
increiise in tlu‘ p(‘riod of exposure to light ; 
tlu^ amount- ol: fre^e ars(‘nious acid in t]i(‘. 
sol at the sanu'. tinu" increases (tlie amount 
of total iirs(‘nie. remaining tlie same) while 
the amount of total siilpluir decreases some- 
what. The si-ability of the sol as determined 
by flocculation values with KOI first in- 
cr(‘ases and tlum d(‘cr(‘US(‘S on the other 
hand, wluui Mg01„ is used to coagulate^- the 
sol, tlie stability is found to decrease conti- 
nuously. 

The ars(‘ni()us sulphide^, sol when exposed 
to liglit ]iy(lr()lys(‘S as on ageing into arse- 
nious acid and liydrogivn sulphide ; the latter 
is ])hotoc]iemieaHy oxidised to sulphur di- 
oxi(l(‘. which ugaiii r<‘acts with hydrogen sul- 
phide to form p(mtat-hioni(‘. acid and sulphur. 
Tlu^. sulphur adsorbs polylhionate ions and 
passes intio colloidal sid])liur.'‘ The decrease 
of tlie eata])hor(‘tic s})ee.d (charge) noticed 
by us is due to an increase of the amount of 


^ Freundhcli and N<athansohQ, Kolloid Zeit., 
1921, 28, 258. 

- Cf. Miss vShoila Roy, J. Ind. Chem. Soc., 1929, 

6 , 431. 

3 Freundlich and Nathansohn, loc. cit. 


the Editor. 

free arsenious acid in tlie sol produced as a 
result of hydrolysis of arsenious sulphideh 
The increase of conductivity is on account of 
the production of free arsenious acid due to 
hydrolysis and of polythionic acids as a 
result of photocliemical oxidation of hydrogen 
snlphidcL The smaller stability of the sol is 
due to a decrease of the cliarge on tlie colloi- 
dal particles, but the greater stability observ- 
ed with KOI when the sol is exposed to light 
only for short periods cannot be explained on 
the same basis because the charge on the 
colloidal particles has continuously decreas- 
ed ; this anomaly with regard to KCl is 
being investigated. The fact that the total 
amount of sulphur in the sol decreases some- 
wliat on exposing it to fight is due to some 
liydrogen sulphide escaping as gas from the 
sol. Iletails of experiments and results 
will be published elsewhere in due course. 

C. B. JOSHI. 

P. M. Barve. 

B. K. Besai. 

Physical Chemistry Laboratory, 

Wilson College, 

Bombay 7, 

August S, 19S4. 


Development of Roots from the Petiole 
of Ficus religlosa Leaf. 

While investigating the influence of 
external environmental condition (e.g.^ fac- 
tors like liglit, temperature, humidity, etc.) 
on the formation of cuticle in Ficus 
religiosa, I had an occasion. -to pluck some 


^ Cf. Desai, Curr. Sci., 1934, 2, 473. 

° Cf. Murphy and Mathews, .7. Anier. Chem. 
1923, 45, 16. 
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of the leaves from the lower region of the 
shoot, which appeared to obstruct tlie fitting 
up of the apparatus. On the same day 
(17th July 1934) those plucked leaves were 
placed ill tap water. The cuticle experiment 
was conducted for a fortnight. During this 
period the leaves remained in the same 
water. They did not show any sign of 
senescence. The leaves were examined on 
31st July 1934 to find a possible cause of 
their remaining healthy, when some root-like 
structures were found to come out from the 
callus formed at the base of the petiole. On 
closer examination they were seen to be real 
roots witli root-hairs and root-caps. On 2nd 
August 1934, the leaves were placed in fresh 
tap water, to see if any further change would 
take place. After a couple of days the hrst- 



i 

L 


formed roots elongated and had developed 
root-hairs profusely. On 4th August 1934, 
one of the leaves with roots was placed in 
moist sand to see if any shoot would come 
out. This leaf remained healthy for 3 days, 
but from 7th August 1934, it began to show 
signs of decay. The other leaf in the mean- 
time had borne several roots right from the 
severed surface up to the middle portion of 
the petiole. On the same date this was 
placed in very dilute nutrient solution 
(Pfeffer’s). The roots elongated and fresh 
root-hairs came out from the elongated 
parts. Some roots gave out branches and 


the length of the individuals became gradu- 
ally greater. 

The leaf is quite healthy and is living till 
this (lay (17th August 1934) when the article 
is being sent to the press. But no shoot is 
coming out. 

Further work on this is proceeding. 

P. F. Mallik. 

Davensliaw College, 

Cuttack, 

August 17, 10 SI. 


Note on the Theory of Artificial 
Disintegration. 

In a recent publication^ I (in collaboration 
with A. Ganguli) have given tlie following 
.wave statistical formula for artificial dis- 
integration of nucleus by a -particles. 


A = C.— ^i . h 2L _ X .. (1) 

^ oii! CotjLt(,o 

Xexp.~-{2/c^(2^(•^^~Sin 2uQ^)-21c.,(2u^^.rShi 2u^,,)] 

where the suffixes 1 and 2 arc respec- 
tively for the bombarding a-particles and 
the disintegrating protons. The above for- 
mula has been shown to be in good agree- 
ment with experiment. The discontinui- 
ties in the curve lately found by Chadwick 
and others- can be explained from the 
above formula on assuming the (existence 
of different groups of protons within tlie 
nucleus. Investigation in this direction has 
already been taken up by M. Ghosh. It 
should also be noted that the above formula 
is perfectly general and may be us(h 1 for any 
other class of nuclear artificial disint('.gra- 
tion. 

Since the paper has been ])ublished, my 
attention is drawn to a recent article on the 
subject by Th. Sexl.-^ Aft(^r (‘laborate 
analyses Sexl finds that the absorption 
coefficient (a) for the a-particles is given 
by (in the present notation). 

a e— 2/vi (*2woi. -Sin 2uoi) . . (2) 

Since A oc a, formula (2) obviously cor- 
responds to the first part of my formula (1), 
which follows directly from the assumption 
of a viscous phase space for the nucleus. 

We should also note that the second part 
of equation (1) representing the disintegrating 
protons is taken with a positive sign in the 

1 Curr. Sci., 1934, 2, 471. 

2 Proc. Roy. Soc., 130, 463 ; 13S, 48. 

3 Zeitf. Pky., 1934,87, 105. 
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exponential, whereas in the case of spon- 
taneous disintegration the sign is negative. 
The solution of the relevant differential 
equation gives both the signs. As usual 
we are to hx the sign from a physical consi- 
deration of the problem. From the principle 
of conservation of energy we find that for a 
given velocity of the bombarding a-particle 
the number of protons coming out of the 
nucleus with a higher velocity is less. So 
the sign must be ^taken positive. Condi- 
tions are, however, different when the emis- 
sion is spontaneous. 

Lastly, we may remark that in his above 
treatment Sexl appears to think that when 
the limit of approach of the bombarding 
a-particle is zero, there is usual Kuther- 
ford scattering but if, instead, the limit is 
there is an additional term in the pertur- 
bation function which represents disintegra- 
tion. But after Mukherjee’s well-known 
wave statistical theory"’ of anomalous 
a -scattering based on the assumption of a 
critical radius the above idea of Sexl 
should, I think, be discarded. 

IC. C. Kar.. 

Physical Eesearch Laboratory, 

Ih’esidency Oolleg(‘ , 

Calcutta, 

August 28, 1084, 


Determination of e/m and Mass of Individual 
Charged Particles in Colloids. 

It is of great interest to determine the size 
and mass of individual particles in colloids, 
as the methods hitherto employed give only 
the average values, which are more or less 
incorrect. I have therefore been working 
out dirf(‘rent methods for the determination 
of the mass, siz(^. and the ratio of the charge 
to mass of indlvulual particles in colloids. 
One of these has been briefly mentioned in 
a previous no te.'^ A short account of another 
method which has been worked out 
successfully by me is given below : — 

The colioid under examination was con- 
tained in a cataphoresis cell, which was so 
fixed in the ultramicroscope that, when an 
electric field was applied across the elec- 
trodes, the colloidal particles moved up or 
down depending on the direction of the 
field. The eye-piece was fitted with a 


^ Vide solution bv Uiccatti’s method given by 
Sexl, Zeitf. Phys., 1929, 56, 92. 

5 Phys, Zeit, 1933, 34, 175. 

* Curr. Sci., 1934. 2, p. 387. 


micrometer scale. Any single particle was 
selected in the field of view of the ultra- 
microscope. Then an electric field of 80 
or 100 volts was applied across the electrodes 
and the velocity (yj of the motion of the 
single particle in a vertically doionward 
direction, i.e., under tlie combined influence 
of the electric and gravitational fields, was 
found. The electric held was then reversed, 
and the velocity {v.,) of the movement of 
the same particle in a vertically npnmrd 
direction with th(‘ force of gravity acting 
against tlie eleedric fudd was found. Then 
we have 

V, Xe -I- 4 / 3771 -^ (di--ch) ^ 

Vo^Xe -- 4/37TE^ (d-L— do] g’ V, — Vo~“ m.g.c 

(X is the applied electric field, e the charge 
of the particle, m its mass, g the gravity 
constant, and d, the densities of the 
irarticle and tlie medium respectively). X, 
g and c are constants, the values of which, 
are known. Knowdng further the values 
of and V,, Avhich have been determined 
experimentally, the value of e/m for each 
individual colloidal particle, observed in 
the field of thc^. ultramicroscope could be 
calculated. 

Oemparison of tlie values of e/m for 
several particles has shown that the value 
of e/m for a certain s(d of jiartich^s is ])rac- 
tically the same, that for otlurs a simple 
multiple of the former, and so on. It is, 
how(‘.ver, necessary to work with a l^rgHi 
number of sucli particles before a genera- 
lisation can be made. I am thcnvfore con- 
tinuing this investigation and ext(‘.nding 
it to a number of colloidal systems. 

K. IvumirNAMURTi. 

College of Science, 

Nagpur, 

August 29, 103 L 


The Development of the Female Gametophyte 
of Lvdivigia parvi flora, Roxb, and 
Jussicua re pens, Linn. 

The family Onagracea^. has long been of 
interest to the morphologist and cytologist. 
The added importance given to it by tlie 
series of papers recently published by .Dr. 
Donald A. Johansen of the Stanford Univer- 
sity, has prompted us to give here a brief 
report of our own observations on the deve- 
lopment of the embryo sac in two plants of 
this family, which we had the occasion to 
collect in our trips to places near about 
Agra. 
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Both the plants are found only in marshy 
habitats, but the second — Jiissieita repens — 
thrives best in water. The ovary is com- 
pletely iiiferior, four to hve-celled, and has 
rows of numerous tiny ovules arranged on 
the axile placentas. In Junsleua repens two 
leaf-like appendages are present on the ovary 
which do not, however, give a clear indication 
of the presence of xylem and phloein. 

The ovules are anatropous and since there 
is a gradation in their rate of development, 
a fair number of stages can be obtained from 
a single ovary if suitably cut. In later stages 
the ovules become bent and i)ressed towards 
the central axis— an arrangement evidently 
designed to facilitate the entry of the pollen 
tube. Ill Jussieua the curvature of the 
ovules continues till they become completely 
curved over with the micropyle pointing up- 
ward. In Lud'wigia tliQYO u no uniformity, 
but the longitudinal axis of tlie ovule usually 
lies at right angles to the placenta with the 
micropyle turned inwards. There are tAvo 
integuments, but the outer is not developed 
towards the side of the funiculus. ETeither 
a hypostate nor epistase develops in any of 
the two species. 

Usually there is a single hypodermal arches- 
porial cell, but the adjoining cells of the 
nucellus sometimes resemble this so closely 
that it is difficult to distinguish it clearly 
from them. The primary wall cell in 
Jussieua gives rise to an extensive parietal 
tissue, but in Ludwigla only two layers are 
formed in most cases. Occasionally the 
epidermal cells of the nucellus also divide at 
certain points in Jussieua. 

The megaspore mother cell (Fig. 1) gives 
rise to a tetrad of four megaspores whicli are 
usually arranged in a single row, but in 
Ludwigia it occasionally happens that the 
cell' wall laid down in the chalazal dyad is 
oblique (Pig. 4) or even perpendicular in 
the latter case the megaspores become 
arranged in the form of an inverted T 
In Jussieua two tetrads are occasionally 
present in the same nucellus. 

The micropylar megaspore alone functions 
in most cases, but the chalazal often enlarges 
considerably and both may continue to 
grow for some time (Fig. 3). More rarely 
the upper two may enlarge and the two 
at the chalazal end may be the first to 
degenerate (Figs. 2 & 4). In most cases 
the remains of the three degenerating 
megaspores can be easily made out in both 
genera even up to the time the embryo 
sacs are ready for fertilisation. 



Figs. 1-7. 

All hgures are of Ludiol'jla parvljlont and liave 
been reproduced at a magnification of x625. 


During the enlargement of the micropylar 
inegaspore a vacuole appears at its lower end 
so that the nucleus always lies at the top 
(Fig. 5). Here it undergoes two divisions 
giving rise to 4- nuclei (Figs. (> & 7) of which 
three take part in the formation of the egg 
apparatus and the fourth functions as the 
single polar nucleus. As in tlie otlier Ona- 
graceae, so far investigated (except Trapa) 
there are no antipodals nor a lower polar 
nucleus. 

Sterility of ovules was common in both the 
plants. In Ludwigla several cases were seen 
where both the nucellus and embryo sac 
were absent and only the integuments were 
left. Degenerations might set in at any 
stage, but are more frequent in later stages. 

P. MAHKmiWAUI. 

Babu Lal Gupta. 

Agra College, 

Agra, 

August 31, 193 
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A Case of Ovoviviparousness in Adult Gall 
Midges {Itonididce). 

Khale^ first recorded the remarkable 
phenomenon of ovoviviparousness in gall 
midge larvie. Later Felt- described this type 
of psBdogenesis in the genera Miastor Mein, 
and Oligarces Mein. But the only reference 
in the literature to this habit in the adult 
gall midges is by Cotes^ who records that 
Wood -Mason believed the '' silver-shoot ■’ 
gall midge of paddy P achy di pious orijzie 
Wood-Mason, to be viviparous. 

While recently working on the Indian 
forms of this family, I came across an un- 
doubted case of this habit in the adults of 
a new speciesL The abdomen of a female 
of this species was observed to be heavily 
loaded with numerous cylindrical, apodous 
larvae, which were at first believed to be 
those of Hymenopterous parasites. Subse- 
quent observations, however, proved to 
the contrary and it was found that they 
were true Itonid larvae, hatched from eggs 
inside the abdomen of the mother. 

After pairing of the midges, the eggs 
are fertilised but are not deposited by the 
female. The larvae- are hatched from them, 
retained and nourislied in the abdominal 
cavity of the parent midge. Living mag- 
gots are then deposited after twelve days 
on decaying vegetable matter. When fresh- 
ly extruded they are about 1 mm. long and 
yellowish-white in colour. Some of them 
are already in a far-advanced stage of de- 
velopment and immediately turn into pupie. 
Others, however, feed on the decaying 
vegetable matter and pupate after a further 
period of development extending over a 
month. The adults emerge in about five 
days. 

This habit seems to be of great advan- 
tage to the species in two ways. Not being 
so helpless as eggs, the larva-^- have a chance 
of escaping parasitisation. When suffi- 
cient food is lacking, some at least of the 


^ Khale, W., “ Die Paedogeiiesis der Cecido- 
myiden, ” Zoologica, 1908, 55, 21, 1-80. 

- Felt, E. P., “ Miastor americana Felt, an 
account of Pedogenesis,” Bull. N . Y. St, Mus., 

1911, No. 14-7, 82-104. 

‘•Biology of Miastor and OligarcesP Science, 

1912, 33, 278-280. 

Cotes, E. C. “ Notes on Indian Economic In- 
sects, ” Ind. 31us. Notes, 1890, 1, 103. 

^ This new species is described in a paper shortly 
to appear in the Becords of the Indian Museum 
under the name Thurauia chilkaensis, sp. nov. 
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larva', already well developed, can immedi- 
ately pupate after being laid and turn into 
adults, thus providing against the entire 
extinction of tlie generation. 

M. S. Manx. 

Entomological Section, 

Zoological Survey of India, 

Indian Museum, 

Calcutta, 

September 19Sd. 


Exembryonate Seeds. 

In their interesting note recently publish- 
ed Joshi and Rao’ record the formation, 
in Tinospora cordifolia, of fruits and seeds 
which are outwardly normal although 
devoid of all trace of an embryo. There is 
no evidence of fertilisation, indeed, even 
of pollination ; the e.gg-apparatus and anti- 
podal cells of the otherwise normal embryo- 
sac degenerate early, but a copious endosperm 
results from the fusion of the two polar 
nuclei : there is, of course, no triple fusion. 
The ovary ripens into a liealthy, fleshy 
fruit, containing seeds wliich arc normal 
except for the abseiu'-e of an embryo. 

Tile aiitliors suggest a com])arison with 
the case of Cycas revoluta recorded by Kash- 
yap in 1921, wheri^ foreign pollen may 
possibly provide th(‘. necessary stimulus 
to the furt]i(*r development of the ovukr. 
But they do not ref(u’ to an important paper 
published earlier, in which le Goc'* proved 
the influence of foreign pollen on the develop- 
ment of the ovule of C. Ihimphii, In the 
Tinas poraj liowever, there is no question 
even of foreign pollen. A paladiotanist 
is at once reminded of the fact that so many 
of the best preservi'd paheozoic gymno- 
spexm seeds ” are totally devoid of an 
embryo. This fact has generally been 
explained on the analogy of the modern 
Ginkgo, wliere fertilisation is said to take 
place after the ovule has fallen to the ground. 
No such explanation will, however, apply 
in the present case. 

But how does the Tinospora seed germi- 
nate, if at all Whence does the seedling 
take, its birth '? These are obvious ques- 
tions on which, it is a pity, the authors 
are silent. Does the endosperm itself func- 
tion here as an embryo '? It lias been 

1 Ciirr. Sci„ 1934, 3, 2“ G2. 

- Ka.sliyap, Journ. Ind. Bot. Soc., 1921, 2, 120. 

3 le Goc, Ann. Roy. Bot, Gard. Peradeniya, 
1917, 6, 3, 187. 
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suggested, rather acutely, that the endo- 
sperni of the higher flowering plants is in its 
morphological nature a sort of embryo. 
]:To doubt the authors will pursue their 
enquiry, in due course, into these matters. 

B. Sahki. 

The University, 

Lucknow, 

September 2, 1934. 

On the Development of the Dorsal Arcualia | 

in the Cervical Vertebra in Chelonia. 

Previous workers^"''’ on the development of 
the vertebral column of Chelonia, have stated 
that the dorsal arcualia of the cervical 
vertebrui are formed from the cartilaginous 
basidorsals of either side to complete the 
neural arch. But our recent investigation 
disproves their findings. Mookerjee" has 
shown that in the vertebral column 
of Urodela the cartilaginous basidorsals 
of the corresponding vertebrae are situated 
at the middle region of the centrum. There 
is a third piece of cartilage, the supra- 
dorsal, which intervenes between the 
basidorsals of either side and leads to 
the completion of the cartilaginous arch. 
Besides this, at the anterior and posterior 
portions of this cartilaginous arch, there 
are two connective tissue arches which 
complete the dorsal .arcualia of each verte- 
bra. These connective tissue arches become 
osseous without going through the stage 
of chondrification, and they are thin- 
ner in cross-section than the cartilaginous 
basidorsals rnentioued above. An identical 
condition, as detailed above, has been shown 
recently by Mookerj.ee in collaboration with 
Chatterjee' in the vertebral column of snakes. 
Now a similar condition has again been 
observed by us in the vertebral column of 
Chelonia (Figs. 1-5). 

It may further be pointed out that in the 
intervertebral region of Chrysemys structures 
like the zygosphenes and zygantra or the 


1 Gegenbaur, C., Untersnchunf/fm zur verglei- 
chendek An'domie der Wirbelsaule hei AmpMbien 
und ReptlUen, Leipzig, 1862. 

2 Hoffmann, 0. K., Bronn's Klassen unf Ord- 
nuyujen des Tierreichs, 1890, Bd. VI, Abt. 3. 

2 Gadow, H., Phil. Trans. Roy. Soc., 1896, 
187 B. 

^ Gadow, H., The JS volution of the Vertebral 
Column, Cambridge, 1933. 

Procter, J. B., Proc. Zool. Soc. London, 1922. 

® Mookerjee, H. K , Phil. Trans. Roy. Soc., 1930, 

218 B. 


fibrous tissue, characteristics respectively of 
snakes and newts^ are not found *, but the 
intervertebral region of Chrysemys comes 
closer to the anuran condition in as much as 



Fig. 1. X40 



Fig. 2. X4:2*5 


a big gap exists between the two successive 
vertebrae. 

Mention may also be made liere of the 
fact that in the second vertebra of Chrysemys 


7 Mookerjee, H. K., and Chatterjeo, B. K., 
Curr. Sci., 1934, 2, 434-436. 
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there is a dorsal spine, which is an outgrowth 
at the mid- dorsal region of the anterior 
connective tissue arch. This could not, how- 
ever, be found in other cervical vertebrae. 


7 



Fig. 4. X40 


For the sake of comparison we have given 
the side view of two consecutive adult 
cervical vertebrae (Pig. 6) and have marked 
those planes through which the transverse 
sections would have passed. Pigs. 1 to 5 


correspond more or less with the markings 
on the adult vertebrae. 


8 



Fig. 5. X 35 


Figs. 1~-S. Serial transverse sections through 
different regions of a cervical vertebra of 
Chryscmys marginata at 15 mm. 

1 . Pofftzygcrpophysis . 

2. Anterior connective ils^nie arch. 

3 . Cartilafjino us b as idorsa I . 

4. Sp'mal nerve (j any lion. 

5. Coyidyle of the vertebra. 

(>. Socket of the vertebra. 

7. Stipradorsal. 

8. Posterior connective iissuc arch. 

.9. Prezyy apophysis. 



Fig. 6. XU 


Side view of two consecutive adult cervical vertebra 
of Chrysemys marginata. 
a. b, c, d and e are tlie planes through which 
Figs. 1 to 5 have passed. 

ITimadri Kubiar Mookerjee, 
Amal Krishna Mukherjee. 

Department of Zoology, 

University of Calcutta, 

September 4, 1934. 
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An Automatic Device for Maintaining 
Constant Pressure. 

While developing a new type of pendulum 
oscillating in an evacuated chamber, consi- 
derable difficulty has been experienced in 
maintaining the required pressure of about 
1 mm. of Hg. Due to the large size of the 
chamber and the numerous joints involved in 
the construction, a small leak was unavoid- 
able. An automatic arrangement was 
therefore developed and found to main- 
tain the pressure inside the chamber con- 
stant to within ± 0-5 mm. of mercury. 
The platinum electrodes and K 2 are fused 
into a manometer as shown in Fig. 1. 


But owing to capillary attraction, the sur- 
face of mercury remains in contact with the 
platinum point for an appreciable length of 
time, thus ensuring smooth performance. 
On one occasion, the motor was switched on 
once every 40 minutes and was kept running 
each time for 20 seconds. 

If a larger variation of pressure is 
permissible the adaptation of a thermal 
time delay device in the relay circuit further 
smoothens the operation by keeping the 
motor running for some time after the 
manometer contact breaks. 

The time delay device (Fig. 2) consists of 
a compound strip of brass and iron, rivetted 


220 Volts. 25 
Mains 
Q O 


220 Volts. 25- 
Mains 


Heater coil in 
manometer relay circuit 


Hydrogen 

atmosphere 



To pump 
motor 


Heater coil in 
manometer 
relay circuit 


Mercury 


To chamber 


Fig. 2. 


Fig. 1. 


is in permanent contact with mercury while 
is some height determined by the 
desired pressure in the chamber. As soon as a 
leak develops, the mercury rises in the 
manometer and completes the circuit of the 
relay E which switches on the motor ; the 
latter runs till the pressure in the chamber 
falls to the previous value. It might at first 
appear that, once the motor has started, it 
will stop almost immediately (due to the 
rapid fall of the mercury column in the 
manometer) resulting in jerky operation. 


together. After insulating the strip with 
asbestos paper a few turns of nichrome wire 
are wound over it. The rate of heating, 
the size of the strip and the Iieat insulation 
determine the period of delay. The 
compound strip on being heated by the 
current switched on by the manometer relay, 
bends and switches on the motor. Even 
though the mercury column in the mano- 
meter breaks the heater current, the contact 
IS maintained a little longer owing to the 
heat capacity of the strip. A strip of 4 cm. X 
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1 cm. X 0*1 cm. wound with 20 turns of 
ISTo. 30 niclirome wire is found to give a 
time delay of 2 minutes. 

A more satisfactory time delay arrange- 
ment is a thermally-operated mercury 
switch as shown in Fig. 3. This arrange- 
ment permits greater flexibility. The size 
of the bulb, the bore of the strip and the 
rate of heating determine the period of con- 
tact and can be adopted to individual 
requirements within wide limits. The 
atmosphere of hydrogen prevents heavy 
sparking and fouling of the contact surfaces. 

C. Chandrasekhariah. 
Elecl. Communication Laboratories, 

Indian Institute of Science, 

Bangalore, September 5, 1934. 


Influence of High Temperature on the 
Raman Bands of Benzene. 

Fu./ioka^ studied the Raman spectra of a 
few organic liquids at 10°C and at 100°C 
and found that in the case of benzene the 
two Raman lines 1584 cm."^ and 1603 cm. 
are remarkably broadened at ]00"’O and 
generally those lines which are diffuse at 
room temperature become slightly broader 
at lOC'C. He attributed this broadening 
of the diffuse lines witli rise of temperature 
to the increase of rotation of the molecules. 
Since comprehensive theories about the 
structure of the Raman bands have subse- 
quently been put forward by Placzek^ and 
Placzek and Teller"* it is easy to understand 
now the changes which the Raman lines may 
undergo with rise of temperature. The Raman 
spectrum of benzene lias therefore been 
investigated more carefully at different 
temperatures in the range 35‘'C to IGO'^C. 
The micro photometric records of the Raman 
spectra of benzene at 35‘Ti and .160°C are 
reproduce<l in Fig. 1. 

A comparison of the Raman spectra of 
hot and cold benzene shows that many of 
the lines undergo changes at high tempera- 
tures. The lines 1584 cm.'^ and 1603 cm. 
are found to become broader at high tem- 
peratures as observed by Fujioka. Besides 
this, the following changes not reported by 
Fujioka are also observed. The Raman 
line 603 cm.’^ excited by both the mercury 
lines 4046 A and 4358 A, though fairly sharp 

^ Y. Fnjioka, Sc, Pap. Inst. Pliys. Chem. Rts. 
Tokyo, 1929, 11 , 205. 

2 G. Placzek, Zeii.f. Phys., 1931, 70 , 84. 

2 G. Placzek and E. Teller, Zeit.f. Phys., 1933, 

81 , 209. 


at the room temperature, becomes much 
broader at high temperatures. ^ The band 
3047 cm."^ excited by 4358 A not only 

becomes broader but also its intensity dimi- 
nishes at high temperatures. The line 
1180 cm."^ excited by 4358 a seems at first 
sight to be broadened very much but the 
same line excited by 4046 A does not under- 
go much change with the rise of tempera- 
ture. On closer examination it is found 
that the Raman band 2945 cm."' excited 
by 4046 A is just superposed on the line 
1180 cm."' excited by 4358 A and is very 
feeble at the room temperature but its 
intensity as well as the Avidth increase with 
the rise of temperature so that at high tem- 
peratures the line 1180 cm."' is masked 
by it. Thus it is the line 2945 cm."' which 
undergoes the change and not the line 
1180 cm."^ The lines 3047 cm."' and 2945 
cm."' seem to be intimately connected to 
each other, because as the intensity of the 
former diminishes with the rise of tempera- 
ture that of the latter increases. This 
change in the relative intensities of the 
Raman lines with the change in the tem- 
perature is different from that predicted 
by Placzek's theory, because the latter 
change can take place only in the case of 
lines of small frequency shifts. The in- 
fluence of higher rotational and vibrational 
states seems to bring about a slight deforma- 
tion of the molecule, so that tlie change in 
the polarisability in the case of one of the 
vibrations diminishes while that in the other 
case increases. The only other change 
observed at high temperatures is the usual 
increase in the intensity of the anti-Stokes 
line 990 cm,’'^ The width of the lines 
990 cm."' and 3060 cm."' does not change 
with the rise of temperature. 

The observed increase in the width of 
the line 603 cm."' with the rise of tempera- 
ture may be due to anharmonicity, because 
the vibration frequency being iow, it is 
possible for a considerable fraction of the 
molecules to possess initially a vibration 
quantum number greater than zero, and 
according to the theory, the width of the 
line in the case of anharmonic vibrations 
depends slightly on the initial quantum 
number v.,. In the case of the lines 
2945 cm."' and 3047 cm."', however, the fre- 
quencies being great, the observed broaden- 
ing cannot be due to anharmonicity. 
Theoretically, if the vibrations are not 
total, symmetric but cause a degradation 
of the symmetry of the molecule, the whole 
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intensity of tlie corresponding Eaman lines 
is due to anisotropic scattering depending 
on the orientation of the molecule. Such 
a Eaman hand possesses a structure consist- 
ing of ten branches. The frequency shifts 
of these branches from the centre of the 
band depends on J and K, where J and K 
are the quantum numbers of the total rota- 
tion impulse and that along the axis of the 
molecule respectively. The probability of 
higher values of J and K increases with 
the rise of temperature and consequently 
the width of the band also increases. 

It is easy to understand why the width 
of the lines 990 cm.'^ and 3060 cm.“^ does not 
increase with the rise of temperature. These 
lines being due to total symmetric oscilla- 
tions the intensities of the central lines are 
due to “ spur ” scattering, i.e,, scattering 
contributed by the diagonal sum of the 
matrix elements of the tensor represent- 
ing the change of polarisability. Such a 
scattering is independent of the rotation 
of the molecules. There is, however, an 
accompanying rotational vdng, but it is 
as feeble in comparison with the central 
sharp hne as the wing accompanying the 
Eayleigh hne is in comparison -with Eayleigh 
line itself. 


The author’s thanks are due to Prof. 
D. M. Bose for his kind interest in the work. 

S. C. SiRKAR. 

University College of Science, 

92, Upper Circular Eoad, 

Calcutta, 

September 6j 1934. 


Lilac Ortho-Pyroxenes from Koratagere 
(Mysore State). 

Among the outcrops which form the suite 
of Cordierite-hypersthene rocks near Bida- 
loti (Lat. 13° 31' N. ; Long. 77° 17' 30" E.) in 
Koratagere taluk, are a few which show a 
peculiar violet or lilac ortho-pyroxene. This 
is the first instance in which such a type 
of ortho-pyroxene has been noticed in Mysore 
and so far as we are aware, its occurrence 
has not been recorded elsewhere either. 
In microsections the mineral shows the 
usual characteristics of hypersthene, i.e.j 
straight extinction, negative sign and pleo- 
chroism but differs from it in having a lower 
refractive index, a lesser intensity of 
pleochroism and a different scheme of 
axial colours as noted below : 

X -- yellow. 

Z = Y == lilac to lavender. 
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Tho mineral is closely associuited with 
the normal pink to JL'rc^en plcochroic hyper- 
stlaoK', (U)r(li(‘rite and biotitiN and it is prob- 
ably a derived spe(‘i(‘s Iroin tiu‘ reconstruc- 
tion of tlu‘ alt.(‘r(‘d producis oi th(‘ latt(‘r 
two niiiKu-als. i >(d4ul(Ml inv(ssti.L>‘ati()ns re- 
o'ardin.u' its opIic'uJ a^nl (duunic.jil cl)a,ra(*.ters, 
etc., ar(‘ iHun.a' carried on a.nd results 
obtained will b(^ publislunl (‘Isiwvhen^. in due. 
course. 

U. IvAMA liAO. 

M. I>. llAMACIIANDK.A llAU. 

Mysor(‘ (b‘oIoi>'i('al l)(‘[){.., 
l>aiii»‘ab)r(‘, 
i^cpU'iuhrr T, //tV /. 


The Open Pan System of White Sugar 
Manufacture. 

Tn the note juiblisluMl in lh(‘ July ivssue 
(]). 12-1) of (■urrcHt fScicHcr l>r. Iy(‘n.L»4ir was 
soinewluit unkiml to th(‘ growin.ij;’ industry, 
having piu’luips ovtu*look(‘(l th(‘ (‘xtnnne 
limitations of th(‘ mod(‘rn fa-idory system. 
In vi(AV of our unicpu^ a.gri(*ultura.l and 
market conditions, the ultbnal(‘ scope* of 
th(* va.(mum plants may be* e'slhnate*el a.t 
15 })er ce*ni.. of 1 he* total sugar jiroduea* e>f the* 
country ; \vhe*r(‘a.s t he* o])e*n pan syste*in, 
the out-put e)f which alre*a.(Iy (‘epials tha-t of 
tlie large* e*e‘ntTals, has a- fair eJuince eif supe‘r- 
seding the* primitive* me*t-he)ds of (jur manu- 
facture*, if furt-he*r technie'al <le*ve‘lopme*nt 
is tbrthe^oming. 

Dr. Iy(*nga.r's ligiir(*s re‘lal-ing i.e) low 
sue-rose*. r(‘e‘()v<*ry by the* e)jM‘n i^a.ii pi’oe.e*ss 
curiously fall to discourage* the* ave*ra.ge* 
Khamisitri whiedi, with simple* e‘(jui[)me‘nt., 
turns e)ut. 5 pe*r e‘e‘nt>. white* suga.r a-nd ti pen* 
ce^nt. gid' eif ma.rke*t-abl(* ejua-lit-y UiS against- 
liielian fa.e't-oi'y a.V(‘ra.u'e*s e>f 5 pe‘re‘e‘nt-. (iivst 
sugar, I pe‘r e'e‘nt'. iiife‘rie)r gra4le*s a.ml '1-5 
per eamt-. waste* as mohisse‘s. Nen* ele>e*s 
the e.()mpa.!*atlve‘ly ine*nie*i(‘nt- milling, wlue‘h 
yi(*lels a.be)u(, 15 pe*r e'e‘nt'. h'ss juie*e‘ t ha.n t-he 
elahorat-e* ta.nele*m e>f the* biedory, e*onsti- 
tute an e*n(.ire* disae I vantage* a.s the* a,bse*ne‘,(‘ 
of the* a,elelit.ional iinpuritie*s tluit weinld 
result fre)m multiple* e‘riishing se*rv(*s to 
rend(*r the* by-pre>elue*t e*dible*. 

Open ])an beiiling ycr sr is neit an unsound 
proposition, if it- is re*e*ognis(*d t-liat- one of 
the most (*xj)(*nsive* ce)mpli(aitions of tlm 
modern cemtral, r/.:., vacuum e*.vap()ration, 
although ele*sirable^ on e*ei(>ue.)mic grounels 
when dealing with se*.v(*ral hiinelreds of tons 
of juices daily, can be elispeniseel with by 


the small manufacturer with little appre- 
cia])le damage to the juices. In fact, up-to- 
date factories in Europe evaioorate beet 
juices under pressure, the issuing vapours 
S(*rving as process steam for auxiliary pur- 

])OS(*S. 

The* possibilities of tlie open pan process 
(‘■annot be gainsaid, as further investigations 
might leael to the evolution of a cheap manu- 
facturing unit yielding with minimum waste, 
a prexlneT that might satisfy non-fastielious 
e*.onsnmers and se*rving the interests, needs 
a.nd limitations of the agricultural classes 
as ne) (*xpausi()u of the modern factory 
systeun can. 

L. Gopala Kao. 
Indian Institute of Science, 

Mangalore, 

Heptember 11, 1954. 


I AM not in tlie leuist unkind to the open 
pan industry l)ut am simply looking at hard 
facts in tln^ face. Since the days of '' Hadi 
Pre>e'<e*ss ” t-he open pan system is surely 
making sugar durnig a period of over 20 
years, but still the factory system has made 
i*m)rm()us strides during tlu*. last three years. 

Th(^ one i)(>int at- issue* is that the open 
pa.n syst(‘m of ma-king wliite sugar cannot 
<*.()mj)(*t(* w'ith t-he factory system, and is 
])ound to disapp(*ar in course of time just 
a,s it has a-lr(‘ady doiu*. in other countries. 
Simila-rly (*V(*n the small inefficient suga,r 
fa(‘.t.()ri(*s a-n*. bound to make room for large 
(‘Hieient ones. 

Tlu*. o])(‘.n pan system has certainly a 
pla.e(* in t-lu*. i)roduetion of gtir from pure 
e.a.u(‘. juiea* and not from a mixture of juice 
a-nd molass(*s or from molasses. Any iin- 
|)rov(‘m(*nts in that direction are certainly 
web'.onu*. in tlu*. int(*r(*sts of the small culti- 
vator who ])r()du(*.es gur for eating and 
not relining purposes. 

During the peTiod tliat the sugar tariff 
lasl.s, I think s(*Tious efforts should be made 
to put tlu* sugar industry on a sound basis 
so a.s i.o be. al)le to compete with foreign 
suga.r in tlu*, Indian market even if the tariff 
is ;r(*moved. Efforts to improve the open 
pan syst(*in an*, not likely to acliieve much 
mon* than what has been done during the 
last 20 y<*ars, and may even give a set 
back to the sugar industry in the long run. 

If facts and ligures are brought forth to 
pr()V(*, that the Kharuisari can make 
more money by making sugar than l8y mak- 
“ ing gur of good, quality, then I am prepared 
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to revise my views. As it is, when g 2 ir is 
selling at about i the price of sugar, people 
interested in the industry think it not at 
all worth while to make sugar but make 
only jaggery. 

E. ]Sr. IVENGAR. 
I)ept. of Agriculture, Mysore, 

Bangalore, 

September 12, 1934. 


The Multiplication of Scientific Societies. 

Among the interesting items included under 
the head of Science JSTotes in the August 
number of Current Science is an announce- 
ment of the formation of a Biochemical 
Society in Calcutta. Immediately above 
this item is a notice of a joint meeting in 
Bombay of the Society of Biological Che- 
mists, India, and the Grant Medical College 
Physiological Society. The need for another 
Biocliemical Society is therefore hardly 
apparent. 

The incident is . only too characteristic 
of the fissiparous tendency apparently 
inherent among Indian organised bodies, 
scientihc and other. 

Some time ago there was a movement 
for the foundation of a '' Society of Applied 
Chemistry ” in Bombay, regardless of the 
fact that the '' Institution of Chemists 
(India) ” w^as doing much the same kind 
of work, not without difficulty, in Calcutta. 

Apart from the expense and trouble of 
maintaining separate literature and collect- 
ing separate subscriptions, a much more 
serious result of this multiplication of 
scientific societies is the increased isolation 
of scientific workers. Even if an individual 
can afford the expense to subscribe for and 
the time to look through the various publica- 
tions containing the papers in which he 
may be interested, it all adds unnecessarily 
to the difficulty of keeping intelligently in 
touch with scientific progress. 


In the majority of cases it is likely that 
only a few' papers are read concerned with 
the particular corner occupied by the sub- 
scriber to the specialist publication. 

I have long felt and advocated that all 
chemical work done in India, whether ''iiiire'’ 
or “applied ”, “specialist ” or “ general, ” 
should come under the cognizance of the 
Indian Chemical Society. 

There would seem no reason why the 
different societies should not be affiliated to 
the Indian Chemical Society so that they 
may work together as a single organisa- 
tion. 

All papers read at these affiliated Socie- 
ties might be offered either in full or in 
abstract for publication in the Journal of 
the Indian Chemical Socletjf. It will doubt- 
less be convenient for these “ affiliated ” 
papers to be published together in sections 
under the heads of “ Biochemistry ”, 
“Apx3lied Chemistry,” etc., and such sec- 
tions to be available, if necessary, at reduced 
prices to readers not full members of the 
Indian Chemical Society. 

While geographical conditions may render 
necessary local bodies of more or less inde- 
pendent personnel, a central medium of 
publication through the good officers of the 
Indian Chemical Society would seem to 
be called for in order to maintain the 
breadth of outlook which is so greatly need- 
ed in present-day India. 

Business details such as the prox>ortion 
of subscriptions to be paid to the central 
and local societies should not be difficult 
to arrange, on the lines adopted by such 
bodies as the Institute of Chemistry and the 
Society of Chemical Industry, and otliers, 
in giving financial support to their local 
sections. 

Gilbert J. Fowler. 

Central Hotel, 

Bangalore, 

September 6, 1984. 
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Note on Excavations in a Prehistoric Site at Kilpauk, Madras. 

By M. B. Eaghavan andT. G. Aravamuthan. 


existence of a prehistoric cemetery in 
Kilpauk, Madras, has been known for 
about twelve years past, but only to a few 
persons interested in prehistoric arclunology.^ 
The site is included in the garden of the 
bungalow ^E^ntenoy’, which belongs to Mr. 
E. It. Prudhomme and is situated on HalPs 
Eoad, Kilpauk. Mr. Prudhomme had 
e-ollecticd the pottery he unearthed in laying 
out his garden, the finds including a 
small sarcophagus and small vessels of 
various types among which could easily be 
re('.ogiiised the black-tipped ware, with 
riui and inside black and the rest red, 
wiiicli is a dominant feature of the pottery 
found at Adichanallur in the Tinnevelly 
District. Attention has been called to the 
gi’oat resemblance which South Indian 
prehistoric pottery bears to the pottery of pre- 
ilynastic Egypt.- No attempts having been 
made so far to explore the site, we deemed 
ill desirable to excavate the site methodically 
aiiid collect the antiquarian remains for 
the Ma.dras Government Museum to which 
wc are both attached. 

With the kind permission and cncourage- 
numt of Mr. Prudhomme we started in 
August 198 1, excavating at a spot which 
app(Mi.rcd likely to yield favourable results. 
Excavations are still proceeding. 

The first day’s excavation was fruitless. 
The next day, however, what appeared to be 
the rim of an urn was revealed, and it 
turned out to be a big-sized cinerary urn, 
wit/h its sides badly broken, though the 
(‘ontents helped to keep them in position. 
The arrangement of the smaller vessels, both 
inside and around, was of great interest. 
Tlieso were vessels of different shapes and 
among them were specimens of the biack- 
tif)ped ware referred to above and some fine 
sp(‘.(umens of all-black pottery. 

hhirther excavation yielded more speci- 
mens of all-black ware, a figurine of black 
pottery of high polish, apparently represent- 

* It probably this site that Mr. L. A. Cam- 
ruiade refers to as a laro-e prehistoric cemetery in 
the viciriitv of Ghetpet, Madras, in his paper m the 
Indian Aniiqxumj, LXI, 21-3. Mr. Prudhomme 
tells u.s that Mr. Cammiade inspected the site 
about twelve years ago and saw the pottery 
that had been collected then and the sarcophagus 
we came across. 

2 By Henry Balfour, f.r.s., in Man, September 
1932, No. 251- 


ing a bird, and a lialf of a fine specimen 
of a pottery bead. Two iron objects were 
also found, one a small hoe-blade of a very 
primitive type, with a slightly curved cut- 
ting edge and a narrow butt, and the other 
a stick of iron, about 6 inches long, found 
broken in two, all highly oxidised. 

Subsequent excavations have unearthed a 
sarcophagus about six feet in length, stand- 
ing on six pairs of short legs. It resembles 
the specimens found at Pallavaram and 
Perumbair. It has, however, been so badly 
damaged by the roots of a mango tree 
growing close by that all attempts to raise 
it whole have failed. It is accordingly being 
removed in sections. It was found filled 
with sand and fragments of pottery. A bit 
of a bone was found close to it which is 
identified as the head of a human tibia. 
The deposits are generally found at depths 
varying from 3 to 7 feet below the surface, 
buried in a bed of ^ river sand The site is 
being mapped out and stratigraphic al 
records are being kept. 

While the present finds exhibit characters 
common to other prehistoric sites in the 
Presidency, they present distinctive features 
wdiich mark them off from previous finds. 
While no sarcophagus was found .at the 
Tinnevelly site, urn burials alone being in 
evidence,'* both the types occur at the 
Kilpauk site as at Perumbair. The scarcity 
of iron objects among the associated finds, 
furnishes another parallel with Perumbair. 
There is, however, a marked difference in the 
nature of the pottery found. Unlike Perum- 
bair, the Kilpauk site is rich in fine pottery 
and abounds in bowls of black-tipped ware 
which are comparatively rare at Perumbair. 
The fine all-black vessels of the Kilpauk site 
distinguish it from both the Adichanallur 
and the Perumbair finds. The black pottery 
figurine, perhaps a votive offering, is a 
significant find as such figurines have not 
been met with in similar sites, excepting 
the Nilgiri cairns. 

A number of handicaps attend any 
attempt at establishing the chronology of 
the South Indian prehistoric cultures. The 
distinctive characteristics of this find, and 
its chronology in relation to the other finds 

^ A. Bea, Cat. of Prehistoric Antiquities : Adi- 
chanallur and Perumbair, 47, 
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in Sontli India eannofc be determined till the 
exeaTations are completed and the excava- 
tors have had further time to study the 
iinds in detail. Ail that can be said at 
pivsent in regard to the age of the site — and 
that tentatively, — is that the pottery found 
appears typical of the Iron Age pottery 


found at otliei’ prehistoric*, sil-es in Soul h 1 nd ia 
such as those a,t Ad icdia.nalhi INvai niba ir, 
and Eaigir in Ilydcvabad, and ( ha I I 1h‘ 
character of tlu'. aissocdatiol (inds of podery 
bead and iron objects point l <> I In* iiixis 


being assignable to t.h<‘- I ron Ag<‘ in Soul 


India. 


Prophylactic Antimeningococcus Vaccine. 

By Lt.-Col. H. E. Shortt, i.ivi.s., 

Offidaiin g Director^ Central Research Institute^ Kasaul i. 


^HE recent comparatively high prevalence 
of cerebro-spinal meningitis all over 
India has necessitated the Public Health 
Authorities taking all means in their power 
to check the disease. The fact that the 
disease has appeared in mild epidemic form 
in nearly every part of India, and the 
modern facilities for rapid transport which 
now exist, have emphasised the need to re- 
gard the outbreaks seriously and to employ 
every method, general or special, to prevent 
the menace assuming greater proportions. 

Apart from general measures of public 
health two lines of attack are available, viz.^ 

(a) to treat the disease efficiently in those 
attacked ; 

{b } to prevent the disease by the use of a 
suitable prophylactic vaccine. 

The only effective method of treatment 
of the disease is by the use of Antimeningo- 
coccus serum but even this method has 
given very varying results in different 
countries. The cause for this is not certain 
but probably several factors are involved 
such as Tarj-ing virulence of strains, varying 
methods of preparing tlie serum and inade- 
quate technique in dosage and methods of 
administration, inclnding the continuous 
bacteriological control required in the 
of cases. These factors, combined 
witb the cost of the serum, ruled out its ex- 
tended use in India except in large towns 
with good hospital and laboratory facilities 
There remained the second method of 
control and the Public Health Commis- 
sioner with the Government of India 
decided on the preparation of a prophylactic 
vaccine which could be used to immunise 
those exposed to possible infection fn 

pSnt!'*'''"^ tnown to be 

Such a vaccine .had already been exten- 


sively used in Tiiikey wiMi rc.sull.s rciH^rli‘il 
to be favourable. 

In pursuance of tlii.s jiolii-y an oirn'cr of 
the Central Researc.li Insl.il.ulc wa.s (liquiird 
to collect Indian straiii.s of 
from cases of the diseuise neiairriug during 
the recent epidemic. It wa.s not fin.ssihir. 
in the time available |.() eolieet these fnnn 
all over India hut, he.side.s (lio.se (oealiy 
obtained in the Puiija,!) a.ii(i Delhi, euliiue’s 
were sent to the Ceidirail Ite.seai'eh In.st it ate 
for comparison from the IlalTkim' I n.st it nl... 
Bombay, whieli had been eoih'eled in Smitfi 
India. A compari.son of these with fh<‘ 
Northern India .stra.ims siiowed tln-ni to 
belong to the same tyfie.s of .l/cn/wy .«.v 
so that the Delhi ,s(,ra.iiis \V(‘re eon.siderfd a.^ 
probably suitable lor |,h(^ |n'<‘|>arat ion of i 
vaccine which would Ix' etlVriive all ov.t 
I ndia. Laterworkin IOMgla.nd wit h <'uil ittes 
of these strains sent from Kasa.uli ha.s .shown 
that they are also prac.lieally idenlieal 
witti the strains oee.nrring in I'aiidaiul 
Prom the Delhi stniins, therefore, a. vm-eim'. 
was prepared whie.h was siibniillcd to 
thorough tests on volunteers for loeai and 
general reactions and on exp.-rimenlai animal 
for toxicity On the sa,tisrael()ry eomplmioii 
of these tests tlu^ vaccine wa.s fu-ejiared on 
arge scale and has now biam a\ailable 

* A?!, nionlh.s. 

As the full value of .such a, vaeein.. could 

Cole Dial Ih,. 

S3®™it of India <l<.ei<led that n , , 

Kasauli In liesmu-eli In.slifui,.. 

Ilasauh, m order to popula, ri.se if.s u.se. f,. 
to the time of writing 2(> r* i 

issued. ( .( . ha ve l.cen 

Indications for Usm of Titi- , 

It should be einphasi.sml thal the V *''■ 
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In a country like India its chief use would 
appear to be in institutions sucli as schools, 
colleges, jails, hospitals, etc., where cases of 
cerebrO’ spinal meningitis occur every year. 
In such institutions its use once a year 
would, it is hoped, greatly diminish the 
incidence of cases. In districts, also, where 
the disease is especially prevalent it might 
be desirable for all tliose likely to be ex- 


posed to infection to be vaccinated and the 
same would hold good for the staffs of 
hospitals which are likely to admit cases 
for treatment. 

It should also be emphasised that the 
best time to introduce vaccination is not 
during the height of an epidemic but before 
its onset in order to prevent its occurrence 
or at least limit its extent. 


Research Notes. 


An Improved Wire Grating Spectrometer 
for the far Infra-red. 

In a recent issue of the Eevieio of Scientific 
Instruments (1931, 5, 237-243), Bowling 
Barnes describes an improved type of 
spectrometer for the far Infra-red using a 
wire grating. The radiation from a strip of 
a Welsbach mantle heated by a gas flame is 
rendered parallel by a system of three 
concave and two Newtonian mirrors and is 
made to fall on the specially constructed 
wire grating. The diffracted pencil is then 
focussed on a radiometer by another system 
of concav(^ and Newtonian mirrors. In 
order to avoid eitlier moving the radiometer 
or rotating the grating, a very ingenious 
method of selecting particular jrortions of 
the spectrum produced by the grating, 
originally due to Pfund (J.O./ShJL., 1932, 
22, 281), is described. This device is a plane 
mirror whicli reflects the diffracted pencil 
on to the system of focussing mirrors. 
Adjustment of the position of this mirror 
etiables tlie selection of different angles of 
diffraction and thus different portions of 
the spectrum. If the angle betwecm the 
position of the mirror for reflection of the 
central image on to the radiometer and any 
other position is 0/2 the angle of diffraction 
in the latter case is 6. This angle is 
measured very accurately in the instrument. 

The grating itself, wliich is of the trans- 
mission type, is made by winding uniform 
wire over two parallel screws mounted in a 
framework, soldering the windings of the 
wire to the screws and cutting them away 
from the back portion. Even orders are 
absent in such a grating and so the problem 
of eliminating overlapping spectra reduces 
itself to diminishing the intensity of the 
third order sufficiently. A method of doing 
this is also described. The instrument can 
be used for infra-red work both by reflection 
and by transmission by substances, the 


specimen being substituted for one of the 
Newtonian mirrors in the collimating system 
in the one case and .placed in between two 
of these mirrors in the other case. In this 
instrument, using a 0-41G6 mni. grating, 
lines, tlie components of which are known to 
be l*33i/ apart, can be resolved and the 
wave-lengths of sharp lines can be measured 
to ±0*12 cm."^ 

S. B. S. 


The Shape of Long Chain Molecules. 

Ti-iio present ideas of the shape of straight 
chain molecules in solution are contradictory, 
and the question is interesting from the 
point of view of recent measurements of 
viscosity and streaming double I’cfraction in 
sols with needle-shaped, splierical, rigid or 
flexible particles. The long chain molecules 
on account of the number of links and the 
more or less free rotation possible about each 
of tliem, can assume, besides tlieir stretched 
form, numerous otlier shapes which have all 
nearly the same energy. The shape to be 
expected on. the average is an interesting 
statistical problem, and Werner Kuhn has 
treated it as such in Koll. Zell., July 1931, 
68 , 2. A cliain of Z links is divided into n 
segments containing s links each, such that 
the average direction of each segment is 
independent of the preceding one. Such a 
perfectly irregular arrangement will lead to 
the shape of a complicated coil, and it is 
shown that if the individual volumes of the 
links are neglected, the resulting shape of 
the irregular coil will be that of a bean, 
whose rates of length to breadth to thickne^ 

is 6 : 2.3 ; 1, and the volume will be 

h '^Z where & is a measure of the average 
length of each segment. The value of h is 

given by 3 = s where Z is the 

^ 1 — cos ^ 

length of each link, and j8 the supplement 
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of the valency angle. When the velocity of 
ring formation considered as proportional to 
the probability of finding the two reacting 
ends of a chain near each other, is compared 
with actual observation, the necessity for 
allowing for the volume of the links is very 
much evidenced. When due corrections for 
this volume effect are adopted, the viscosity 
and other measurements support the bean 
shape of the chain molecules as against a 
stretched form. M. A, G. 


A New Type of Phase Advancer. 

In a recent paper (Proa. Ind. Acad. Sei.^ 1934, 
1 A, 98) J. J. Rudra describes a new' 
type of phase advancer which acts 
as a combination of expedor and susceptor 
phase advancers and is sihtable for use 
with large, induction motors used as asyn- 
chronous condensers. The motor of the 
phase advancer has a slip ring winding and 
a commutator winding as in the Schrage 
motor. The former is supplied with voltage 
of line frequency through the secondary of 
an induction regulator. The stator has 
field and compensating windings as in the 
Miles Walker phase advancer wdiich are 
connected through suitable brushes in series 
with the commutator winding and the sli]> 
rings of the asynchronous condenser. The 
theory of an induction motor connected to 
this and other phase advancers, and current 
loci of a 1500 h.p. motor connected to various 
phase advancers are given. 


Contributions to Our Knowledge of the 
Cranial Anatomy of South Indian 
Ranid Genera of Frogs. Part I, 

In an article [Proc. Indian Acad^ Sei., 1934, 1, 
No. 2, B) certain aspects of the cranial mor- 
phology of the South Indian Banid genera of 
frogs are described by Mr. L. S. Eama- 
swami. The author is trying to examine 
the statement of herpetologists that the 
genera Rhacophorus and. Philautus could 
be merged together and also to place the 
classification of the several species of 
Philaukis on a sounder basis by introducing 
certain cranial characteristics. Among the 
forms studied Ph. 'petersi, — a native of 
Siam — seems to be specialised in certain 
features. The possession of a well ossified 
cranium, a complete os en ceinture and 
the CO -ossification of the frontoparietals, 
exoccipitals and prootics in the auditory 
region w'here no delimitations are observable, 


seem to be specific to tlie foreign species of 
PliilauUis examined. The presence of the 
bursa oris angularis in all the forms described 
is an interesting feature. The bursa liad 
been compared with the tonsils of man by 
Prof. Puclis and investigators are not 
unanimous in accepting Fuchs’ view tliougli 
the gland is definitely shown to be adenoid 
in nature. The tongue possesses a median 
papilla in the two Soutli Indian specimens 
examined, which upsets Boulenger’s division 
of the species of Philaiitns into tw'o groups 
by lingual characters. Describing the larval 
habits of Indian Philantiis the author states 
that the froth-making habits so common 
among the foreign forms are not observed 
in the Indian PhilauUis thereby diffeiing from 
the observations of Prof. Noble. In conclu- 
sion the author jDoints out that tlie investi- 
gated species of Philantus cannot be merged 
with Rhaeophorus. 


Chromosome Studies in Allium ; The 
Meiotic Chromosomes. 

T. K. Koshy (Journ. Roy. Micros. I<oc.j 
54 , Part 2, June 1934) describes two 
coiled chromonemata in all stages of meiosis 
in Allium. This condition obs(‘rve(l in the 
last premeiotic mitosis occurs as intc^rtwined 
threads in the early leptoncvma of the 
meiotic jiliase. The pairing of tlu^ chromo- 
somes simultaneously at both (mds of the 
chromosomes is observed till a si(U^ by sid(^. 
association is established. str(q)sinema 
is observed during tlu^. diploti^iK^ stage. 
(Quadruple structures arc^. formed l>y tlie 
close association of the homologous dual 
chromosomes, the cleavage bdng com[)letely 
suppressed in the first meiotic division. 
Cleavage of the crornonema ocanirs in tlu‘. 
late proifiiase of the second division, the 
univalent chromosomes moving apart to 
the poles of the heterotyiiic spindle having 
in them a two-coiled cliromonemata. Meiotic 
chromosomes are similar to somatic*. c*.hronio- 
somes in their structure and bcdiaviour. 
Synapsis at heterotypic prophasc^. and 
suppression of cleavage at the first division 
effect the genetic requiremcmt of thc^. reduc- 
tion of chromosomes. 


The Geology of the Sakarsanahalli Area. 

An important paper on the origin and 
correlation of the metamorphic rocks of the 
Sakarsanahalli area, Kolar District, by Messrs 
M. B. Ramachandra Eao (of the Mysore 
Geological Department) and K. Sripada Eao 
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((>r t!it‘ Mysore University) has been recently 1 
puhlisluMl ( Ilnlhh'in. No. 11 of th<‘ Mysore I 
(;i‘olo,ui(‘:il I)(‘|)jirt.nUMit, HKM) in which the 
aulitors hav(‘ ^iven a detailed account of 
(he rocks of (h(‘ a,r(ni, wiUi special reference 
(o (h<*ir ori‘.»in a.nd (*()rr(‘la,t.ion. Th(‘ rocks 
of (lie aiaai arra,ni’'(Hl in l,h(‘ order of i.heir 
rt‘lative a^’(\s a.ia* 
riit' Schists. 

I . nornl)l(‘nd(* schist. 

{a) Taiuritcn 
(7;) Lini(\ston(‘. 

II, Ainphib()Iit.(‘s. 

[(() Il()rnbl(‘ndit(\s. 

[h) 'rnan()lit.(‘-A(*tinolit(‘ schists. 

(c) ('uniniin^i.onit s(*bists. 

Iht (inriss('s. 

((t) ('ha.inj^ion ^'luuss. 

{b) Ihniinsular ^'lunss. 

(f') (^luartz rcah's Uiiid (Quartzite. 
l>(^h'ritr. 

''Phe anal is larcy^ly coni{)osed of gneisses 
with nunun-oiis <ain^'ht.-up pat(‘hes and thin 
hailicajlar }>ands of liornbhunli^ schist and 
aiuphib(di((‘S. Thi‘ fornuu’ in many places 
ai’<‘ intnidial by (luarlz and aplitu*. vidns 
!’(‘snl(inu’ in a. s(‘ri(‘s of nu‘ta.morphi(‘. rocks 
(-ailed “Tarnrites". By fa,r t.he most pre- 
vahmt and eonspiiaious ehu,ni‘'e [iroduced 
is tlu‘ eonvm’sion of th(‘ a,niphiboles into 
pyro\tmi‘S with t hi‘ <l(‘vi‘lopmimt. of contact 
in(‘t amorphic ininm’aks lik(‘ (*.alcite, <»-arnet, 
rhodonitia seaiiolitcs (‘pi<Iot(‘, zoisite and 
apatit(‘. Int(ms(‘ calcilii'ation and alteration 
of tln‘.s(‘ Taruritvs ha.s yitddial man^-aniferous 
UinestoiH^s in pla(*(‘s. 

r\\c amphibolites ari‘ of th<‘ nature of 
lun'nbleudit(‘S or tnmiolite-aetinolite schists 
or (‘ummin^'t onit.<‘ schists. '^Ph(‘ contacd 
metamor[)hism of t.h(‘ tr(‘ni()lite-actinolite 
schists in phicns Inis ^’iven rise to rocks 
containing sillima.nit and cor(li(‘rit(‘. The 
cumminK'ttniiU' schist.s tJirou^'h metasomatic 
alterations appeir t<o huive yi(‘lded Ru'rug’inous 
(pnu1/.it<‘S in phu'xss. 

Tin' nnmm’ous patches and shr(‘ds' of horn- 
blendt* schist . a.mphiboIit(‘, and tararite must 
hav(‘ at on(‘ tanu^ formed a more or less 
(-ontinuons seri(‘s })uti ari' now much torn 
up, isohitial, and severely disturbed by the 
latcu‘ intrusivt‘ < 4 ’n(dssic granites. There is, 
Iiowevma no doubt their original 


igneous origin. With regard to the tarurite, 
limestone, and sillimanite-cordierite rocks 
of tins area, an original sedimentary origin 
was suggested some time back and an attempt 
made to correlate them wdth the Gondite or 
Kodurite series of Dr. Fermor ; but the 
present studies do not support such an 
idea. On the other hand, there are ample 
evidences to show that they are only altera- 
tions of the hornblendic rocks by contact 
metamorphism brought about by acidic 
intrusions and subsequent metasomatic or 
m(d,eoric changes. 

The paper is fully illustrated wdth maps, 
sections, and photographs. 


The Morphology and the Systematic Position 
of a New Trematode from the Intestine of 
the Golden Orfe, Lends cits idus, with 
a Note on the Classification of the 
Family, Allocrendiidce. 

Tn the Journal of Helminthology (XII, 
pp. 127-i:i6), Dr. G. S. Thapar and Mr, 
J. Dayal have described a new^ Trematode 
from the golden orfe. The genus is named 
Cotylogonoporum and is characterised by 
the presence of the genital sucker, the 
intertesticular position of the lobed ovary, 
the disposition of the uterine coils and the 
Xieculiarities of the ootype complex. The 
genus under review^ resembles the genus 
HpJuvrostommm^ a form wdiich was placed 
by Poche(1925) under tlie family Allocreadiidce 
and is therefore placed near it. The 
authors in the present communication 
have rightly separated the latter from 
this family and have further justified the 
creation of a new^ family Bphmrostomidm 
for the reception of the tw^o genera 
Hpluvrostoninnh and Cotylogonoporum. A 
general discussion on the family AUoerea^ 
diid(r- follows the account of the genus 
Gotylogonoporum. The authors have clearly 
shown that the . presence of the genital 
sucker in the present case indicates the 
affinities of the present genus with the 
members of the family Heterophyidee and 
further researches may show it to be a 
transitional form between the two older 
families of Allocreadiidce and Heterophyidee. 
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Recent Developments in Anthropology, Ethnology and Ethnography in India. 

By Dr. P. Mitra, 

Department of Anthrojwlogy, Calcutta University. 


INDIAN Anthropologists are in deep debt of | 
gratitude to the grand old man of the science I 
in India, Prof. L. K. A. Aiyar, for keeping on 
record the ‘Recent Developments in Anthropology, 
Ethnology and Ethnography in India’ and its 
publication in Current Science, January 1934. 
When it received the kind notice of the official 
Anthropologist of the Government of India, it was 
expected that all lacuna3 would be filled up in his 
communication (published in Current Science, May 
1934) but as the expectation has not been realised, 
it was considered desirable to record tlie following 
for the sake of completeness of the survey. 

Physical Anthro'pology . — Dr. A. C. G. da Silva 
Correia, author of at least twenty-seven papers 
since 1900 on the demography, morphology, 
anthropometry, ethnography and acclimatisation 
of the Indo-Portuguese Lusos, has been responsible 
for a considerable amount of brilliant work in 
recent years, and thanks to his colleagues, the 
school of Medicine in New Goa has been fast 
coming into prominence as the centre of researches 
in Physical Anthropology. Dr. Fracncisco Correa 
in his “ Recueil de quelques fa its anatomiques 
et teratologiqnes concernant les habitants de T Inde 
Portugaise,” records the mii.^cular, vascular and 
nervous anomalies of several Goanesep Dr. Pegado 
in his *■' Anthropological Researches of not bony 
parts, on the living of 175 natives of Portuguese 
India” (1981)- offers valuable information on 
certain muscles and forearm veins ; and Dr, 
O. Mascarenlias inbis “ Contribuigao para o estudo 
antropologico de Goa discusses tlio measure- 
ments of twenty Goanese crania. It is refre.sliing 
to find that the medical school at New Goa has 
not confined its physical anthropological studies to 
the discussions of whether or not we wore originally 
negroid or australoid or mongoloid. 

It is surprising to find that the important work 
on blood-groups in India has not been mentioned 
in the jirevious surveys of both Prof. L.K.A.Aiyar 
and Dr. B. 8. Guha. Pandit’s'^ researches Iiave 
considerably added to our knowledge on ‘ Blood- 
groups distribution amongst the Todas ’. Chau- 
dhiiri has been carrying on valuable researches on 
blood-groups amongst Bengali Kayastbas parts of 
his results being published as ‘ Blood -groups and 
Heredity ’.s The publication entitled “ The distri- 
bution of blood -groups in certain races and castes 
of India ” by Malone and Lahiri,® deals with tlie 
data for Pathans, Baluches, Rajimts, Jats, Khatris 
and Dravidians. Krishnan and Vareed have 
studied tlie “Basal Metabolism of young College 
Students, men and w'omen of Madras ” with 
Benedict Roth system with rubber flutter valves 


1-3 jirq. Esc. Med. Cir. Nova Goa, vSer. A., 
No. 7, pp. 1293—1365. 

^ Ind. J . Med. Res., 21, No. 3,' January. 

5 Ind. Med. Gaz., April, 1931, 66, No. 4, pp. 193 
— 195. 

^ Malone and Lahiri, Ind. J. Med. Res., 16, 
pp. 963-968. 


and Collin’s Kymograph attachment." MukherjoeS 
bas published a preliminary note on the Basal 
Metabolism of Bengalees using Douglas bag and 
Haldane gas analysis apparatus. 

Ethnology.— The well-known ethnological re- 
searches ofDatta specially his “Eine IJntorsuchung 
der Ra.ssenelemente in Belutschistan, Afghanistan 
und den Nachbarlandern des llindu-Kusch” and 
the “ Das Indischc Kastensystem closei've 
special mention as also the works of the workers 
of the sociological school in Bombay under the 
direction of Ghurye. Special mention may 
be made of the well-known work on Hindu 
Exogamy bv Karandiker. In the Assam valley 
J. K. Bose ‘and others have carried out impor- 
tant researches on the Aimols, Kabui Nagas and 
Marings and on Dual Organisation and Sorabjit 
Singh on Meithei Ethnography a,nd juridical 
ethnology. The name of P. C. . Biswas who 
recently proceeded to Berlin a,s Humboldt 
Fellow, may also be mentioned in this connection, 
lie has contributed to tlie International Antliro- 
pological Congress, papers dealing with “ the 
Primitive concepts of disease in India” and on 
Santal Ethnography. J. K. (h'ln has cai'iled out 
valuable comparative cultural studios in India and 
Africa^^^ and is. now engaged on craniometric and 
anthropometric studies under (diatti'rji, who, it 
may be mentioned, has recently discovered iiniKir- 
tant cfirrolations between the vital capacity, 
height and weight amongst the data, for thousands 
of Bengalees. 

Amongst those that have largely coutributed to 
the growth of Indian Anthropology, nuMition must 
be made of Crook(\ His book (mtithnl “Tribes 
and Caste.s of North-Western Provinces and Oudh” 
was publislicd in 1896, in four volumes, d'liurst on’s 
“Tribes and Castes of Southern India” (1909). 
Russell and llira Lall’s “ Tiibes and C'astes of 
Central Provinces” (1916), Enthov(m’s dh‘il)(‘s 
and Castes of Bombay” (1920-22), Wad del’s 
“ Tribes of the Brahmaputra. Valley,” ^ * Giirdon’s 
“ Kfiasi.s ” (1914), Playfair’s “(Caros” (1901)), 
Hod-son’s “ Naga Tribes of Manipur” (1911), 
Shakespeare’s “ Ijushei-Kuki Clans” (1912), Ili vers’ 
“ Todas” (1906), Shaw’s “Thaclou Kukis ” and 
Parry’s “Lakhers ” Jiave always been considf‘red 
as classical works in the subject. The monu- 
mental work of the great European pa,let hnologist 
Prof. V. Giirffrida-Ruggeii who did ])ion('(‘r work 
in “the Sy^stematic Anthropology of Asia.” was 
largely responsible, for e.stablishing the conclusions 
of Rai Bahadur R. P. Chanda’s theory of Alpine 


7 Ind. J. Med. Res., 1932, 19, pp. 831-858. 
s Calcidta Med. J., 20, 425; also Muklierji and 
Gupta, Ind. J. Med. Res., 1931, 18. 

0 1927, Band 22, pp. 142 — 159. 

Man in India, 13, No. 1, pp. 17—54. 

J. Asiatic Soc. Bengal, 1901, 69, Pt. 3. 

^2 Jour, and Proc. Asia. Soc. Bengal, N. S. 1928 
24, No. 1, pp. 1—175. 
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element in Indian population — a conclusion which 
we learn is going to be produced anew by the 
irksome labour in antliropometry in the last 
census. Sir William Turner and Sir W. H. Flower 
did pioneer work in Indian Craniometry and 
Osteology. For the sake of completeness mention 
may be made of the following Sullivan, for his 
work on “ Andamanese Skulls Duckworth 


Anthropological Papers of Anier. Museum of 
Nai. History, 1921 , 23, Part IV, pp. 201. 


“ Note on the Skull of an Andaman Islander 
Zuckermann and Elliot sSrnith, “ Researches on the 
Aditannallur Skulls Charles, “ On Punjab 

Craniology and Tildesley, “Burmese Cranio- 
logy 


Ball, of the Madras Govt. Museum, 1930. 
J. Anat. and Phys., 1907,27. 

’G Biomelrlka, 1921,13, pp. 176—262. 


The Agricultural Basis 

''PIIE religious beliefs and practices in India have 
received greater attention than any other 
branch of Indian Culture. The studies attempted 
so far have preceded either on a comparative or 
a philosophical basis. But in the study of the 
primitive and other forms of religion in India, 
it would appear that fiuitful results may be 
obtained by approaching it from a different angle : 
namely, by a study of the influences of environ- 
ment. It seems to me that an examination of 
the i)rod,isposing influences is bound to throw 
light on the religious practices and beliefs and 
enable us to interpret properly the anthropological 
data with accuracy. 

I have taken for the theme of my paper “The 
Agricultural Basis of Religion'’. Best the title 
mislead tlie reader, I siiould explain that the 
circumstances under wdiich agriculture is being 
carried on in India have excul-ed an influence on 
the religious practices of the agricultural caste.^^. 
Tfie fact tha.t they arc widespread and are followed 
by a large proportion of tlie people will be evident 
from tlie fact that India is essentially an agri- 
cultural country and this occupation affoi'ds 
employment to more than three'quarters of the 
population. As satisfaction of material wants is 
the chitd' aim of man, primitive or civilised, the 
influences wdiich contribute to tlie success in his 
efforts also la^act on his mental outlook. Agri- 
cultural operations, whetlier in Northern or 
Southern India, ava largely determined by the 
monsoon. The outbreak of the monsoon at the 
proper time ensures a succes.sful agricultural 
season, overflowing granaries and provision of 
sufficient means to the people ; whereas a failure 
of the monsoon spoils economic disaster. As the 
monsoon is the outcome of the uncertain forces 
of nature, the agricultural castes find themselves 
absolutely at tlie mercy of these influences. It is, 
therefore, not unnatural that this should produce 
a spirit of fatalism. Again the fact that land is 
the chief thing that determines the material 
w^elfare of the people is the main reason wdiy so 
much of ritual, ma.gic and religion is associated 
with ‘‘Mother Earth”. The extent to which these 
two have influenced the religious beliefs, practices 
and attitude of a lai-ge propotion of the agricul- 
tural castes in India will be clear from a con- 
sideration of the agricultural calendar and cere- 
monies connected with this occupation. 

The agricultural year in South India, especially 
in Malabar, Cochin and Travancore, begins with 
Vishu or Chaitra Sankranti, which is the a.stro- 
nomical New Year’s Day on which the hot 


of Religion in India.'*' 

weatlier is supposed to terminate. The sight 
of the food -stuffs and silver or gold arranged 
in a bell-metal tray on tlie morning of the 
auspicious day is calculated to bring on pros- 
perity during the ensuing year. It is also a 
day for ancestor w^orship and worship of the 
deities in the village temples for the. blessings of 
prosperity. The village astrologer by his calcula- 
tions announces the agricultural prospects of the 
year and forecasts the amount of rainfall at 
regular intervals, the names of the crops that are 
likely to thrive well, and the famines or 
epidemics that are likely to break out. Eacli 
member of tlie village consults the astrologer who 
by the examination of his horoscope predicts his 
good luck or otlierwise during the ensuing year. 
The same prosperity or ill-luck is determined by 
the omens arising from the breaking of cocoanuts, 
and the direction, of its I’olling on the floor on the 
morning of the first day of the agricultural year. 

Tlie village astrologer next chooses a special 
clay for ploughing and sowing. The seeds are 
taken in leafy cups, and placed in a basket, and 
are consecrated. The plough and other agricul- 
tural instruments and tlic oxen are worsliipped. 
Tliey are next taken out in j^rocession to tlie 
field. The headman leads by starting to plough 
and the others follow. Sowing is rc^garded as a 
general crisis, a “Rite de passage”, and the chief 
assumes the risk of performing an act full of 
mystical danger and of uncertain outcome. It is 
thus a solemn act and is done with prayers to 
ancestors who are invoked for the prosperity of 
the crop. Wlicn the crops are grown up, the 
Siddi- Dovaru is worshipped with offerings to avert 
insect pests. The fields and crops are placed 
under the protection of the village deity, after the 
offerings to the deities and after Hasta Pongalu 
during the Hasta rains. 

When the ci-ops are fully ripe, there is a special 
ceremony for bringing them to the family. Tim 
house is wliite-waslied and decorated with draw- 
ings of rice flour mixed in water. The ground in 
front of the house is purified with cow -dung 
mixed with water, and decorated with seven 
kinds of leaves. The God Ganesa is propitiated 
and adored. The ears of corn are stuck to the 
wall with cow-dung. This is followed by a formal 
cooking of rice obtained from the newly cropped 


^Summary of a paper by Rao Bahadur L. K. 
Ananthakrishna Iyer, read before the First Inter- 
national Congress of Anthropological and Ethnolo- 
gical Sciences, London, 1934. 
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paddy, which is a survival oL’ the Vedic ceremony 
of Agrayana. 

The ceremony next in importance is the 
worship of the agricultural implements on the 
Viiayadasami day, during the Dasara of Soutli 
India. This corresponds to the Viswakarnia day 
in Bengal. There are also special forms of 
worship before harvest. At the time of reaping 
the sickle Bod is worshipped. A handful of the 
crop is then cut and placed in the central part of 
the field, and near it five stones are placed. The 
sickles of all the reapers are collected and deposit- 
ed in a row in front of these stones. They are 
all worshipped with the breaking of cocoanutsand 
the burning of incense. The ears of the corn are 
safely preserved at home and the grain obtained 
from tliem is mixed with the seed grain during the 
ensuing year. Before the grain is removed in 
carts or head-loads from the fields to the tliresh- 
ing floor, a cocoanut is broken and incense burned. 
When the threshing is done and the grain heaped 
together a similar offering is made to the pillari. 
It is also the universal custom that, before 
measuring, a small portion of grain is set apart 


for distribution to the poor villagers who may 
chance to go there. 

Thei^e is also a similar ceremony at the end of 
Magh or Makaram, when the crops have been 
hatwested, the agricultural operations have come 
to an end, and Mother Earth is supposed to take 
some rest or remain in a state of incubation. At 
the beginning of this period, the agricultural 
castes of Malabar observe a festival in honour of 
Mother Earth which is like the Roman Eebruria 
supposed to take place at the same time. It is 
believed that on the last day of the festival all 
agricultural leases connected* with the land are 
supposed to expire. In some of the villages of the 
Walliivanad Taluk of Malabar, special festivals 
are celebrated with straw models taken out in 
procession to the Bhagawati Temx^les. 

After the harvest the farmers and others in tlie 
villages find their granaries full. It is diudng this 
part of the year that all the village festivals are 
celebrated in honour of the Gods as thanks offer- 
ings with prayers for similar liarvests in the 
following year. 


Research in Irrigation. 


^HE Fourth Annual Meeting of the Research 
Oorumittee of the Central Board of Irrigation 
was held in Simla on the 19th and 20th July, 
1934. Officers from the following Provinces were 
present Bombay, Sind, XTnited Provinces, 
Punjab, Bengal, Madras and North-West Frontier. 
The Meeting of these Officers is of considerable 
value as it leads to the co-ordination of research 
work, the exchange of views with a consequent 
development of new lines of research, and affords 
an opportunity for the discussion of the pai'ticular 
I^roblems with whicli each Officer has to deal. 

The Agenda for the Meeting included : (i) a dis- 
cussion of the research work carried out during 
the year in each Province, (ii) reports on the 
progress made on a number of investigations, and 
(iii) the consideration of investigations started 
during the previous year. As irrigation is of such 
great importance to the whole of India, a brief 
summary of the Proceedings may be of interest. 

The reports on the work done showed the 
importance now attached to model experiments. 
In Bombay, models were used to determine 
methods for the exclusion of silt from canals and to 
determine the coefficient of discharge of the Sukkur 
Barrage Gates. The models studied in Sind had 
reference to the number and position of the vanes 
to give a suitable distribution of velocities over 
the normal section of the channel below flumed 
falls and regulators, to the coefficient of discharge 
of radial gates and to the determination of the 
modifications necessary to eliminate heavy action 
downstream of a syphon. The report of the 
Irrigation Research Institute, Lahore, showed 
that two types of experiments on models were 
being carried out. The first type dealt with the 
protection of the downstream glacis of weirs. A 
system of protection depending upon the throw- 
ing of the high velocity water to the surface has 
been evolved. This form of protection reduces 
scour to a minimum, and hence will reduce 
considerably the cost of maintenance of head- 


works. The second type of work on models deals 
with the flow of water under works and the 
pressures involved. Some reference has already 
been made to this subject in this Journal (Vol. 
II, April 1031;, No. 10). The recent developments 
are connected with the determination of the 
effect of an upstream sheet pile on the pressures 
on the work. The Central Board of Irrigation 
has now agreed that no major work should be 
constructed without first being studied in model 
form. 

An important discussion took place on the 
seepage losses from canals, distributaries and 
water-courses. Observations made in the United 
Provinces showed that the major losses occuiTed 
in the water-courses and distributaries. The 
complementary subject of linings was also discuss- 
ed. The conclusion reached was that lining was 
not a feasible method of dealing witli tiie losses on 
large channels which bad already been constructed, 
but that the lining of distributaries and minors 
was a practical proposition. As the greatest losses 
occur on these latter types of cliannels it was 
agreed that any scheme for lining would be best 
commenced from the minors. 

Considerable attention has been devoted by the 
Research Officer, 8ind, to the study of waterlog- 
ging and drainage. The Researcli Division has a 
most elaborate system for studying the variation 
of the level of the sub-soil water-table. The 
results reveal a rise of water-table in certain areas 
and indicate that measures will have to be taken 
at no distant date to control the rise. Before any 
irrigation scheme is contemplated in future, the 
example of Sind in this respect should be followed. 

In the Punjab the effect oC rainfall and irrigation 
on the water-table has been studied in the areas 
commanded by the Upper Ohenab Canal and 
Upper Jhelum Canal. It has been shown that 
there is a high correlation between the movement 
of the water-table in these areas and the amount 
of monsoon rainfall. As a result the Government 
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I ed to develop the drn.inage in the 
\.reas of the Punjab during a period of 

l^imjab the progress on the study of 
oils is reported. Tiiese investigations 
i conducted in connection with three 
l3lems: — (I) The prevention of land 
Lon under irrigation. (2) The study of 
Ttration. (3) The quality of irrigation 

‘ known as “ Degree of Alkalisation” of 
B been a, subject of study during the year, 
n. shown that crop yield in the plains of 
.lo decreases as the “ Degree of Alkalisa- 
oases. It has further been shown that 
E 2 ‘ly small proportion of calcium in 
x,n prevent alkalisation of the soil asso- 
li the presence of the sodium salt. The 
rx conditions for a system “ sodium salt 
salt — calcium sodium clay” have been 
a.d the results are now being applied 
.tally in the field. These results %ilso 
xiportant application in determining the 
i r-rigation water that can be safely used 
3il deterioration taking place. It has 
n that water containing above 60 parts 
O of sodium salts in solution results in 
i^nge and hence the soil deterioration. 
Lce of a small amount of calcium salt in 
7-ater can prevent this reaction. The 
Irrigation water is a subject of special 
3 in the Punjab at the present time as 
liave been made for a development of 
toy means of tube-wells following on the 
ion of the Province. 


Considerable discussion took place on the silt 
and flow theories which have been put forward by 
Mr. I^acey. While some of his formnlm were 
accepted others that had been tested both in the 
Punjab and in Sind showed that they did not, in 
their present form, apply to the channels in these 
Provinces. It was agreed that the formula} w'ero 
useful in connection with the remodelling of 
channels. Extensive studies have been made in 
the Punjab and in Sind to determine the relation 
tliat exists between the bed silt in the channel and 
hydraulic data of tlie channel. Two types of 
siltometers have been developed at the Irrigation 
Itesearcli Institute at Lahore and they are proving 
of great value in studying the characteristics of 
silt. Tlic work done at Lahore has sliown that 
the Distribution Curves for the bed silt in a silted, 
a scouring, and a stable channel have typical 
forms. A number which can describe a silt and 
which is a function of the weighted mean dia- 
meter of the silb particles is now being studied in 
connection with tlie liydraxilic data of channels 
with tlie object of dc-^termining whether any rela- 
tion between the silt and the hydraulic data exists. 
Results of these investigations will probably liave 
an important influence on the design of cliannols 
and on cost of maintenance of channels already in 
existence. 

At the conclusion of the discussion of the 
Agenda the Research Olflcer of Madras drew 
attention to the growth of weeds in channels in liis 
Province, a subject which also appeared to be of 
considerable imi)ortance in Bengal. A solution of 
the xu’oblom would be of considerable economic 
value and the subject deserves intensive study. 


The Chemistry of Milk. 


1 e important discussions organised by 
Jliernistry (B) and Agriculture (M) 
the British Association for the Advance- 
:ience at their last session was on “ The 
of Milk”. 

xer contributed a x'laper on the Compo- 
Zilk and the Present liegidatlons. The 
.s of the constituents of milk are known 
clely from sample to sample even in the 
Iced milk. In the case of fat and solids 
•eentages, it is known that many cases 
>■ liere the values fell below the prescribed 
ve limits under the regulations. Several 
ure known where genuine milk has been 
•watered. Various workers have found 
25ezing point of milk is the least variable 
Leal cliaracters, the coefficient of vari- 
^ api)roximately 1-5 as against- 4*5 for 
index and 5*0 for sj^ecific gravity. On 
i ts low variability the freezing point of 
oen frequently used as a criterion for 

>xirse of his paper on the Chemical Coni- 
^ bnormal Milk, Dr. Dabies said: “Abnor- 
Imiffer value in the acid range, in the 
acidic and basic constituents, in the 
m of ionic acid and non-iotiic metallic 
3 .), in the amounts of the various forms 
nesent and in the amount of heat-coagul- 
in, is reflected by abnormality in ren- 
‘ curd tension ’ and in heat stability at 
res above 100°C. 


Dr. J-.index‘strom-Laog contributed an interest- 
ing paper on Sone Chemical and Physical Pro- 
perties of Casein. “ Casein (caseinogen), the phos- 
phor protein in milk, is a mixture of two or more 
substances. By treatment w'ith acid alcohol it 
may be divided into several fractions that duffer 
in chemical composition, especially in their con- 
tent of phosphorus. Mixing the fractions in their 
original proportions gives the original casein 
with its characteristic physical and chemical 
properties. 

Investigations of the solubility of casein in acids 
and bases show its cornx)lex nature. The solubility 
is, under constant conditions, a function of the 
amount of casein jpresent as precipitate, and the 
dissolved substances differ in chemical composi- 
tions from the precipitate. 

The fact tliat casein is a mixture makes investi- 
gations of its cliemical structure difficult. Due 
to its high content of phosphorus and the impor- 
tance of this to nutrition problems, the mode of 
combination of this element has been the subject 
for elaborate studies. Experiments show that the 
phosphorus in casein is present as phosphoric acid 
and— at least partly— bound to serine by an ester 
linkage. As the phosphorus content of the differ - 
ent fractions of casein is different, this problem is 
of importance to the explanation of the above- 
named physical properties. 

Other papers that came up for discussion were 
The Composition of Milk Fat hyFr of. T. P. Plilditch 
and The Vitamins of Milk by Dr. S. K. Kon. 
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Science Notes. 


The Central College Ma.themaiical Society,— 
This Society wliiose primary object is “to stimu- 
late and encourage the study of, and research in, 
the field of contemporary mathematics”, was 
recently inaugurated at Bangalore. Tlie pro- 
gramme of the Society includes monthly meet- 
ings for tlie reading of original papers and weekly 
discussions on selected topics, the discussion being- 
initiated by a member who has made an intensive 
study of the subject. It is also proposed to hold 
special discussions from time to time on problems 
of mathematical interest. The organisers wel- 
come co-operation from all those interested in 
mathematics. 

Tlie inaugural address of the Central College 
Mathematical Society was delivered by^ Prof. 
K. S. K. Iyengar on the 3rd September 1034, Prof. 
B. Yenkatesachar presiding. “ Mathematical 
Philosophy” formed the subject of the address. ^ 

In the course of the address Prof. K. S. K. 
Iyengar pointed out that all arguments based 
on our experience show that they depend upon 
two important elements for their validity, sense 
data and certain general principles forming a 
group of intuitive truths, that is, they belong to 
the a priori aspect of our knowledge and cannot be 
proved or disproved although we come to realise 
their truth by experience. The elements of the 
a priori knowledge are called universals which in 
ordinary language mean qualities and relations. 
Whether universals and a knowledge of their 
relations being not empirical, are purely mental is 
a very important question. To assert that they 
are purely mental would lead one to great 
difficultie.s" (Kantean doctrine) in the theory of 
knowledge. This difficulty is solved in Indian 
Philosophy by the assumption of an unchanging 
UniversarMind [Mahat) of which our minds are 
in some way parts. 

The Professor then passed on to a detailed 
examination of the elements and methods of 
procedure in mathematics, stressing on the 
importance on the serial order. The fruitfulness 
of a critical examination of postulate systems 
with special reference to geometry, was pointed 
out. 

“ I may say that the essence of mathematical 
procedure is the postulation method and hence 
rigour is of the utmost importance in mathematics. 
Whenever anyone asks us whether mathematics 
deals with truth, we can only reply to him that 
we are all concerned here in drawing implications 
of a set of assumptions and there our business 
ends. No doubt we construct, out of our 
Universals, all possible worlds, but we do not 
know whether such worlds exist in the ordinary 
sense of the word in which I may say that we 
exist. True research of a high order in mathe- 
matics is in building up of such synthetic 
structures of relational Universals. Some of 
these structures may be of use some time later, in 
building up the theories of experimental sciences 
as, for example, the theory of groups and 
matrices has proved to be, in modern quantum 
mechanics.” He concluded with a very appro- 
priate quotation from Lord Russell that pure 
mathematics ( or logic which is the same thing) 
aims at being true in the true Leibnitzian 
phraseology in all possible worlds and hot merely 


in this higgedly-piggedly job lot of a world in 
which Chance has imiDrisoned us. 

Sfc sis * 

Twenty-ninth Half-Yearly Meeting of the Indian 
Central Cotton Committee.-— Tho: meeting was held 
on the 2Sth and 29th August with Diwan Bahadur 
Sir T. Vijayaragliavacharya, Vice-Oiiaiiman of 
the Imperial Council of Agricultural Rosea, rcli, in 
the Chair. Among the important subjects that 
came up for discussion, were (1) the immediate 
need for legislative measures to rid the cotton 
industry of tlie prevaiiing'nialpracticos of watering 
and mixing of cotton which were widely condemn - 
ed by leading cotton merchants and firms in 
Bombay ; (2) the cultivation of improved varieties 
of cotton in the Barrage areas of Sind ; (3) the 
campaign for extension, seed distiibution and 
marketing of pure Sind-American Cotton ; (4) 
and the future policy to be adopted in the case 
of the Institute of Plant Industry. 

♦ >j: * 

Asiatic Society of Bengal.— An ordinary meeting 
was held on Monday, 3rd September. vSeveral 
valuable exhibits were shown and commented 
upon. Among them may be mentioned 
n) Exhibition of four specimens of Deccan trap 
Basalts and Dolerites from tlie Chliindwara 
District, Central Provinces, by Dr. 1j. Ij. Eermor, 
(2) The Bahjoi Meteoric Iron, by Dr. M. S. 
Krisbnan, (3) The Khanpore Meteorite by Dr. 
M. S. Krishnan, (4) Photographs of sun-sliades 
for fishes, by Dr. S. L. Ilora, (5) Three small 
Bronzes from West Africa, by Dr. S. K. Chatterjee, 
and (6) Three China Plates represencing the 
three famous Buddhist Pilgrims, by Mr. J ohan van 
Manen. 

A course of four lectures by eminent scientists of 
the country were arranged under the auspices of 
the Society, at Calcutta during .August and 
vSepteinber. They were designed to convoy in- 
structive and interesting information in attractive 
form to a general cultured audience not neces- 
sarily coniposed of specialists. 

(1) Trade in Live Pish {Jiol Machh) in 
Calcutta, by Dr. S. L. Hora (31-8-1934) :-A great 
volume of trade in live fish has been built up 
in Calcutta which annually receives over 50,000 
maunds of this article of food from the outlying 
deltaic stations. Pish is generally xiopiilar among 
the major sections of population in Bengal and if 
live fish can be obtained, there must naturally be 
a great demand for them on account of their 
greater flavour and nutritive qualities. 

The consignment produced in the market re- 
presents a group of animals belonging to different 
families and their transportation to Calcutta from 
various mofussil centres is rendered i30ssiblc by 
their capacity to breathe atmosplieric air as well 
as water. They can be easily carried in large 
numbers in suitable cases in a live state. Dr. 
Hora dwelt at length on old methods of distribut- 
ing the fish and described the present-day means. 
He drew attention to the several ways in wliich 
the imported fish and the local produce are distri- 
buted and in passing, touched on the culinary 
processes of preparing these articles for the table. 
Reference was made to the trade statistics 
together with remarks on the social and economic 
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conditions of the people engaged in this traffic. 
The periodic fluctuations in the trade which must 
necessarily affect both the consumer and the 
Xiroducer are accounted for by investigations into 
the general and seasonal habits of the fish. 

Dr. Hora has offered practical suggestions for 
improving the quality of the fish offered for sale, 
which must be beneficial both to the consumer 
and the tradesman. Generally the live fish pro- 
duced for sale in tiie Calcutta markets, go involun- 
tarily on liunger strike tending to great slimming 
thereby impoverishing their nutritional value. 
One of the suggestions made by Dr. Hora for the 
preservation of fish in their proper condition till 
the time of disposal, is to investigate the natural 
food of the fishes and prepare nearly tlie same 
food or a good substitute on which they could be 
fed during the period of captivity. 

(2) The North Bihar Earthquake of the 15th 
.Tanuary 1934, by Mr. J. B. Auden (7-9-1934) 

The lecture summarises the results of an investi- 
gation in the field of Mr. Wadia, Dr. Dunn, Mr. 
Ghosh, and the lecturer. The description of the 
severe damage caused by the earthquake regards 
two main zones: firstly, the central zone re- 
presented by the epicentral tract and the slump 
belt ; secondly, tlie bordering Patna-Monghyr belt 
and the Valley of Nepal. A brief discussion of the 
more general effects of the earthquake, such as 
emission of sand and water, landslides, etc., is 
followed by an account of the possible causes, 
comparison being made with other recent Indian 
earthquakes. Finally, tlie lecture ends by discus- 1 
sing tlie time of the oartliquake as deduced by 
seisrnographic records, and the question of future 
immunity in Bihar. 

(3) The Fundamental Constituents of Matter 
by Dr. Moglinad Snha (15-9-1 934) : —The lecture 
will describe discoveries of the Electrons and the 
recent discoveries of the Positrons and the 
Neutrons. It wdll also deal with the probable 
existence of other probable fundamental particles 
as Dirac’s Free Magnetic Poles and the probable 
effect of their existence on our views regarding the 
elocti‘ 0 -m<'ignetic origin of uiass. The lecture will 
also deal with the nature of cosmic rays, the 
I)robable (existence of a world of anti-atoms, and 
also certain other cosmological problems of 
fundauumtal importance. 

(1) The Shan Hinterland: the countrv and its 
people, by Hr. M. U. Salmi (2 1 -9-1934) The 
speak(u* will give a, talk on tlie pi'olific and amaz- 
ing variety of tribes inhabiting the Shan States of 
Burma, arid deal briefly with their geographical 
distribution, their more interesting customs and 
traditions. 

>Je ♦ 3|« 

Mr. I). Na.i'ayauamurti, M.sc., A.i.e., A.i.i.sc., 
A.Tust.p., of the Forest Research Institute, 
Delira Dun, lias beim awarded a scholarship by 
the Deutsche Akademie. Mr. Narayanamurti will 
bo sailing for (huanany from Bombay on the 8tb 
October. During his stay he proposes to devote 
most of his time to research on the seasoning of 
timber and to the study of X-ray technique as 
applied to the study of the properties of fibrous 
materials. 

# 

Mr. V. Ramanjalu Naidu, Temporary Demon- 
strator in Physiology of the Medical College, 
Mysore, and a Medical Graduate of the Mysore 
University, has been awarded the Fellowship in 


Pathology by the Mayo Foundation, Rochester, 
U. S. A. He sailed for ximerica via England on 
the ISth August 1934. 

He * Sl« 

We understand that Mr. G. B. Patel, a cotton 
breeder of Gujerat, has been granted a scholarship 
by the Central Cotton Committee for training in 
cotton breeding in U. S. A., for 2 years. 

* He sK 

Dr. D. R. Sethi has been confirmed as Director 
of Agriculture, Bihar and Orissa, in succession to 
Mr. G. S. Henderson. 

* * He 

Dr. MacLagan Gorrie, D.Sc., I.P.S., of the 
Forest Research Institute, Dehra Dun, has been 
awarded the Leverhulme Fellowship, 1934, for 
carrying out researches on “The Correlation of 
Erosion Damage and Grazing in Forests”. 

* He H: 

The Academic Council of the Muslim University 
has conferred its first Ph.D. Degree on Mr. Omar 
Farooq for a thesis entitled “ The Directive Effect 
of Substituents on the Thiazole Cyclisation of 
S-Diarylthio carbamides by Bromine 

H: He He 

The Cauvery-Mettur Project was inaugurated 
by His Excellency Sir George Stanley on 21st 
August. The scheme consists of a diim which is 
the'largest in the world and which forms a reser- 
voir to store the flood waters of the Cauvery and 
supply water to the delta as and when necessary. 
The reservoir, besides benefitting the ryots of the 
Tanjore District by ensuring a steady supply of 
water, provides for the irrigation of a new area 
of 301,000 acres in the Tanjore District. 

* H: Ht 

Unive.rsUy of Mysore , — The Seventeenth Convo- 
cation of tile University of Mysore, for confer- 
ring degrees, will be held in the Pavilion, Jagan- 
mohan" Palace, Mysore, on Wednesday, the 31st 
October 1934, at 9 a.m. 

Admission to the Convocation Hall will be by 
tickets and intending visitors should apply pre- 
viously in writing to the Registrar, University of 
Mysore, Mysore, for the tickets, giving name and 
occupation. No ticket will be issued for school 
children. In view of the very limited accommo- 
dation av<ailahle, applications made by any one 
for more than one Visitor’s Ticket cannot be 
complied with. 

Candidates for degrees desirous of bringing a 
guest, should apply for tickets previously, giving 
name and occupation of guest. Applications will 
be complied with to the extent of accommoda- 
tion available and not more than one guest ticket 
will be given to any one candidate. Applications 
should be made before the 15th October 1934. 

* Ht Ht 

Cotton Breeding in iV/^fdra.9.— The Madras Her- 
baceum Scheme financed by the Central Cotton 
Committee, has for its objective the evolving of a 
strain posvsessing the yield, ginning and spinning 
qualities of Karunganni, Gossypiuw. indicum and 
the colour and root system of Uppam Gossypium 
herbaceum. Whereas the former yields and gins 
higher its lint is not so white as that of Uppam 
and thrives well only in years of good rainfall, 
the latter type grows even in years of moderate 
drought. The farmer generally grows the two 
cottons together as an insurance against a bad 
season but the inevitable indiscriminate mixing 
lowers the value of a fine cotton. 
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The research was started in 1923 and during the 
first few years attention was concentrated on the 
isolation of pure lines. Hybridization work is 
now in progress and although several interesting 
results have been obtained, it is too early to give 
a definite verdict on the success or otherwise of 
the investigation. 

jK * * 

A copy of Marriage Hygiene^ a new journal 
devoted to a scientific exposition of sex problems, 
has been sent to us. Edited by a board of eminent 
medical men of Bombay the magazine contains 
contributions from Havelock Ellis, Marie wStopes, 
Julian Huxley and other eminent scientists who 
have devoted their energies to educating public 
opinion concerning sex and sex {iroblems. The 
Journal is printed by the Times of India Press, 
Bombay, and the get*up is neat and attractive. 
It is a welcome addition to Indian Scientific 

journalism and we wish it a career of usefulness, 

♦ 

Mechanical Properties of Bricks aTid Briclmorh 
Masonry. (Building Research Special Report 
No. 22. H. M. Stationery Office, Price, Is. 5d. 
Post free.) 

This special Report describes an investigation 
which was carried out with the object of collecting 
information on the mechanical properties of typical 
bricks and brickwork in use in Great Britain. It 
was deemed particularly necessary as no authori- 
tative work on the subject has been published 
since 1905. The test results covering a wide range 
are collected together in. a series of valuable tables. 
Data on other physical properties are given in an 
appendix to the report. 

He * ^ 

Abnormal Developmeyit of the Radicle in Mango.— 
Mr. Tarachand Nandi, llangabasi College, Calcutta, 
writes ; '‘The germination of the mango ordinarily 
takes place by the bursting of the hard endocarp 
and the radicle comes out through it on having 
sufficient moisture and other .necessary conditions 
of germination but in the specimen under con- 
sideration, while the mango was still a perfect 
fruit with epicarp, mesocarp and endocarp. the 
development of the radicle lias considerably pro- 
gre.ssed. The fruit was perfectly ripe and on 
the removal of the epicarp and fleshy mesocarx), 
the radicle was seen to have develoxied to 3*0 inches 
and the endocarp .sliowed slight bifurcation. 

The probable explanation is sought by the writer 
to be unfavourable condition of the soil. Such 
a form of germination is known in the case of 
viviparous mode of plant-life. 

‘‘ The hard endocarp is 4-8 inches long and 2*5 
inches broad and is populaily known by the name 
of Euzli variety of mango ; whether it should be 
explained as vivix'>aroiis or not requires further 
investigation. The specimen has been preserved 
in the Biological Laboratory of the Bangabasi 
College, Calcutta.” 

* * sH 

Aerial Roots in Vitis quadrangular is, Wall. — Mr. 
S. A. Parandekar, m.sc,, of the Biology Depart- 
ment, Rajaram College, Kolhapur, writes : “ An 
interesting phenomenon of the presence of aerial 
hanging roots as those in Banyan (Ficus bengha- 
lensis, Linn.) has been observed in Vitis quadran- 
gularis, Wall. 

“The plant is being trained on a greenhouse, 
along with a few others, e.g., Ipomea, Dioscorea, 
etc. It has gone on the top of the structure (12 ft. 


high) and spread up extensively; from there it 
gives off a number' of adventitious hanging roots, 
reminding one of the Banyan plant so commonly 
met with. A few of such roots are also given off 
from the lower portions of the plant and they have 
already entered the soil. 

“ The plant is known for its quadrangular 
simpodial stem with stem-tendrils which are leaf- 
opposed. Now it is found that the adventitious 
roots mentioned above arise at the nodes from any 
of its sides which are not occupied by the tendril 
or the leaf, as shown in the accompanying diagram. 
A reference to the relevant literature at hand, 
however, fails to cite the phenomenon ; it is 
thought proper, therefore, to record it as the same 
might prove of interest to many.” 

Sjc * * 

A Statistical Study of the Maximum Temperatures 
at Poona (R. J. Kalamkax). — This x)aper deals with 
tlie analysis of Maximum Temperature at Poona 
from 1880 to 1931. Tlie coerficient of variability 
of mean monthly maximum temperature is com- 
paratively higher for June and October wliich are 
characterised by the setting in and witlidrawal 
respectively of the south-west monsoon. The 
values of the correlation coefficients for the neigh- 
bouring months of autumn and winter are high. 
Regression equations for forecasting temx)eratures 
for the five seven-day periods, niz., November 27 — 
December 3rd, December 4th— December lOtb, 
December 11th— December 17th, December ISfch — 
December 24th and December 25th — December 
31st, are obtained from the weekly temperatures of 
the preceding four weeks. 
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Forthcoming Events. 


Society of Biological Chemists, India,— The 
bllowing papers will be presented during Septem- 
3er and October :-(l) 28-9-1934. Mr. B. H. Rarna- 
jJiandra Rao, M.Sc., ‘ 'The Influence of Aeration in 
Jie Diastatic Activity of Steeped Barley ” at 


the Indian Institute of Science, Bangalore . (2) 
5-10-1934. Mr. B. 11. Krishna, M.Sc., A.I.C., 
“Colloidal Medicaments” at the Central College, 
Bangalore. 


Reviews. 


‘ The Silver Jubiibe Commemoration 
Volume” of the Indian Mathematical 
■Society. 

The Indian Mathematical Society cele- 
irated its Silver Jubilee in December 1932 
it Bombay. The twentieth volume of the 
Journal of the Society is published as the 
h)nimemoration Volume. The volume con- 
■ains a report on the progress of the Society 
luring thes(‘ twenty -five years. It also 
‘-ontains a number of interesting papers 
‘^ontributed by Indian scholars and well- 
vishers of the Society, on various subjects 
11 Matluunatics. 

I^rof. Watson contributes a paper on the 
)i‘oofs of certain identities in combinatory 
iiia-lysis which are connected with the 
anions Roger-Raniannjan identities in 
‘.oinbinatory analysis. The author uses 
tamanuj all’s notations in the course of the 
)r()of. S. S. Pillay has determined the true 
n'der of the sum-function of the number of 
)rinie factors of n and another allied function 
vitli and without the Riemannian hypothesis. 

H. Neville contributes a big paper on 
‘Iteratine interpolation”. E. T. Bell has 
‘ontributed a paper on an algebra of 
nimerica] compositions. S. M. Shaw has 

hdxMinined upper and lower bounds of 

11 a closer manner than Behrend where A{n) 
lenotes the number of abundant numbers 
ess than n. G. A. Miller has constructed 
in infinite system of groups possessing certain 
;‘iven properties and has shown every 
:roup possessing certain properties can be 
xtended to a group belonging to the infinite 
ystem. K. Ananda Eao has studied some 
lore properties of the elliptic modular 


function in the neighbourhood of its line 
of singularities. C. N. Sreenivasaiengar has 
contributed a paper on the singular solutions 
of ordinary differential equations of second 
order. K. Venkatachaliengar has given a 
simple general method of constructing series 
w'hose terms and sum-functions are continu- 
ous in an interval and which converges iion- 
uniformly in every sub -interval. S. Chowla 
has obtained the orders of certain expressions 
which occur in connection with Waring - 
Hilbert theorem. 

C. y. H. Rao has given a purely projective 
definition of the </>-Comc. T. Hayashi has 
solved an ancient Japanese mathematical 
problem. W. Blaschke has proved that a 
hexagonal 4-web of surfaces is exceiit for 
topological transformations uniquely deter- 
mined by three functions each of one 
variable. D. D. Kosambi has contributed 
an interesting paper on “Tlie Problem of 
Differential Invariants”. B. Ramamoorti 
has given a “Covariant specification of the 
simplex inscribed in a rational norm curve 
in a space of odd dimensions and circum- 
scribed to a conic inpolar to the Curve”. 
S. Krishnamoorty Eao has studied how 
quadrics and subregions in a space of degree 
n are transformed, by a given point collinea- 
tion. A. A. Krishnaswamy Iyengar has 
contributed some results in connection with 
oriented circles. Earn Behari has obtained 
the condition that the osculating quadric 
of a skew ruled surface he equilateral and 
has also obtained a new geometrical meaning 
for the Laguerre function. G. P. Eao has 
given a method computing Gravity 
Anomalies. M. Eaziuddin Si ddiqi has proved 
the existence and uniqueness of the solution 
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of some differential equation which occurs 
in connection with the equation of heat 
conduction in wave mechanics. K. Naga- 
bhushanam has contributed a paper on the 
Transformation Theory of Dynamics in the 
Manifold of states and "time. K. K. Mukherjee 
has a paper on the ISTormalisation in Wave 
Statistics. 

The editors should certainly be congratu- 
lated on the excellent printing and appearance 
of the volume. 

K. V. T. 


SM QtJELQUES PnOPEUTIES Des Polynomes. 
By J. Dieudonne. (Hermann & Go., Paris. 
24 pp.) 6 francs. 

This short monogxaph deals with the 
applications of the theory of bounded func- 
tions to the properties of polynominals 
all of wdiose roots are situated within the 
unit circle. The connection between them 
w’-as pointed by I. Schur in connection 
with his solution of the famous coeifieient 
problem of bounded functions. This book 
is devoted to the study of less profound 
relations, between them wiiich are capable 
of easy applications to other problems 
particularly to those concerning the succes- 
sive derivatives of these polynominals. The 
author studies various properties of certain 
polynominals such as the value of their 
minimum radius of convexity, etc. The 
constants obtained are the best possible. 
Some applications of these are indicated 
at the end of the book. 

K. V. I. 


L’ Arithmetique De L’ Irfiwi. By Maurice 
Frechet. (Hermann & Co., Paris. 38 pp.) 
10 francs. 

This book aptly forms the first among tlie 
series of books on General Mathematical 
Analysis which are to be published under 
the editorial direction of the author. The 
first thing that one has to study in order 
to get a complete grasp of analysis is the 
logical foundation of Infinity. The author 
has set forth in very lucid terms the defini- 
tions of various notions introduced by 
Cantor, rir., cardinal and ordinal numbers, 
transfinite numbers. A short account of 
operations of point sets and the theory of 


measure are also treated in the book. The | 
author’s treatment of the subject is very 
succinct and brilliant. One great relieving 
feature about the book is that it does not 
make use of complicated symbols which 
are very common in advanced hooks on 
real analysis. It is really remarkable tliat 
the author has treated the whole suhjcwd 
within a short space of 38 pages. A select 
bibliography of recent literature on the 
subject is api3ended at the end of tlie book. 

K. V. I. 


Elementary Mechanics, including Hydro- 
statics and Pneumatics. By Sir Oliver 
J. Lodge, D.sc., LL.D., F.R.s. (Chambers 
Limited, Edinburgh, pp. 308. New Edition. 
Revised and enlarged). Prit^e 4,9. iUl. 

This authoritative and liighly us(vfiil book 
on Mechanics w^as first issued by the author 
in 1890. It is since revised and enlarged. 
The present one is a copiously illustrated, 
new edition of the hook. 

The author who is tbe well known scientist 
and wTiter, Sir Oliver Lodge, has designed 
this book to be a really useful. hand-book 
of Mechanics for students. The following are 
some of the special featur(.‘S of the hook : — 

(1) It is written in a manner so as to he 
understood by the student wdio lias not | 
specialised in matliematics and even by the J 
layman, without, at the same time, sacrificing I 
accuracy and precision; (2) The subject- 
matter is treated in such a w'ay tliat the n 
Laws of Physics have b(‘en. deduc.ed from 
first pirinciples and familiar expericnc(i rather 
than from special expierirmuits ; and (3) 
Finally, it is meant to be an (‘asy intioduc- 
tion to a more thorough study of the subject 
and at the same time a philosophical wnrk. 

The subject-matter is trc^ated in a logical 
and vivid manner and is intelligible (.wen to 
the student preparing for various examina- 
tions by private study. A. large number of 
graded examples have been added and a 
number of question papers appcuidcd. 

The Indian student pirepiaring for tlie 
various University Examinations will find 
this book highly useful. It should be 
indispensable to all libraries. 

The pirinting and the attractive get-up 
add to the high quality of tlie book. \ 

B. V. Sastry. S 
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Science and Happiness. 

■p^EOM a human standpoint, the conclud- 
ing portion of Sir James Jeans’ jiresi- 
dential address to the British Association is 
perhaps ^ the most interesting. Within 
recent times there has been quite a volume 
of indiscriminate criticism about the benefits 
of science, and almost all the travail from 
winch the world is suffering is attributed by 
a section of public opinion to the progress 
of scientific knowledge in its applications to 
the practical problems of life. Assuming 
that there is an element of truth in such an 
accusation, we are unable to discover a 
means of escape. Scientific knowledge has 
now become an integral part of modern 
culture, and its advancemeut is bound to be 
rapid in view of the assured provision for 
its encouragement, and few can control its 
direction and output. It is practically use- 
less to suggest the abolition of scientific 
inventions or to stop scientific researches in 
any one country, without other countries 
undertaking similar obligations. Even if 
such a proposal were feasible, the net result 
would be to petrify society, but the hopes of 
restoring to man his happiness and peace 
the loss of which lie is generally in the habit 
of laying at the door of science, would be as 
far from realisation as ever. Science has 
widened our outlook and augmented our 
store of knowledge ; but it has also failed to 
enrich our moral endowment. It is equally 
true that scientific industrial planning will 
displace more labour than it can absorb, and 
all efforts to establish a balance between 
labour-saving devices and unemployment 
are bound to be futile. 

We cannot ignore the innate tendency of 
man to press every kind of knowledge into 
hi.s service, no matter to what branch of 
science and art it may belong. To acquire 
couti'ol over the forces of Nature or to 
perfect the methods of investigating the 
facts and phenomena of objective reality, is 
nob in itself fatal to the well-being of man; 
but the end which he uses the scientific 
knowledge to achieve, makes a wide di:ffer- 
ence. Knowledge is neither moral nor 
immoral. It places in our hands the power 
of dignifying and saving human life ; it also 
puts at our disposal the weapons of destroy- 
ing it on a scale to which history scarcely 
furnishes a parallel. If in tlie past the 
Church and the State complacently permit- 
ted religious differences to lead to bloodshed. 
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the highly organised modem society need 
not be shocked when national rivalries, 
stress of over-population, economic competi- 
tion and tariff barriers occasionally result in 
the outbreak of hostilities. Tlie conditions 
of international relations which generally 
precede conflicts are the product of scientific 
development, and the operations on the 
field when it is taken, pass under scientific 
management. It is difficult to foresee a 
time when wars will be totally abolished, 
though in future they will bo less frequent ; 
it is equally difficult to imagine whether any 
economic planning will produce a permanent 
and equitable adjustment of labour and 
capital on the one hand, and, on the other, 
remove the causes of industrial depression, 
arising from over-production and from a 
defective scheme of distribution. The conspi- 
cuous feature of the twentieth century is the 
increasing readiness with wliich the fruits of 
scientific labours are utilised for sophisticat- 
ing the human wants and for gratifying the 
fundamental appetites of man. The gifts 
of science have been applied to render 
social life artificial, and naturally its 
reactions to the environment must partake 
of the characteristics of materialism. In 
moments of intellectual exaltation we are 
apt to ignore the basic fact that life, whether 
it manifests itself in an amoeba or man, is 
under the influence of jealousy which ex- 
presses itself in organisms seeking to gratify 
the appetites of stomach and sex. Centuries 
of religious and educational progress and the 
creation of stern public opinion have not 
succeeded in repressing the imperiousness of 
this sinister emotion; science is not 
concerned with disciplining it. It is idle to 
talk of creating a new Heaven on earth so 
long as this primitive passion continues to 
dominate the public and private life of the 
individual and is a potent factor governing 
international relations. Science in its mani- 
fold applications rather emifiiasises economic 
jealousies between highly organised nations 
and by favouring mass production tends to 
embitter labour. 

There is a great deal of truth in what Sir 
Alfred Ewing said two years ago as the 
President of the British Association, viz,, 

Science has given man control over nature 
before he has gained control over himself ’h 
The function of science in any civilised 
community is obviously two-fold. It 
furnishes those who pursue its path with 
a picture of the physical phenomena of 
Nature, and the laws under which they 
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manifest themselves, and the direction 
extent of their practical service to mu- 
A scientific mind is purely intellectiini 
and virtually ignores the value of other 
types of experience. The second function 
of science is to provide helpful guidance 
to society for consolidating its forces 
for advancing its higher destiny. In 
the fulfilment of this latter aspect of its 
function, the efforts of science are confronted 
by a play of emotional complexes which 
form, the foundation of all modern states 
and societies. Political and social organisa- 
tions can only enjoy the benefits of science 
conferred indirectly through workshops and 
industries, but can never hope to apply 
scientific methods and discipline to their 
evolution and development. The intellect 
of man is different from that of child ; but 
his emotions, though restrained more often 
than those of a child can be, are, liowevor, 
more sinister and destructive when they 
break out. The intellectualism of the 
twentieth century has still a strongback- 
ground of crude passions and, if in the next 
stage of the evolution of mind, this back- 
ground is replaced by moral responsibility 
for human thoughts and actions to a tribunal 
not built by man, we shall be pretty near to 
achieving universal happiness and peace. 
This is a dream ; but it is pleasant to dream. 

Science in the pursuit of her enquiry is 
generally intolerant of sanctity and tradi- 
tional authority, and she reorganises her 
statistical and comparative method as tlie 
only approach to Truth. This is permissible 
in respect of values which science discusses 
objectively, without actually experiencing. 
But the business of life is higlier; it 
prescribes standards of values whicli it 
experiences in its relations towards the 
universe ; the exi)erience is a complex of 
emotions which does not obey the laws and 
discipline imposed by the physical sciences. 
For the advancement of material progress, 
scientific investigations are indispensable, 
but for certain other aspects of social life, 
religious approach is the more important. 
Human experiences, requirements and ideals 
can be viewed and interpreted not only from 
the standpoint of objective sciences but 
also from that of religion. Their functions 
are complemental, and the seeming 
opposition between the two modes of 
approach to life is due to want of mutual 
understanding of the deeper significance and 
purpose of human existence. In a lower 
sense civilisation is material and in building 
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t, scientific results lend themselves to be 
ised as the means for accomplishing selfish 
:ains, and for destroying and constructing 
he external embellishments of social life.- In 
fcs higher aspects, civilisation connotes the 
nrichment of the ’moral and spiritual 
ndowments of man, involving a radical 
ransformation of his mental attitude 
owards his fellow-beings. Theology xindid 
v'hat religion attempted to achieve in this 
lirection; but science in giving us a deeper 
nsight into man’s relation to his environ- 
nent and knowledge of his origin and 
lature, may still become the friend of 
eligion to assist in the achievement of man’s 
lighest destiny. The divorce of religion 
rom science has delayed the process of 
lumanising the mind and should account 
or the numerous woes from which man 
luffers. In order that religion, whose 
progress has been retarded by theological 
loctrines and ecclesiastical superstitions, 
night overtake science, the latter is not 
’equired to suspend its activities, but to 
lasten slowly. Their co-operation must 
’esult eventually in humanising the mind : 
ind the attainment of tliis object olTcrs the 
lope of establishing universal concord and 
lappiness. 

It is true that civilisation is a term too 
elastic and impalpable to be defined, but as 
we understand it, it is synonymous with 
industrial progress, expansion of trade, 
multiplication' of wants, speedy locomotion, 
over-population, unemployment problems 
and fears of invasion. It is pertinent to ask 
whether this civilisation has tended to 
enhance our respect for the sanctity of 
human life and for the riglits of personal 
property ; or has it tended to enable those 
that can afford to provide tlicmselves with 
material comforts, to enjoy them in p(‘.ace 
and security The gifts of science turn into 
blessings or curses, in proportion to tlie 
humanisation of the mind, dealing witli them. 
The humanised mind intuitively acts upon 
the standard of absolute values set up by 
science and religion, for constantly checking 
the estimates of good and evil in our own 
nature. The impulses and motives which 
guide human actions in a world of material 
civilisation are, with honourable exceptions, 
dominantly personal, but under the 
combined influence of science and religion, 
they are expected to promote universal 
happiness. This fundamental transforma- 
tion of the human mind is civilisation in its 
true and higher sense, and it is a consum- 


mation in the attainment of which science 
and religion have to co-operate for centuries. 

It is pedantic to define happiness, but 
every one who has a healthy body and 
a clean and benevolent mind which are at 
peace with one another and with the envi- 
ronment, must have experienced it. Science 
can make life comfortable though not for 
all ; but life yearns for happiness, now and 
hereafter. Universal happiness cannot exist 
so long as public life continues to be dis-- 
figured by folly, lust, crime, poverty and 
squalor, which are the concomitants of 
material civilisation which has no use for 
the absolute values of life proclaimed and 
taught by religion. Eeligioii is opposed to 
organised ecclesiasticism and theological 
doctrines which have divided and embittered 
mankind. The Empire of religion is over 
the purer and finer emotions of love and joy 
as they spring from the imdefiled heart. 

In a society where comforts can be pur- 
chased by money, their enjoyment becomes 
obviously restricted to a few. The wealtli 
which an industrial civilisation produces 
acquires an ai’tificial power and value. 
Its drawbacks form tlie theme of economic 
science. Is it beyond the wit of man to 
invent a new type of coinage whicli will 
be suflicient for tlie needs of modern life, 
and which can neither be hoarded nor 
melted, |)ossessing at the same time some 
measure of immunity for resisting the fluc- 
tuations to which the existing currency is 
periodically subject '? Gold and beauty 
have by tiieir rarity been the cause of the 
world’s miseries. If wo cease to attach 
any value to them, their possession will 
not elevate us and tlieir loss will not 
depress us. 

The new forces of the twentieth century 
have no relation to the noble traditions of 
the great historical civilisations. We assume 
that the multiplication of scliools tends to 
the general refinement of mind, and the 
inereasod output of industrial products, to 
the promotion of liappiness. We further 
assume that ability to invent delicate 
iiistrumentvS for scientific researcli has raised 
the stature of scientific genius. Science 
has its own limitations, but in collaboration 
witli liurnanism, it may some day succeed 
in producing a combination of circumstan- 
ces favouring the appearance of new human 
cliroinosomes and genes transmitting to 
the successive generations, those worthy 
qualities whicli adorn life and make- it 
happy. This is not a meditation. The 
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scieBtifie liumauisra about wMcb we read 
^0 fre'juentlT in current literature eiivisai,eb 
; new civilisation, in wbieh tbe arts and 
sciences will be studied “ with a genuine 
devotion to the Good, the True 
Beautiful" and in which the qualitative 
values of human life and its ideals will not 
be distorted by industrial progress. Science 
and human nature are essentially reconcil- 
able. Scientific civilisation ought to 
produce a change in the attitude and tem- 
per of mind radically different from what 
at the present moment are the dominating 
motives of individual and corporate action. 
Human nature being what it is, its trans- 


formation must occupy tinx’i not c-asily 
calculated, but in the meantime the <iurs-. 
tion proposed by Sir James J(‘.aiKs has to 
be answered. He asks, Is it not Ixdil er 
to press on in our efforts to seeun^. more, 
wealth and leisure and dignity of life for 
our own and future generations, (^von 
though we risk a glorious failure, ratluo* 
than accept inglorious failure by pcu'ixdiuait- 
iiig our present conditions, in vvhi(di 
these advantages are the exc(M>ti()n ra-t.her 
than the rule To strive to oixrich gifts 
of science is wortliy, but to spi*(^ad tdadr 
beneficence for tlie uplift of linrua.n na,tnr(‘ 
is nobler. 


The Deccan Traps : Are They Cretaceous or Tertiary ? 


By B. Sabni, d.sc., sc.d. 
DepaHment of Botany, University of Lnclcnow. 


TX the history of Science it has sorne- 
times happened that a pioneer, working 
with a freer mind than it is perhaps 
possible to keep now-a-days with the 
influence of a long literature behind us, has 
arrived at conclusions which have ultimately 
proved to be sound, although they were 
long disputed by those who came after 
him. The object of the present note is to 
draw attention to what is probably another 
instance of this kind. 

The older geologists Malcolrnson,^ His- 
lop and Hunter- and even T. Oldham’- 
as late as 1871 regarded the Deccan 
Traps, on account of the fossils contained 
in the so-called Intertrappeau beds, as 
early tertiary. Hislop and Hunter compared 
the flora, of which a large collection of 
fruits, seeds, etc., was then available, with 
tbe Eocene flora of tbe London Clay, which 
Bowerbank- had described only a few 
years previously. Owing to certain unfor- 
tunate circumstances, which I hope to 
relate elsewhere, this important direct 
evidence of a tertiary age was allowed to 


‘ Malcolfiison. Trans. GeoL Soc., London, 1837 
5 , 537 ; reprinted in Carter. Geol. Pavers on 
IT esiern India, 1857, 1-47. 

“ Hislop and Hunter, Quart. Journ. Geol. Soc 
1S55. 11 , 345; reprinted in Carter, loc. cit 
lAi.q.i\isee also Hislop, Joiiryi. Bombay Asiai. 

Bombay Asiat. Soc.] 


2 Oldham, T., Rec. Geol. Sure, hid., 1871, 4 , T'j 

<^f ike Fossil Fruits aru 
Seeds of the London Clay, London, 1840. 


recede into obscurity and olxlivion ; 
indirect evidence, regarded UyS indicxili v<‘ of 
a cretaceous age and culhid from d is! a id. 
areas like Sind and BalucduHla-ir* or 
from the underlying Lameta- of 

which the exact relations with thcs traps 
are still an open (luestion, Ims in re(‘(m(. 
years held almost undisputed fu^ld. In isp.'i, 
when the second edition of t h(‘. Indian 
Geological Survey’s oHicial imiimal* was 
published, the whole question wa.s diK(‘uss<‘(l 
in detail on tlio ovidemu^ t.fum a-vailahh' ; 
bub tJie conclusion tluna^. <>!xpr(\ss(Ml was 
distinctly cautious and n()n-(‘.ommi|.|,a.I. 'Po- 
day, the oflicial vi(iw of Whs Siuaa^y' 
although admittedly based soh^ly upon iix 
direct evidence, regards the ! )(M*(*a,n IxmIs, 
almost without question, as Ixdongiiig to 
the close of the m(isozoi(*. and not- to (he 
opening of the (Ku-tiary era. lUiiil (juite 


^ D’Archiac and Descr. <{ . t( ni nut fttss. 

du group e NuvimulitUiuc de V lnfl(\ Paris, I ; 
Duncan and Sladcm, Paitvonl. huiiva, ISTi-lSSa! 
Ser. XTV,1, (iii, 1); I )()uvill,:; (diC., Pahronf. Indirtt. 
N.S., 1927-1020, 10 , mom. 2, ,3; hut. s<‘r nlntj 
Holland, Ind. Geol. Tennbiol., Mrtn. Grot Sure 
Ind., 1926, 51 , 51. 


^ Matley, hcc. Geol. Surv. hid.. 1021. 53, M2 
164; see also Modlicott, 11. B., Her. Geol. * SuTr 
Ind., 1872, 5 , 115-120 ; Oldha,m,0\, lav. eit., Hiuu’tt 
1871 ; Wadia, eVo/. of India, 192(h pp. 10 n»loi 
Holland, loc. cit., 192(h 

^ Oldham, H. D.. AJ amuiL of the ( reolotui of / adit 
(G.S.I. publication), 1893. 

® Holland, “ Indian Geological q.\‘rmi!i(>h)gv 
Mern. Geol. Surv. Ind., 1926, 51 , 04, 88 ; kuo alH( 
Wadia, GeoL of India, 1926, 200. 
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recently I was one of those who freely 
accepted this view. But a comprehensive 
review of the evidence, including some 
recent discoveries, has led me to abandon 
this opinion in favour of the conclusions 
reached by the pioneer workers. 

I am deeply indebted to various officers 
of the Geological Survey and particularly to 
the distinguished head of that Department, 
Dr. L. L. Fermor, f.r.s., for their great 
courtesy in acquainting me with the geologi- 
cal literature in support of the official view 
and in replying to several otlier enquiries. 
I have no intention here, nor am I compe- 
tent, to discuss this literature which must 
be familiar to all Indian geologists. My 
main purpose is to draw attention to the 
fact that there is a considerable body of direct 
palcGobotanical evidence^ and that this evidence^ 
as 1 stated in a recent note^^ points distinctly 
in favour of a tertiary age for the Intertrappean 
series, I may say in passing, however, that 
while the fauna has been pronounced to be 
indecisive from the stratigraphical point of 
view"^^ (most of the genera having long 
ranges in time), if the crustacean remains 
which Malcolmson^' recorded from the 
Deccan beds nearly a century ago were 
correctly assigned to Cypris, we liave some 
little evidence pointing in the same direc- 
tion, even from the animal side because 
this genus is unknown in rocks older than 
the tertiary. But of course, until the 
reference to Cypris has been confirmed the 
evidence of the fauna must be regarded as 
neutral. 

As for tlie plant remains, a provisional 
list with ]‘eferences to earlier papers was 
given in the preliminary paper already 
cited. Since then, under very unusual 
circiimstanees, I have unearthed from the 
vaults of a Bombay museum an important 
old collection of silicified palms and dicotyle- 
dons, some of which were no doubt collected 
over a hundred years ago. This newly 
discovered, or rather re-discovered, material 
lends further support to the view I had 
already expressed. The whole of the Inter- 


^ Salmi, Srivastava and Itao, The silicified 
flora of tlie Deccan Intertrappean series, ” 1934, 
Parts I-IV, I^roc. Ind. Sci. Congress, Botany 
Section, Bombay meeting, read January 1934, 
puhlislied March 1934. 

10 Wadia, Geology of India, 1926 ; K. D. Oldham, 
loc. cit., supra, 1893. 

Malcolmson, loc. cit., supra, 1837. 

12 Sahni, Srivastava and Rao, loc. cit., supra, 
1934. 


trappean material in hand is now being 
described in detail in collaboration with my 
research students Messrs. B. P. Srivastava, 
H. S. Bao and K. M. Gupta. Till this has 
been done, detailed comparisons cannot be 
made, but enough work has been accomplish- 
ed to show that the assemblage as a whole 
cannot be compared with any known 
cretaceous flora : it is distinctly a tertiary 
assemblage, and probably a lower tertiary 
one. I may also add that the whole of this 
material comes from the lower part of the 
Intertrappean series and not from the 
regions to the south and west, where the 
rocks are even younger, those at Bombay, 
representing the top of the series, being 
several thousand feet higher. 

The main arguments for a tertiary age are 
the following : — 

{a) The very large proportion of palms 
among the angios perms in the Intertrappean 
jfZora.— This proportion is even larger than 
would appear from the preliminary note cited 
above. Without committing myself to exact 
figures I may say that at the present moment, 
out of a total number of not more than 
42 angio sperm species which have 
come to my notice, there are no fewer than 
23 species of palms (18 of Palmoxylon, 
and at least 5 of fruits, besides one or two 
of leaves). Even allowing that all the fruits 
and leaves belonged to some of these 18 Pahno- 
xyla, and making no such allowance in 
the case of the dicotyledonous fruits and 
leaves, the proportion of palms among the 
angiosperms remains strikingly high. It is 
generally agreed that the palms first arose 
in the cretaceous and rapidly increased and 
spread during the tertiary, when the family 
attained the zenith of its development. In 
no known cretaceous flora do the palms 
figure at all so prominently as they do in the 
Intertrappean flora. 

(b) The genus Azolla, indeed the family 
Hydropteridese as a whole, has never been 
recorded from rocks older than the tertiary. 
Both the previously described species, A. 
prisca Beid and Chandler^^ and A. tertu 
aria Berry, come from tertiary strata. 

(c) The occurrence of Nipadites^ a typically 
eocene genus, — In the winter of 1930 the 
enthusiastic Benares geologist K. P, Bode 


^2 Reid and Chandler, ‘‘ The Bembridge Flora,” 
Brit. Mus. Catalogue, 1926. 

Berry, Pron. U. S. Nat. Mus., 1927, 72, p. 4, 
pi. 1, figs. 9-10. Sporocarps were not observed, 
hence final proof of Azolla is lacking in this species. 
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brought to me at Lucknow a small but 
interesting collection of fossil plants collected 
by him near his own village Mohgaon Kalan, 
east of Ohhindwara, in one of tlie basal 
members of the Intertrappean series. Among 
these I at once recognised an undoubted 
species of Nijiadites, which thus confirmed 
Hislop’s record of this genus, now eighty 
years old.^*'' There were also some trilo- 
cular fruits specifically identical with 
specimens already lent me by the British 
Museum, as well as one or two new forms, 
and several species of Palmoxylon^ three of 
which he described at my suggestion.’" 
I had also suggested that he should describe 
the fruits, but unfortunately his paper on 
these, unlike those on the Palmoxijla^ 
was .sent to press without my knowledge, and 
it contains a number of blunders. hTeverthe- 
less the importance of the discovery of an 
undoubted Nipadltes {¥. hindi Eode) in the 
Intertrappean beds must be fully recognised, 
although Eode himself did not see it. While 
it may be a matter of opinion wdiether 
this fossil should be placed in the genus 
Nipadltes or referred to the modern genus 
Nipa^ both the form and the structure which 
(with Mr. Eode’s kind permission) I have 
described and figured in another paper, 
to be published shortly, leaves no doubt as 
to the affinity. There is no room for a 
spongy cavity above tlie seed, as there is in 
Vandanus ^^ ; there is a large basal aper- 
ture for the embryo to escape (not a stalk- 
cavity’’ as described by Eode) and, lastly, 
the seed is very definitely grooved on one 
side as in the modern Nipa (Jnot smooth as 
described by Eode). The angular form of 
the fruit, as well as the fibrous mesocarp 
(locally exposed by the abrasion of tlie thin 
epicarp) lends support to the affinity with 
Nipa. This discovery thus fully confirms 
the presence of Nipjadites in the Intertrap- 
pean flora, first recorded by Ilislop in 1853 . 
The other species, named N. eompressus by 
Eode, may or may not be a Nipadites. 


Hislop, Joiirn. Bombay Asiat, Soc,, 1853, 5, 
68 ; Carter, loo. cit.^ lvS57, 718; see also Hislop and 
Hunter, 1855, in Carter, p. 2()4;. 

Eode, Quart. Journ. GeoL Min. and Met. Soc. 
of India, 1933, 5, (ii, iii), Calcutta. 

Rode, Curr. Sol., 1933, 2 (v), 171-172, 

Bangalore. 

Rode’s flg. 2 on p. 172 is, however, liypotlie- 
tical, as the distal half of the fossil has not been 
cut longitudinally. 


Nevertheless one of the most important 
points of resemblance witli the London Clay 
flora lias been fully established, and it gives 
the strongest support to an eocene age for 
the Deccan beds. 

One more point seems important although 
Eode himself does not refer to it. Nipadites 
is not only a genus very characteristic of 
the eocene period but, unless these palms 
have changed their mode of life since then, 
its occurrence in the northern part of the 
Deccan indicates the existence of an estuary ^ 
during the early part of the Intertrappean 
period in the proximity of Chhindwara. In 
their valuable memoir on the London Clay 
flora recently published Eeid and Chandler"^'* 
have shown that nearly all the fossil 
records of Afp^-like palms lie approxi- 
mately along the margins of the ancient 
Numrnulitic, or Tethys, sea and its exten- 
sions So, most probably a north -flowing 
river debouche /1 into the great Tethys sea 
or into an arm of that sea, not far to the 
north of Mr. Eode’s home! We may now 
confidently look forward to the discovery of 
furtlier evidence of an estuarine flora along 
the northern and eastern borders of the 
Deccan Trap area, perhaps particularly in 
the region of Eajahmundry, from where a 
brackish water fauna is already known. 

The above, briefly, are the main consi- 
derations which taken together have led me, 
in spite of the official view of the Indian 
Geological Survey, to assign an eocene age 
to the Deccan Traps. This view not only 
vindicates the opinion expressed by the 
pioneer Avorkers, but is also in consonance 
with the conclusion recently arrived at by 
Sir Arthur Smith Woodward, f.r.s.“" 
from the indirect testimony of some fish 
remains from beds believed to belong to the 
Lameta series. 

I cannot conclude this note without an 
expi’ession of sincere thanks to Mr. Eode 
and also to Dr. Fermor and his colleagues, 
to whom I owe much of the information 
and material Avhicli I have here used, per- 
haps somewhat ungratefully, in support of 
opinions opposed to theirs. 


Eeid and Chandler, The London Clay 
Flora”, Brit. Mus. Nat. History, London, 1933.' 

^0 Smith-Woodward, A., Palceont. Indica, N. S., 
1908, 3 (iii) , 1-6 ; a view recently confirmed by 
him in a letter to me, dated 1934. 
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Some Recent Advances in Indian Geology/"' 

By W. D. West, 

Geological Purvey of India. 


iNTRODUCirON. 

Editor of Current Science has asked 
me to contribute an article on recent 
advances in Indian geology. The following 
notes, dealing with certain aspects of the 
subject with which I am more familiar, 
have been put together in the hope that 
they may prove to be of interest not only to 
students of geology in India, but also to 
geologists outside India who have not the 
time to keep in touch with developments in 
this country. 

Perhaps the most disturbing feature of 
modern scientific work is the immense out- 
put of literature which is continually 
appearing in every branch of science. So 
great is this becoming that it is a matter of 
difficulty for any worker to keep in touch 
with the progress that is being made, even 
in his own subject. This difficulty applies 
with particular force to geology. Modern 
geology has become so comprehensive, and 
its various aspects have become so specialised, 
that it has been said that there are no longer 
any geologists but only specialists in various 
branches ; while specialists have been 
defined as those who know more and more 
about less and less. India is a large place, 
with a very varied geology and the consider- 
able number of papers on Indian geology 
that are continually appearing, overburdened 
as they often are with the details of their 
subject, make it difficult for anyone not 
directly interested in them to appreciate 
fully the progress that is being made. In 
writing these notes, therefore, I have tried 
as far as possible to draw attention to the 
main lines along which our understanding 
of the geology of India is developing, rather 
than to summarise every paper that has 
recently appeared, which would in any case 
be impossible within the limits of a series 
of short articles, 

I have divided this account into five 
sections : (1) The Archa3an Eocks of Penin- 
sular India, (2) Deccan Trap volcanic acti- 
vity, (3) The geology of the Himalaya, (4) 
The geology of Burma, (5) The geology 
of the Salt Eange. A section dealing with 
recent advances in palaeontology by Mr. 


* Published with the permission of the 
Director, Geological Survey of India. 


D. E". Wadia has already appeared inCurrent 
Science (December, 1933). The section on 
the geology of Burma is being contributed 
by my colleague Mr. V. P. Sondlii, to whom 
I arn much indebted. 

The Arcilean Eocks of Peninsular 
India. 

Tlie Arcluean rocks of India occupy a 
greater area than any other formation. 
They are important economically in con- 
taining rich deposits of gold, iron, manga- 
nese and mica. It is unnecessary to stress 
the importance of pure scientific research in 
the bearings which it may have on economic 
development; and a detailed study of the 
Archaean rocks in India, such as is being 
carried on in certain areas, needs no further 
justification. The problems associated with 
Indian Archaean geology are so many, and 
their proper discussion would be so labo- 
rious, that in the following notes only a 
very general account can be given of the 
main trend of recent work. It is unfortu- 
nate that most of this work is yet un- 
published, and some indication of the lines 
along which it is developing may therefore 
prove to be of value. 

The peculiar difficulties that beset the 
geologist who is endeavouring to interpret 
the geological history of Archaian times 
are well known.' The metamorphism which 
these rocks have undergone has in some 
cases made originally dissimilar rocks 
appear similar, while in other cases the same 
rocks have been made to appear profoundly 
different in different places where they have 
sulfered varying degrees of metamorphism. 
A further difficulty in the wvay of correlating 
these very old rocks is that many of their 
outcrops have become isolated from one 
another, either by the denudation of inter- 
vening tracts or by the superposition of 
later rocks ; and it is difficult sometimes to 
be certain whether a difference observed in 
the rocks of two neighbouring but separated 
tracts is due to actual difference in the age 
of the rocks, or to lithological variation, or 
to the effects of varying metamorphism. 

Before referring to the recent advances 
made in this branch of Indian geology a 
word may be given about the classification 
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broii<^ht to me at Lucknow a small but 
interesting collection of fossil plants collecbecl 
by liini near bis own village Mobgaon 
east of Chliindwara, in one of tbe basal 
members of the Intertrappean series. Among 
these I at once recognised an undoubted 
species of N ipctditcs* wbicb thus confiinied 
Hislop's record of this genus, now eighty 
years old."' There were also some trilo- 
cuiar fruits specifically identical with 
specimens already lent me by the British 
Museum, as well as one or two new forms, 
and several species of Palmocoylon^ three of 
which he described at my suggestion."'’ 
I had also suggested that he should describe 
the fruits, but unfortunately his paper on 
these,"' unlike those on the Palmoxyla, 
was sent to press without my knowledge, and 
it contains a number of blunders. Neverthe- 
less the importance of the discovery of an 
undoubted Nipadites (A. Mndi Bode) in the 
Intertrappean beds must be fully recognised, 
although Eode himself did not see it. While 
it may be a matter of opinion whether 
this fossil should be placed in the genus 
]!sipadnes or referred to the modern genus 
W/pUj both the form and the structure which 
(with Mr. Eode’s kind permission) I have 
described and figured in another paper, 
to be published shortly, leaves no doubt as 
to the affinity. There is no room for a 
spongy cavity above the seed, as there is in 
Pandanus ^^ : there is a large basal aper- 
ture for the embryo to escape (not a stalk- 
cavity'' as described by Eode) and, lastly, 
the seed is very definitely grooved on one 
side as in the modern 'Nipa (not smooth as 
described by Eode). The angular form of 
the fruit, as well as the fibrous mesocarp 
(locally exposed by the abrasion of the thin 
epicarp) lends support to the affinity with 
jsipa. This discovery thus fully confirms 
the presence of Mpadites in the Intertrap- 
pean flora, first recorded by Hislop in 1853. 
The other species, named F. compresses by 
Eode, may or may not be a Nipadites, 


^ Hislop, Joimi. Bomhay Asiat. Soc., 1858, 5, 
68 ; Carter, loc. cit., 1857, 718; see also Hislop and 
Hunter, 1855. in Carter, p. 264. 

Rode. Quart, Journ. GeoJ. Min. and Met. Soc 
of India, 1933, 5, (ii, iii), Calcutta. 

Rode, Curr. Sci., 1933, 2 (v), 171-172 

Bangalore. ’ 

18 Rode’s fig. 2 on p. 172 is, however, hypothe- 
tical, as the distal half of the fossil has not been 
cut longitudinally. 


fOcrrtti-.KK 1"3I 

Neverfclieless one of 1 'Ih' niosl '"'I"”*'*'** 
points of resemblance with the London a, 
flora has been fully cst{i])lislic(l, nnd it gn 
the strongest support to an (‘oc(M 1 (‘ ngc loi 

the Deccan beds. , 

One more point seems important nil iiongii 

Eode himself does not rof(u’ to it-. 

is not only a genus v(uy c,iin.nud(‘n.sl ic 
the eocene period but, unl(‘ss^ tlicsc 
have changed tlioir mode of lil<‘ simn* t Inm, 
its occurrence in the nortlunm pnii ol the 
Deccan indicates the exist(ni(u‘. of a-n cshurrii, 
during the early part of tlu^ Intertrappean 
period in tlie proximity of Ohldmlwara.. ^ in 
their valuable memoir on <di(‘ Lomlon ^hay 
flora recently published Reid aaid (hiandler 
have shown that nearly aJl t ho lossil 
records of W/pc^-likc palms li(‘ a{>[)ro\i 
mately along the margins of tla^ anoitml 
Nummulitie, or Tethys, son a.ml its oxlen 
sions'h So, most probably ai iiorth-llowing 
river debouelied into th(^ gr<‘ad Tethys sea 
or into an arm of til, all son, not. far to fho 
north of Mr. Eode’s Iioim*. ! \\'<‘ may rn^u 
confidently look forward to t he disco\'cry ol 
further evidence of an (^s^,llaa•i^(‘ liora al(»ru: 
the northern and oaistern })oi'd(n*s of the 
Deccan Trap area, p(n*li:if)s [lart ioiila riy in 
the region of Eiajahmundry, from whore* a 
brackish water fauna is a-h’(uidy known. 

The above, briefly, nvo (du^ main oonsi 
derations which takeai t<)g(‘.tili(‘r hav<* led rno. 
in spite of tlie otrun'al view of the Imiian 
Geological Survey, to assign a.ii {*ooono :i>p‘ 
to the Deccan Traps. This vlow not onl> 
vindicates the opinion (‘.x|>r(‘ss(Ml by tho 
pioneer workers, but is also in eousouuiioi* 
with the conclusion recamtly a,n’iv(*d at by 
Sir Artlmr Smitli Woodward. I'.u.s. 
from tlie indirect tc^sliimony of sonu* b.di 
remains from beds believeal to bolong (o i [o* 
Lameta series. 

I cannot conclude this uot.(^ wit hout an 
expression of simaua^ tha.nks to Mr. \Uo\e 
and also to Dr. .hermor a.nd his ooUtaigut^s^ 
to whom I owe miudi of t.lu* iuformatiuri 
and material wliich I luive luu’i*. us<‘(I, p,*i‘ 
haps somewhat ungrat(‘.fully, in supfiorl 
opinions opposed to tlieirs. * 


R-eid and Chandlor, ‘‘ 'Plu* Loath, n (‘hiv 
Flora”, Brit. Mas. Nat. Jfhlorf/. I.nudan. lU.Ua." 

^9 Smith -Wood wa.rd, A., Pahrout. Indira, X. S.. 
1908, 3 (hi), 1-6; a viow mctuU-l y conlirmiHl bv 
him in a letter to jne, dated I . ’ 
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Some Recent Advances in Indian Geology.* 

By W. D. West, 

Geological Survey of India. 


iNTHOPUCTION. 

^HE Editor of Current Science has asked 
me to contribute an article on recent 
advances in Indian geology. The following 
notes, dealing witli certain aspects of the 
subject with which I am more familiar, 
have been put together in the hope that 
they may prove to be of interest not only to 
students of geology in India, but also to 
geologists outside .India who have not the 
time to keep in touch with developments in 
this country. 

Perhaps the most disturbing feature of 
modern scientihc work is the immense out- 
put of literature which is continually 
appearing in every branch of science. So 
great is this becoming that it is a matter of 
difficulty for any worker to keep in touch 
with the progress that is being made, even 
in his own subject. This difficulty applies 
with particular force to geology. Modern 
geology has become so compreliensive, and 
its various aspects have become so specialised, 
that it has been said that there are no longer 
any geologists but only specialists in various 
branches ; while specialists have been 
defined as those who know more and more 
about less and less. India is a large place, 
with a very varied geology and the consider- 
able number of papers on Indian geology 
that are continually appearing, overburdened 
as they often are with the details of their 
subject, make it difficult for anyone not 
directly interested in them to appreciate 
fully the progress that is being made. In 
writing these notes, therefore, I have tried 
as far as possible to draw attention to the 
main lines along which our understanding 
of the geology of India is developing, rather 
than to summarise every paper that has 
recently appeared, which would in any case 
be impossible within the limits of a series 
of short articles. 

I have divided this account into five 
sections: (1) The Archaean Eocks of Penin- 
sular India, (2) Deccan Trap volcanic acti- 
vity, (3) The geology of the Himalaya, (4) 
The geology of Burma, (5) The geology 
of the Salt Eange. A section dealing with 
recent advances in jialaeontology by Mr. 


* Published with the permission of the 
Director, Geological Survey of India. 


D. hr. Wadia has already appeared in Current 
Science (December, 1933). The section on 
tlie geology of Burma is being contributed 
by my colleague Mr. V. P. Sondhi, to whom 
I am much indebted. 

Thi: Aucil-ean Eocks of Peninsular 
India. 

The Arcluean rocks of India occupy a 
greater area than any other formation. 
They are important economically in con- 
taining rich deposits of gold, iron, manga- 
nese and mica. It is unnecessary to stress 
the importance of pure scientific research in 
the bearings which it may have on economic 
development; and a detailed study of the 
Archiean rocks in India, such as is being 
carried on in certain areas, needs no further 
justification. The problems associated with 
Indian Archaean geology are so many, and 
their proper discussion would be so labo- 
rious, that in the following notes only a 
very general account can be given of the 
main trend of recent work. It is unfortu- 
nate that most of this work is yet un- 
publishe.d, and some indication of the lines 
along which it is developing may therefore 
prove to be of value. 

The peculiar difficulties that beset the 
geologist who is endeavouring to interpret 
the geological history of Archiean times 
are well known. The metamorphism which 
these rocks have undergone has in some 
cases made originally dissimilar rocks 
appear similar, while in other cases the same 
rocks have been made to appear profoundly 
different in different places where they have 
suffered varying degrees of metamorphism. 
A further difficulty in the way of correlating 
these very old rocks is that many of their 
outcrops have become isolated from one 
another, either by the denudation of inter- 
vening tracts or by the superposition of 
later rocks ; and it is difficult sometimes to 
be certain whether a difference observed in 
the rocks of two neighbouring but separated 
tracts is due to actual difference in the age 
of the rocks, or to lithological variation, or 
to the effects of varying metamorphism. 

Before referring to the recent advances 
made in this branch of Indian geology a 
word may be given about the classification 
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rhi^ie old rockij. This question of nomen- 
i'Liture is a thorny one, and perhaps the 
said the belter. But t\^ro points call for 
comnienr. It is becoming increasingly clear, 
more especially as the result of Dr. A. M. 
Heron s researches in Bajputaua, that the 
old nieramorpliosed rocks of India of undoubt- 
ed sedimentary origin hare to be subdivided 
into two or three systems, separated from 
eaeii other by big unconformities. The term 
Arehiean wa"s first introduced by Dana in 
1>:2 to include all rocks older than the 
Cambrian.' But it is the custom in many 
cjunrries to restrict its use to tke more 
];mlily metamorphosed rocks older than the 
Cambrian, and to designate the less 
metamorphosed rocks as Pre-Cambrian or 
>ome such term. As regards India, in 1906 
.Sir Tlionias Holland divided all rocks older 
than the Cambrian as follows 

Parana .. Cuddapah to Vindhyan. 
j'Dharwarian 

\ri*h*Faii - Eruptive gneisses and granites 
'* "j .Schistose gneisses 
(Oldest gneisses. 

►'^ucli a classification, while it may have 
served a useful purpose nearly 30 years ago, 
is clearly inadequate at the present day. It 
is not proposed here to suggest any alterna- 
tive. But the work that is gradually being 
completed in the several Archrean tracts in 
India, which is referred to in the following 
notes, should, after the effects of varying 
metamorphisin and of changing lithology 
have been disentangled, lead in the end to 
a natural classification based on fuller data 
than are at present available. 


the Arch^aii rocks \rur\ hy 1 hrir 

local names, the tcrni ICiarumr hrm- nmlrirf^ 
ed to the rocks of I)h:n\s.ii and 

adjacent tracts in Mysore, hi llii.; uay no 
implication of (Uimada.l ion will be iiit i 

into the noniciudn.tiirc wliiidi i.s nof 


by the known faidnS. 

In the following a(*c{)iinl ion will fi * 

confined to th('< four I racf s in which del a de l 
work has recently beam <Ion<‘. 


ItA.JPinWNA. 


In Rajputana Dr- A. .M. llerotn u ho eoni 
menced work th(‘a't‘. in IPOS, lias non enm|def 
ed the mapping of (.In*, ery.sl a dim* r<j<*ks, and 
the publication of (dn’i ihdaiis of Ida work is 
being eagerly awa.it(Ml. A.s a resud of hiis 
work two points iiia* (diai.rly hrenndn out 
wdiich are of partienla.r in(iu*(*st, hhrst, he* 
necessity of dividing (dn* (*i*y.s( adiric i‘(adv,s of 
this area into four disi.iurt. groups or .ay .st tuns, 
separated from eatdi ohnu* hy marlveil uncon- 
formities frcfiuently ii(*.('onipanit‘d iiy etun 
glomerates. Second, hu* r(‘niarkah|e was m 
which some of the ohh^sl. ro(‘ks iu India arc 
in certain places stall in (he eouditiou <n” 
almost unalteiaid shales aanl slafcs. 

As regards the fornnu’ poiii ( , t in* cry.ataliim* 
rocks of Rajputana ]lav<^ lo he divided into 
the following groups, giv(‘n in oi-dcr: 

Delhi system 

— _ uncoufoi’iuii.N* wl( !i cnin'd'cica .*1 f 
Baialo series 

— — unconrornii ( y \vi< h T' >icd<»iio-r.n «• 

Aravalli system 

~ uncotironuit V with rnii.diHui'i.i! »• 

Banded Gneissic 
Complex 


The other point which must be referred to 
here concerns the use of the word ‘ Dharwar’. 
Intil quite recently this name has been 
used to embrace all the bedded schists of 
Arekean age. including both metamorphosed 
^diments and contemporaneous lava flows ^ 
But the recent work‘ in Eajputana and Bihar 
and Orissa has indicated the presence of two 
or more series within the Aieh®an, separat- 
ed from one another by unconformities. 
The use of the term Dharwar in its original 
comprehensire sense can thus no longer be 

Vii “^sunderstanding it 

^lil th erefore be better in future to refer to 

- -D.irr. J-jur. Set., 3rd series, 1S72, 3, 253. 

*• Min. (Jeol hisi. Ind., 1906. 1, 47. 

I “^■‘.37 Sun'. Ind., 

* Rec. (leol. Sun. Ind., 1886, 19, 98. 


v/x oucist; uiic; 


M 

the well-known Mitlcriuiit laail.lc, is tin* 
smallest and least iniporlanl, and is nfieii 
missing.' The Bandcul, (Jm ‘i.sHic ( h)iupk*\ , f u 
be distinguisliod from Mu* injc(*(i(>u gnciANc> 
formed by the intrusion of ncid magnui info 
the A.raval]is und I)(*lhis a(. a much lau*r 
date, is thought to Mu* (*({uivalcnt of Mu* 
Bundelkhaml gneiss of Da,s((‘rn haipiHauu. 
though the two a,r<^ never seen in aefual 
contact. They a, re tiniinly of igneous origin, 
but there do occur aniong.st (i.ein l.iotif,- and 
chlonte-schists and granuililt's whicit niav 
represent rnetamorpho.sed Nediments greailv 
injected by both basie, and a,eid roeks." 'I'heV 
are the oldest rocks in Ihijinitana. 

wb^c?^«!n^® feature of greafesi iniereHl 
which has been brought to light hy Hmon s 


' Op. cit., 102 9, 62, 172 
' Op. cit., 1930, 63. l-lTi'. 
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work is the way in which the Aravallis are 
in places still in the condition of practically 
unaltered shales and slates. We have, in 
fact, in Eajputana one of the largest areas 
in the world of Archsean rocks which have 
suffered little or no metamorphism, perhaps 
only to be parallelled by the little altered 
Archaean rocks of Finland. The way in 
which such rocks have escaped metamorphism 
during Archaean and later times is one of 
the most interesting problems of Indian 
Archaean geology. When traced along the 
strike to the south these Aravalli rocks 
become injected with acid magma on an 
immense scale, and the rock becomes a 
banded gneiss.' Further south still the 
injection dies out, and slates are found once 
more. These composite gneisses are de- 
scribed by Heron as being exactly similar to 
the injection gneisses in Sutherlandshire, 
Scotland, recently described by H. H. Eead. 
In Eastern Eajputana the Aravalli rocks 
rest unconformably on the eroded surface of 
the Bundelkhand* gneissose granite, and 
there seems to be no doubt now as to the 
relative ages of these rocks. 

The Delhi system provides a problem of 
correlation which makes the geology of 
Kajpufcana of such intriguing interest. For 
the rocks of this system, although belonging 
to a late period of Archaean geology, are 
considerably folded and highly metamor- 
phosed. They are in fact in many parts of 
Eajputana more highly metamorphosed than 
the older Aravalli rocks. To understand 
how this has come about it is necessary to 
state that structurally Eajputana is domi- 
nated by the great Delhi synclinorium, 
which runs in a JST.E.-S.W. direction in 
north-east Eajputana, swinging round to a 
H.-S. direction in southern Eajputana and 
Bombay. Heron describes it as having 
roughly the shape of an hour glass, being 
narrowest in the centre and splaying out in 
the north-east and in the south. This is due 
to the fact that in the centre the syncline is 
a simple fold, but to the north-east and to 
the south it becomes complicated by the 
appearance of many secondary folds, and 
the outcrop becomes much wider. The fact 
that the Delhi rocks in the centre of the 
synclinorium are more highly metamorphosed 
than the older Aravalli rocks, is thought by 
Heron to be due to the fact that they were 
more deeply buried and more greatly 
intruded by igneous rocks than the under- 


7 Op. cit., 1929, 62, 17';.-172. 


lying Aravalli rocks wliich are only seen in 
the outer parts of the synclinorium.'' This 
anomaly' of metamorphic grade leads 0. S. 
Middlemiss to adopt a reversed order of 
superposition for the Aravallis and Delhis 
in Idar State, at the south-west end of the 
synclinorium.'^ But Middlemiss, in investi- 
gating only a small area, was handicapped in 
being confined in bis work to a comparatively 
short distance along the strike; and more- 
over the Delhi- Aravalli unconformity is not 
recognisable as such within Idar, while 
inversion and overfolding are general. The 
later work of Heron, carried on over a 
greater area, and including the tracing of 
the Delhi-Aravalli unconformity for some- 
thing like 500 miles, and the mapping of the 
lower unconformity of tlie Aravallis upon 
the Bundelkhand gneiss and the banded 
gneisses, has settled definitely the age 
relations between the major rock groups of 
Eajputana. 

In post-Delhi times the south-western side 
of the synclinorium was swamped with 
great intrusions of granite at two different 
periods. These igneous rocks, together with 
four diiferent sets of basic intrusions and 
extrusions, have been described in detail by 
A. L. Coulson in liis account of the geology of 
Sirohi State. The first acid phase includes 
the Erinpura granite and its associated 
aplites and pegmatites, intrusive into both 
Aravalli and Delhi rocks. 'No volcanic 
rocks are found associated with this phase. 
The second phase of acid intrusion is known 
as the Malani system. It includes the Idar 
granite as the plutonic phase, a variety of 
quartz- porphyries, felspar-porphyries, grano- 
phyres and similar rocks as the hypabyssal 
phase, and rliyolites and dellenitcs as the 
volcanic phase, including the well-known 
Malani rhyolites. Of considerable petro- 
graphical interest is the suite of igneous 
rocks intruded into the Erinpura granite 
near the village of Mundwara, on the 
western border of the State. These include 
picrites, gabbros and dolerites, basalts and 
pyroxenites, sodalit^syenites, and agglo- 
merates. Tlie memui?is accompanied by a 
large number of chemical analyses, which 
add to the interest of the petrographical 
descriptions. 

On the eastern side of the Delhi synclino- 
rium, B. 0. Gupta has described the geology 


s Op. ciL, 1931, 65, 143-144. 

^ Mem. Geol. Surv. Ind., 1921, 44, pt‘. 1. 
Op. cif., 1933,63, pt. 1. 
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~ .'-ui M,.n-ar in a memoir which is now 
■'.V The paper is of value in 

• /.i.-raih-(i description of the Banded 
('..mpie'c and of the Biindelkhand 
.. ' Vithouuh the two are everywhere 
' rv- i nv a belt of Aravalli rocks, and 
r- wkHc -eeu on either side of the 
T^‘‘V niarkedly different, Gupta 

\vhli Heron in regarding them as 
-/v rhe same. He looks upon the 
and irneiss as having crystallised 
deep-seated conditions, while 
romplev with its heterogeneous 
tnm i- tijouglit to have been formed 
zone of the earth's crust, where 
w.is more opportunity for the inci- 
« of directed pressure, as well as a 
• Idiih temperature. The Aravallis rest 
,Mth with an erosion unconformity, 
fier-omnauied bv conglomerates. 


CnNTRAL FROVIXCES. 


hi i]i»‘ Central Provinces, what is un- 
donhTrdiV the most detailed' mapping that 
i,. - >0 far been attempted in Indian 
An/haaui geology has been carried out by 
l)r. L. L. Fermor and his co-workers in the 
Nagpur, Chliindwara and Bhandara districts. 
It is a matter for regret that the full details 
«.d‘ This work are unlikely to be published for 
MRiR* time to come, though summaries are to 
be found in the Director's annual reports.^- 
Tills series of Arehsean rocks, named the 
SaiMir series, are economically important for 
Tine rkdi deposits of manganese ore that they 
^.'uritain. Tiiey have been divided up into a 
number of stages which have a remarkable 
ooiistaney over the area in which they have 
so far been mapped. These stages are so 
dhiinci, and their order now so well estab- 
li 'ho i. that it is worth while giving them in 
Jii-tail here, for comparison with other areas. 
S'Uai ai- .. Hornblende-schists. 




Ju 

I 'ji 


Ii: 


ii:ia .. Pure facies : white dolomitic 

marbles, with serpentine, 
tremoUte, and diopside. 

Impure facies: diopsidites, 
actinolite schists, and schists 
with wollastonite, grossnla- 
rite. tremolite, and antho- 
phyllite. 


■woEii stage . . Muscovite- biotite-scMsts with 
autoclastic conglomerates. 


stage Quartzites and 
Hamtf k stage i quartz-schists. 


^ rO, 65^ pt. 2. 


muscovite- 


* Rec. GeoL Surv. Ind,^ 1931 59 

'■11 HEtl op. tit., 1931, 65, 100-101. 


Mansar stage 


Mnsc(K i( ‘‘ddoi it - illsin-iHif *■ 
sehisl s. w il b Inif u nl.i i 0.- I 
of inn ngaiu“-«‘ t>r« •. 


Lolmngi «ta.gc -• Pink .•••Uail !,• n.arM- 
pliyr(‘S. 

mekata stage -• Hanileil .-nU' nr.ni ■; 1 1 1 - 
Kadbikl.oi'astaw-e- M.-netil n-hi. .1 i( - ^ . 

The Buiintck was (ni.uina lly -nr-n 

a separate position, i)ul. il is 
cal with tile (Hiorha.oli slagi'. Ail ih-- 
stage, s with I'lie (>\’(U‘i)l.ion ol tin- V’li.ijcn 
stage, the liofiibleiuU'-scliisI s of uln.-li |iit«b 
ably repre.scnl. m(‘tiunor|ilio,sr(l hi \ a ilm\ . 

are now regUiia I (ol tis ol srdiuuMit ary (u omu. 

In the Bausiir lu.lisil tiini in I hr tno lliri it 
part of the lHiniUdv ladisil Miost* rcM-ks di [ilay 
a very high igrtnh. ol iu<d a inorphi -nt, f hr 
characteristic jxditic. rock Ixa'iiTr a qanof 
sillimanite - b ioti(,(‘.-scIiis( , while in flir 
dolomitic rocks Idu^ iniiuu’al wnllaamnr^ 
occurs. But irai(a‘(l to tin* sonlh and in ihr 
east the graded of nud-a.nioi'phisni <lrcir:ir-. 
so that wliilo in ilu* lundlicrn and ura.-in 
parts of tlie liIawnangainmaA t^rr oi ion ■ 

inamuseovitc-biotita^-silliinanil r* Ni’hi. I , u n fi 
or without gUrnud-, in Mm*, southern p;ul of 
the area, around the nianga ne.%r rfUiM”i of 
Kandri and Mansair, tin* <anin(iy uh k i-> 
a muscovite-phylliti* or schist, in 
biotite is very suhoialinate. In l)ofh ( 
the stage is tdu*. sannq Ixdng (^(alaui and 
underlain by tdie same ro<d<s in hoMi arra «. 
Accompanying tihe in<*.i'<*asing met a niorplo -in 
in the north tiuua*. is a. gr<*at a fninda uer 
of pegmatite iut.rusions. 

The complexity of tin*, fidiliiru in 
rocks is very gnuii,, arini \V. l>, \\ f \ ha. 
brought forward <*vi<l<me(* for tin* cM.dtmrr 
of a ^nappe’ in t,he vicinity of Deolapar, in 
the Eamtek tahsil, wlH-.r(‘l)y siigiilly tlnirifait 
lithological ;fa.e.i(^s of tlic* Sansar .rtn-A, 
originally dof>()sited far a.|)art, h:t\a- In-tai 
brought into juxta.posit ion u ith onr 
another. 

In addition to t.lM‘S(*. nu*t ainorpliosrd ; rtb 
nientary rocks, t lan’ii a.r(‘ a. warjri v of poi 
phyritic and fiiu'. gruiiiu'd granites, peqina 
tites and ortlio-giMn’ssrss wliieh are yonuLfri 
than the Sausa.i' se.i'i(‘s. ddune is al a 
gneiss which luis goiM*. hy Mm* *ceneral mini,* 
of 'streaky in plaerss this oeni. 

pies as great an, area a,s Mj<‘ Sansar >erie>. 
It has been Bhown by VVesst Mial imirli oi 
this rock is really a (‘ompositr* or in jecn ion 
gneiss, formed by the intimate* pmadratmii 
of an Igneous graiu-ditn of gramHiimitie 


Mec. Geol, Surv*' I h(L.^ I <),*] 1 , 65, I n^M ( U . 
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composition by abundant veins of aplite/^ 
Similar injection has affected the more 
schistose members of the Sausar series, 
especially the Mansar stage. All these 
gneisses are definitely younger than the Sau- 
sar series, and there seems to be nothing in 
this area comparable to the banded gneissic 
complex of Eajputana, upon which the 
Sausar series might have been laid down. 

To the south and south-east of this tract 
of the Sausar series there occurs an area of 
very much less metamorphosed rocks, known 
as the Sakoli series. These have been 
studied by D. S. Bhattaeharji and S. K. 
Ohatterjee, who have shown them to con- 
sist of phyllites and slates, hsernatite-seri- 
cite-quartzites, chlorite- schists and jaspi- 
lites.^'^ They are mostly separated from 
the Sausar series by alluvium ; but where 
the two series are seen adjacent to one 
another the evidence suggests that the 
Sakoli series are but the upward continua- 
tion of the Sausar series. The much lower 
grade of metamorphism is due, according to 
Ohatterjee, to their having suffered retro- 
grade metamorphism. They will be referred 
to again below. 

Bihar and Orissa. 

Turning now to the third area in northern 
India where detailed work has been done, 
Bihar and Orissa, we find that, excluding 
younger pre- Cambrian rocks which are 
perhaps of Cuddapah age, there are three 
distinct lithological series of Archaean age, 
as follows : 

Iron-ore series, with Dalma volcanic flows 
and tuffs at tlie top. 

(langpur series, limestones and schists with 
manganese ore. 

Older Metamorphic series. 

The oldest, composed mainly of liorn- 
blende-schists and quartzites, resemble litho- 
logically the Dharwars of South India. 
The Gangpur series, recently mapped by 
M. S. Krishnan, show a considerable resem- 
blance to the Sausar series.^'* Dr. Former 
has always maintained that the manganese 
ores of India very probably occupy a single 
horizon within the Archaean, and in Gang- 
pur State the presence of manganese ore 
and of both calcitic and dolornitic lime- 
stones suggests a correlation with the Sausar 


14 Op, cit., 1933, 67, 304. 

Op. cii., 1929, 62, 132-133 and op. cit, 65. 
Op. cit., 1933, 67, 63-65. . 
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series. These rocks are separated from the 
Iron-ore series by a belt of crushing, so 
that the relation between the two is ob- 
scure. They bear, however, no lithological 
resemblance to one another, although found 
in adjacent tracts. The Iron-ore series are 
found resting with a strong unconformity 
upon the Older Metamorphic rocks, as 
first shown by H. 0. Jones.’* They are too 
well known to need description, but J. A. 
Dunn’s recent memoir brings out well the 
way in which a single series of rocks may 
show very different grades of metamorphism 
in different places.’'^ In South Singhbhum 
the Iron-ore series is little metamorphosed 
or disturbed ; but northwards both the 
nietamorphism and the folding increase, 
until in I^orth Singhbhum the rocks are 
highly metamorphosed and severely folded. 
Previously the Iron-ore series, partly on 
account of its little metamorphism in South 
Singhbhum and partly on account of the fact 
that it rests unconformably on older meta- 
morphic rocks, had been regarded by Jones 
as likely to be of Cuddapah age, the under- 
lying metamorphic rocks being referred to 
as Dharwar. Both these series are now 
included by Dunn within the Dharwar 
system, using the term Dharwar as synony- 
mous with metamorphosed Arcluean sedi- 
ments and including all the schists below 
the Bparclioean unconformity. The chief 
reason he puts forward for supposing them 
to be older than Cuddapah age is that they 
are intruded by gneissic granites which are 
themselves intruded by dolerites (in places 
metamorphosed to epidiorites). And since 
no intrusions of dolerites have been known 
in Peninsular India between Cuddapah and 
Rajmahal (Jurassic) times, it is deduced 
that the Iron-ore series, the granites, the 
dolerites, and the folding and metamor- 
phisni are all older than Cuddapah, and 
therefore xircha^an in age. 

The Chota Nagpur granite-gneiss, and 
the Singhbhum and otlier granites, have 
been studied in detail by Dunn and by 
L. A. N. Iyer.’’’ They are intruded into the 
Iron-ore series, but are all regarded as 
Arcluean in age. The reaction between 
these granites and the' country rocks, which 
has given rise to hybrid rooks and synantetic 
minerals, is discussed by Iyer, who has also 


Op. cit, 1922, 54, 41. 

1® Mem. Geol. Sure. Ind., 1929, 54. 

16 Ibid., chaps. X and XI ; and Rec. Geol. Surv. 
Jnd., 1932,65, 490. 
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furnished a mimher of chemical analyses of 
the various granites. 

South India. 

In 1886 E. Bruce Eoote mapped the rocks 
around Bellary and Dharwar, south of the 
great Deccan Trap outcrop. The belts of 
schistose rocks which overlie the main 
gneissic foundation, consisting of hornblende 
schists, chlorite-schists, quartzites, banded 
haematite- quartzites, limestones and conglo- 
merates, were named by him the Dliarwar 
system, and were thought to overlie the 
gneisses unconformably, which were therefore 
regarded as the older. Subsequent work, 
however, lias shown that these gneisses 
frequently show intrusive relations towards 
the Dharwars, and they are now regarded 
as younger. As regards the nature of the 
Dharwars, it was formerly assumed that, 
apart from the hornblende schists and 
epidiorites, the majority were metamorphos- 
ed sediments. Of late, however, the Mysore 
Geological Department have concluded that 
nearly all the rocks of the Dharwar system 
are of igneous origin, while the conglo- 
merates are regarded as autoclastic. This 
point of view is summarised by W. P. 
Smeetli in ^An Outline of the Geological 
History of Mysore’, in Bulletin Ho. 6, 
Department of Mines and Geology, Mysore 
State. With reference to this change of 
view, C. S. Middlemiss in 1919 wrote as 
follows 

‘ So far I think I am right in saying 
that no graphic representation of 
these extraordinary wholesale transforma- 
tions of granites, quartz-porphyries and 
other igneous rock types, into schists, 
conglomerates, limestones and quartzites, 
has as yet appeared from the pencil of any 
of those responsible for the statements,’ 
So far as I arn aware this detailed informa- 
tion is still not forthcoming, though it may 
probably safely be assumed that some at 
any rate of the rocks formerly regarded as 
sedimentary are of igneous origin, and that 
some of the conglomerates are autoclastic. 
It appears, however, that not all the 
geologists of the Mysore Geological Depart- 
ment are in agreement over the origin of 
these rocks, B. Eama Eao in particular 
suggesting that some of the crystalline 
schists may be metamorphosed sediments.-" 

20 Rec. Geol. Surv, Lnd., 1S86, 19 , 98. 

21 Proc. Soc. Beng.^ 19.17, 13 , cxcviii. 

. 22 Mysore GeoL Dep,^ 1922, 21, 186 ,* op, cit., 
1924, 23 , 128 ; and op. cU„ 1925, 24 , 144-147, 


In the above-mentioned paper Smeeth 
describes the Dharwars as being broadly 
divisible into an upper group consisting 
mainly of chlorite-schists, and a lower group 
consisting mainly of hornblende-schists. 
The granites and gneisses, now regarded as 
younger than the Dharwars, cover by far 
the greater part of the area. They include 
various types, of which the more important 
are the Champion gneiss, the peninsular 
gneiss, the Charnockite series, and the 
Closepet granite, in order of age. An 
account of these is given by Sarapat Iyengar 
in Iiis presidential address before the Indian 
Science Congress."^ 

Compared with the Archaean rocks ^ of 
other parts of India, the true Dharwars 
of the Dharwar district are lithologically 
similar to the Champaner series in Bombay, 
which have now been shown by Heron 
to be identical with the Aravalli system 
of Eajputana.-^ It is possible that the 
Aravalli rocks are continued southwards 
beneath the Deccan Trap to emerge in 
Dharwar and Mysore as Dharwar rocks. 
Eecently considerable attention has been paid 
to some mauganiferous marbles, spessartite- 
rocks and tarurites (veined hornblende- 
schists with secondary pyroxene) wliich occur 
near a place called Sakarsanhalli, in the 
Ivolar district of Mysore State. Dr. Fermor 
considered these rocks similar to the 
mauganiferous rocks in the Sausar series."''^ 
They were thought by B. Jayaram of the 
Mysore Geological Department to belong to 
a low horizon in the Dharwars, or even to an 
older series. Later they were examined 
and mapped by P. Sampat Iyengar, who 
conclnded that these varied rocks are not 
metamorphosed sediro.ents or in any way 
comparable to the gondite series of the 
Central Provinces, but are altered phases 
of the hornblendic rocks, the alterations being 
brought about by the contact metamorphism 
of acidic intrusions and subsequent meta- 
somatic or meteoric changes."' As, however, 
he applied a similar origin to the calc-granu- 
lites of the Sausar series which he saw at 
Utekata, . about the sedimentary origin of 
which there is now not the slightest doubt, 
his conclusions regarding the rocks at 
Sakarsanhalli may be questioned. However, 


23 Proc. Seventh Ind, Sci. Congr., 1921, cxv. 
2^ Rec. Geol. Surv. Ind., 1934, 68 , pp. 24-25. 
25 Op. ch., 1926, 59 , 92. 

Bee. Mysore Geol. Dep., 1923, 22, pt. 2, 35. 
27 Op. cit, 1931,30, 14-18. 
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in a very recent paper by M. B. Eama- 
Chandra Eao and K. Sripada Eao on the 
origin and correlation of these rocks, the same 
conclusion is reached that they are altered 
phases of the hornblende-schists of the lower 
division of the Dharwars and not meta- 
morphosed sediments.-^ For the time being, 
then, the origin of these rocks must remain 
uncertain, though it is evident that they are 
very similar lithologically to parts of the 
Sausar series. 

Correlation. 

A condensed statement of the ArchiBan 
rocks in different parts of India has been 
given by J. A. Dunn.-'^ This is of value in 
drawing attention to the difficulties of the 
problem, but his final table of correlation 
probably requires modification. For reasons 
given at the beginning of this article, it is 
impossible at present to correlate the 
Archaean rocks of the various tracts in India. 
But certain lines along which this may 
ultimately be accomplished are becoming 
clearer, and may be referred to briefly here. 

Dr. Fermor has advanced the view that 
the manganese ores in the Archaean rocks of 
India are likely to be all of one age, and he 
has accordingly suggested that all Archaean 
rocks which contain syngenetie manganese 
should be taken to be of the same age, 
especially if they are associated with crystal- 
line marbles, as in the Central Provinces.'*^’ 
Tlie correlation of tlie Sausar series in the 
Central Provinces with the Gangpur series in 
Bihar and Orissa is a natural consequence of 
this hypothesis. Further, he has suggested 
that tlie Iron-ore series of Bihar and Orissa 
may be the same as the Sakoli series in 
the Central Provinces, both containing 
haematite rocks, and both being devoid of 
marbles. At any rate it seems safe to 
suggest that the Sausar series and Sakoli 
series are together equivalent to the Gangpur 
series and Iron-ore series. 

As regards the other Archaean tracts in 
India, it has already been indicated that the 
Aravallis of Eajputana and the Champaners 
of Bombay are litliologically similar to the 
Dharwars of South India, and it is possible 
that the two are continuous beneath the 
Deccan Trap of the Bombay PresidencjL 
Thus, viewed broadly, we seem to have two 
belts of Archsean sedimentary rocks in 


Bull. Mysore Geol. Dep., 1934, No. 14. 
20 Aust. Assn. Adv. ScL, 1920, 18, 291. 

30 Bee. Geol. Surv. Ind., 1926,59, 80. 

31 Op. cit., 1933,67, 65. 


India, within each of which the rocks can 
be roughly correlated ; tlie Aravalli-Champa- 
ner-Dharwar belt, with a meridional exten- 
sion, and the Central Provinces-Bihar and 
Orissa belt, with an equatorial extension. 
The difficulty arises when we try to find 
some common factor between these two 
belts which may be of correlative value. If 
we try to correlate the Sausar series of the 
Central Provinces with one of the three 
metamorphosed sedimentary systems in 
Eajputana on lithological grounds, it seems 
clear that they bear most resemblance to 
the Delhi system, with its calc-gneisses, 
mica-schists and quartzites. But the fact 
that manganese occurs in the Ohampaner 
series, which is the same as the Aravalli 
system, suggests, as Dr. Fermor has pointed 
out, a correlation of the Sausar series with 
the Aravallis, though the two are not parti- 
cularly alike litliologically.''- This separa- 
tion of the Archsean tracts into two belts 
on structural and lithological grounds should 
not be allowed to obscure the probability of 
the Aravalli strike in south-east Eajputana 
curving round so as to join up with the 
E.-W. strike of the Central Provinces. The 
completed mapping of the older rocks of 
Eajputana shows that in the south the 
strike splays out to the south and to soutli- 
east before it x>lunges beneath the later 
Deccan Trap, as a glance at the new 
geological map of India will show. And it 
is quite possible that the south-eastern wing 
continues on beneath the Deccan Trap 
towards the Arclia^-an rocks of the Central 
Provinces. It is true that some of tlie 
manganese in the Champaners may not be 
of syngenetie origin ; but the occurrence of 
manganese ore of true gonditic affinities in 
Aravalli pliyllites in Jliabua State certainly 
suggests an affinity between, the Sausar 
series and the Aravalli system. The only 
alternative is the possibility that there are 
two horizons of manganese in the Arclnean 
rocks of India, which Dr. Fermor thinks un- 
likely. As a possible means of correlation 
between the Central Provinces and South 
India, the manganiferous rocks at Sakarsan- 
halli, in Mysore State, have already been 
referred to. But the present uncertainty as 
to their origin makes their value for 
purposes of correlation rather doubtful. 
The only other similarity that one can point 
to between the rocks of the two belts is the 
lithological resemblance between the Older 


32 Op. cit., 1934, 68, 26. 
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Metamorphic series of Biliar and Orissa and 
it DliarVars of Sontli India. This correla- 
lion. however, introduces several difficulties. 

Finally, considering broadly the ancien 
raetanioipliic rocks of Rajputana, it will be 
found that they differ from those in other 
parts of India in two main respects. {1} 
They include a basal gneissic complex, upon 
which the metamorphosed sedimentary 
rock.s rest unconformably, in contrast to 
other Archsean tracts in India where the 
ortho-gneisses have in every ease been 
proved to be younger than the sedimentary 
schi.ns. (2) They include three or four 
distinct systems'' of rocks separated by 
marked unconformities. This fact has led 
Heron to believe that the Delhi system is a 
post- Archaean formation.®' The high degree 
of metamorphism and folding to which the 
Delhi rocks have been subjected is regarded 
as a phenomenon which was peculiar to 
Rajputana at so late a stage in pre-Cambrian 
times. On this assumption there are two 
alternatives. 

( 1 ) That the Delhis were roughly con- 
temporaneous with the Cuddapahs, and 
that, as Heron has put it : 

‘ They owe their folding and the related 
intrusion of granite batholiths to a 
special local upheaval in Rajputana which 
did not affect the rest of India, or to local 
persistence of disturbance in Rajputana 
after it had almost died out elsewhere.’ 

(2) That the Delhis are older than the 
Cuddapahs, but have no equivalents in 
other parts of India. 

This is probably about as far as one can 
safely go at present with regard to correla- 

Mem. Geol. Sun-. Ind., 1917. 4S, pt. 1, pp. 
110-116. 


tion. But the iwlvunces wiiieh hiivc- been 
made in our knowledge', of Mh' Arclueaii 
rocks of India during tlie past ten or (welv(' 
years have been so consid('r;ible, ( hat om- 
maybe fairly hopeful a.s 1;o i.ln' eventual 
solution of many of (die prolilenm which to- 
day seem so punzling. Dr. Fi'rmor is 
believed to bo reviewing the Areluean rock.s 
of India in a eomprehensivi^ nianncir. The 
publication of his eonehi.sions, based as Mii'y 
are upon an exceptional expmdene.t'. of ( he 
Areluean rocks of most jiarl.s of India-, will 
be looked forward (o witdi grimd, inti'resi. 

In the accompanying tabh', sununa-rising 
the classilication of the older rocks in l lu' 
four chief tract. s in India, (.iiat hav<^ so far 
been studied in del.ail, no eornda.tion i.s 
intended between one area, and another. 


Kajpiitaiui 

(Nml ral Ih’ovi mass 

Delhi system 

i 

( )rth<>-gn(‘issi‘s 

Eaialo series 

Sakoli S(*ries 

Aravalli systi^m 

Sa.usa r seri(‘s 

Bundelkhand ^n(dss aiul 
Gneissic coini)lox 


Bihar and Orissa. 

i 

Smith India 

Granitic rocks 

( ^ithla pah sysl ein 

Jron-ore series 1 

Ort lio-gneissrs 

Gangpnr series 

I >}iaiavar s>‘st eni 

Older metamorphies 



Technological Researches at the University of the Punjab. 


TA* recognition of the valuable researches of 
-*■ basic importance to the Petroleum 
Industry conducted by Dr. S. S. Bhatnagar, 
Director, Punjab University Chemical Labo- 
ratories. Messrs. Steel Brothers Company 
Ltd.. Agents, Indo-Barma and the Attoek 
Oil Company. Ltd., have placed at the 
disposal of Prof. Bhatnagar, a sum of 1| 
lakhs of rupees for research work on 
Petroleum and Allied subjects which will be 
paid in equal instalments over a period of 
five years. Messrs. Millar and Ward, Agents 
of Messrs. Steel Brothers, made a lumpsum 
grant to Prof. Bhatnagar as a personal 
gift, but the Professor offered to place the 


money at the disposal of the I‘iinja,b I'nivcr 
sity, an oll'or whii'.h wa,s (ihaiikfully ac<'cp(-- 
ed, with a view to ina,ugui'a(.ing a- di'part 
ment of Petroleum licsca.rch umb'r lii.s 
guidance. 

One of the fealam'-s of (.ho sclu'inc is (,ha( 
all results of a patc.nta.))lc md.iii'o will be 
exploited jointly by Messrs. Steel Drol hi'is 
and Prof. Bhatnagar and/or his clu'iuisls 
and the profits will be sharc'd (a|ua.lly be- 
tween the Company and tlu^ pa.rl,ies eoneern- 
ed. Dr. Bhatnagar proposi's to giv<‘. (lu^ 
University a largo share of his jirolits for du'. 
furtherance of scientific, industrial and 
medical research in the University. 
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Intra-Molecular Rotation in Organic Compounds. 

By M. A. Govinda Eau, m.a., Ph.D. 

Deparbyient of Fliysics, Indian Institute of Science, Bangalore. 


A MO.NG the movements that the atoms 
can perform inside a molecule, that 
which is of special interest to the organic 
chemist is the so-called ‘‘inner rotation/’ 
i.e., the rotation of molecular parts about 
each other. The degree of this internal 
freedom is also of great significance in 
the study of the physical properties of 
molecules, such as dipole moments and 
specific heats: thus in any quantitative 
calculation of the specific heat of a mole- 
cule from the data on the fundamental 
oscillation frequencies provided by Eaman 
spectra, the degree of internal rotation must 
also be taken into consideration. It was 
one of the fundamental assumptions in 
organic chemistry that atomic groups bound 
by double or triple bonds could not rotate 
about each other, but when they were joined 
by only a single bond a free rotation should 
be expected. The limitations of this concept 
have been made evident from two typical 
investigations. L. Ebert^ has shown that 
cis and trans ethylene isomers can change 
each into the other at temperatures not by 
any means high, and reach an equilibrium 
state. On the other hand, by the resolution 
of diplienyl derivatives containing two or 
more substituents in the 2 2'6 G' positions, 
into optical antipodes by Mills, Adams and 
others, “ it has been shown that the rotation 
about a single bond is not always free, but 
can be strongly restricted through the influ- 
ence of substituents. The point is thus 
clear that rotation about any bond is a possi- 
bility and that rotation about each type of 
bond can be restricted to different extents 
according to the conditions prevailing inside 
the molecule. In recent years’’' the mathe- 
matics of quantum and wave mechanics have 
been applied to this problem by Mullikan,^ 
Slater,'^ Pauling,*''’ Iluckel,^’ Dunkel,' Penney,*^ 


1 L. Ebert and R. Bull, Physlkal Ch:{A.), 1931, 

152, 451. 

- E. Adams, Chemical Rev., 1933, 12, 261. 

* One of the earliest attempts at a quantitative 
interpretation of intra-molecular rotation seems 
to be that of IT. Sachse, Z. Physikal Ch., 1893, 

11 , 185. 

3 R. Mullikan, Phys. Rev., 1933,43, 279. 

4 J. 0. Slater, IhiL, 1931, 37, 481. 

3 L. Pauling, J.Amer. Chem.Soc., 1931,53, 1367. 
<5 E. Hiickel, Z. Physik., 1930, 60, 423. 


and Penney and Sutherland.^ Summary 
reviews of this subject from special points 
of view have also been very recently 
published.^® 

The causes for restriction of rotation can 
be classified into (a) steric forces, {b) 
multiple bonds, and (c) energy troughs. In 
general the mechanism for the restriction 
of rotation is that the potential energy 
between the rotating parts of the molecule 
is not independent of the angle of rotation, 
but changes with it. Let us take a simple 
case where the potential energy- angle of 
rotation curve has the shape shown in Fig. 1 



[dacb d), with two energy minima a and b. 
At a particular liigh temperature, the kine- 
tic energy of the rotating parts of the mole- 
cule can be represented by the dotted line 
d' a' o' V d'. Such a line will have a maxi- 
mum where the potential energy has a 
minimum, and represents a fully developed 
rotation. When the temperature is reduced 
the line of kinetic energy will sink, 


7 M. Dunkel, Z. Physikal Ch. (B), 1930, 7, 81. 

8 W. G. Penney, Proc. Roy. Soc., 1934, 144, 166 ; 
Proc. Phys. Soc., 1934, 46, 333. 

W. G. Penney and G. B. B. M. Sutherland, J. 
Chem. Phys., 1934, 2, 492. 

P.C. Ilenriquez, Chem. Weekhlad., 1934,31, 2. 
E. Hertel, Z. Elektrochem., 1934, 40, 405. 

H. Mark, Ibid., 1934, 40 , 421. 
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and at some low temperature there will be 
points where the kinetic energy is zero 
(A. B. C and D). The rotation is then no 
more fully developed, and the points A, B, 
C and D represent inversion points. There 
will be notv onlv oscillations about the 
minima a and b. As all the molecules do not 
have the same “temperature’ at any instant 
of time, tliere will be a mixture of molecules 
with small oscdllations, with large oscilla- 
tions. and with fully developed rotation. The 
intra-moiecular rotations will be quantised. 
The lower the temperature becomes the 
more the inoleenles with small oscillations 
will predominate; quantitatively this can 
be expiessed by the Maxwell-Boltzmann 
law of distribution. If the average oscilla- 
tions about a and b are very small, we can 
speak of two isomers, ‘^rotation isomers”, 
the one characterised by the minimum a 
and the other by the minimum b. The 
velocity with which these isomers can pass 
into one another is determined by the 
energy levels c and fZ, and the equilibrium 
between them by the energy difference AU 
between a and b. 

Steric Forces. 

Steric force is a better and more precise 
name given to the organic chemist’s mecha- 
nical concept of steric hindrance. From a 
large amount of systematic and semi- 
quantitative work,- chemists have come to 
the conclusion that in ortho-substituted 
diphenyl derivatives, the rotation of the two 
benzene rings is restricted not by the 
number but by the size of the substituents. 
The dipole moments of a series of simple 
di-substituted diphenyl derivatives have 
been recently measured'^ in order to study 
quantitatively the nature and degree of 
restriction of rotation. Weissberger 
believes that London forces of attraction 
between substituents even though of the 
same sign, come into play when they are 
near enough together, and. thus contribute 
to the restriction of rotation. The question 
however, is complicated on account of the 
still unknown nature of electronic shifts 
from one ring to the other. The existence 
0 . yet another reason for the reduction of 


Ck ®^“Sewald, Z. Physih 

30, St>^ ’ ’ Gratis. Farad. S’oc., 193. 

157 Z. Phynl-al Ch. (B), 1934, 21 

30, "Lt Farad. Soc., 193- 


freedom of rotation in the diplicnyLs will he, 
referred to later. 

Another case of restriction of frc.c rotaXion 
by steric forces is to be found in <*.om- 
pounds of the typo Oa.p whore a is ;i noii- 
axial symmetric siibstitueiit of l,vp(‘ 

CH,OH, OCJT„ CII/)]NO„ OirjL‘, ele. If 
a complete free rotation of su(di substitinnil.s 
about the four tetrahedral val(Mud(^s of lUe 
central carbon atom were possibh^ (dum 
the moment of the molecule will not bi^. z( 0 ’() 
b ut w ill have a definite viilind ' giv^m by 
V^-ljn’yfc = 2/.t/. where /t-c/,, is tlio (‘.ompoinudi of 
the group moment perpendicuhir to th(‘. a^xis 
of rotation. However siiic(^< som(^ of tlu‘ 
compounds like C(CUVBi*)., lia.v<‘, zeu’o 
moment, and the moments of (h(‘. otilun* 
compounds do not change witli teinperaiaircq 
it is generally concluded that due to la.ck of 
space for complete rotation or to tin'. Ingh 
I intra- molecular fields, the groui)s in 
molecules do not freely rotate but ta.k<‘ up 
definite oriented positions.''^ 

It would appear that free rotal-ion is als<y 
annulled in the crystal state. TIk^, magmda’e. 
susceptibility measurements of Krishnan‘‘‘ 
and X-ray studies of Ilertol"’ have shown 
that in di-, ter- and quator-phenyls, tlu‘. 
benzene rings all lie in one lia(9iix(ul in 
definite relative positions in the same phuie. 
This phenomenon of fixing tlm rings in t.lic'. 
crystal state shows interesting possihilif/uvs.’ • 
Thus, m w' diphenyl, although it <*.anno(i 
occur as stable cis and tram isonnu's (;a.n 
fixed by suitably crystallising th(‘. substa-mu*. 
in these two isomeric forms. Probably on 
account of the still feebhj forc'.es b(djW<u‘.n 
the two m m' substituents a tram form will 
be more exclusively obtained ; but a, :> ;E 5 [>' 
tetra substitued compound should bo, 
capable of being more easily fixed in thc^ two 
isomeric forms. Such an isomerism would 
belong to the type called “ (crystal laittdtu^ 
isomerism’, that has been partieula.rly 
studied by HerteP'^ and others in a< difforirn't 
case of inter-molecular compounds. 


"" (B), 1020,2, 151. 

O.T. Zahn, Physical Z., 1.022, 33, 400. 

L. WoQvt, Lei'pzUjer Vortrage, 1020, 05. 


18 -Cl TT J .j. au/. 

^teJdrochem.f 19.21, 37, 520. 
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Interesting in this connection is the prob- 
lem of restricted rotation about a single 
bond in a closed ring wliicli does not seem 
to have been submitted to theoretical or 
otherwise quantitative investigations. 
Sachse^'*, and Mohr-^ have postulated a 
restricted rotation in the cyclohexane ring 
so that an alternation between the eis and 
trans forms of this compound is possible. 
From his electron interference measure- 
ments WierP^ concludes that cyclohexane 
is an equilibrium mixture of the els and 
trans, or what are more picturesquely 
called boat and chair forms. The measure- 
ments by O. HasseP- of the dipole moments 
of cyclohexane derivatives have yielded no 
definite conclusions. Le Fevre,-- however, 
regards that the observed moment of 1 : 4 
cyclohexadione is in agreement with a 
dynamic equilibrium between the eis and 
trans forms : and K. L. Wolf-’^ has sought 
to explain the very high negative Kerr con- 
stant (-713) of paraldehyde on the basis of 
the cis and trans forms of the molecule. 

Multiple Bonds. 

The power of the double bond between 
carbon and carbon, or carbon and nitrogen 
to completely hinder free rotation about it 
so that only two stable equilibrium positions 
exist cis and trans, or syn and anti, is well 
known. The precise electronic mechanism 
which prevents the free rotation about the 
double bond has been worked out by Mulli- 
kan,*^ IliickeP and Penney^ However, on 
account of the considerable polarisability of 
the double bond compared to a single bond, 
this restricting power of the double bond is 
susceptible to strong modifications by the 
presence of substituents. The power for 
each specific case can be expressed in the 
shape of a potential energy-angle of rotation 
curve, which will have a form shown in 
Fig. 2 with two deep and sharp minima 180° 
apart. The height of the energy barrier 
between them could be calculated theoreti- 
cally for some simple cases,"^ or derived from 
various physical measurements. Thus from 
a study of reaction kinetics, in the case of 

H. Sachse, Z. Physlkal Ch., 1892, 10 , 203; 
Ber., 1890, 23, 136.5. 

20 E. Mohr, J. PraJdisch Ch., 1918, 98, 315. 

21 R. Wierl, Ami. der Physik., 1931,8, 559; 1932, 

13, 453. 

22 0. Hassel, Trans. Farad. Soc., 1934,30, 876. 

R. I. W. Le Fevre, ibid., p. 874. 

23 K. L. Wolf, Leip. Vortrage, 1929, 129. 


the fumaric and maleic acids H5jendahP^ 
found a value of 15*8 k. cal. per mol. and 
in the case of dimethyl maleate and fumarate 



Fig. 2. 

Hellos and Kistiakowsky-'^ found a value 
26*5 k. cal. Again from the fundamental 
twisting frequency for ethylene**’ the value 
of the energy barrier between the eis and 
trans forms could be estimated*^ to be about 
30 k. cal. Ebert and Bull*'^ find that at a 
temperature of 300°C., this energy barrier 
could be crossed over in the case of the 
symmetrical dichlor ethylenes. It was also 
observed that the cAs form was the more 
stable of the two, the equilibrium mixture at 
this temperature consisting of 65% cis and 
35% trans, and the energy difference 
beWeen the two was estimated as 530 
cal. /mol. Altliough this result is contrary to 
what one would expect from the dipole 
forces alone, when other influences arc taken 
into consideratioir'’ such as the London 
attraction (dispersion effect) between the 
substituent atoms, and the polarisation of 
the double bond by the strong field density 
produced by tliem in the cis position 
(induction effect), it could be shown that 
the observations stand theoretically 
supported. In as much as the induction 
effect on the double bond for the cis 
compound is very pronounced, it will be 
interesting to co-relate this with the observ- 
differences in the intensity and magni- 
tude of the C=C frequencies given by the 
Raman spectra of these two isomers. 


2<i K. Hojendahl, Phys. Chem., 1024,28, 758. 
2^5 M- Nelles and Gr. B. Kistiakowsky, A mer. 
Chem.Soc,, 1932, 54, 2208 ; 2^. Physlkal Chem,, 
1931 , Bodenstein 13and, 369. 

26 A. Eucken and A. Parts, Z. Physikal Ch. (B) , 
1933, 20, 192. 

27 W. Cr. Penney, Proc. Phys. Soc., 1934,46, 333. 

28 L. Ebert and R. Bull, Z. Physikal Ch. (A), 
1931,152, 451. 

29 H. A. Stuart, Physikal Z., 1931, 32, 793. 

39 Bonino and Brul, Z. Phys., 1929, 58, 194. 

M. Pestemer, TFifyierBer.,IIA, 1930,139, 667. 
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EXEEGT Troughs. 

In contrast to the double bond the charge 
distribution in a single bond has a rotation 
symmetrx. and a completely unhindered 
free rotation should be expected provided 
there is no interaction between the sub- 
stltuents or between the substituents and the 
carbon atoms. This ideal case is almost non- 
existent in the whole field of organic 
chemistry. Thus Penney® has shown that 
even in "the simplest case of ethane, both 
by the H-L-P-S, and H-M methods of 
approximation, there will be free rotation 
of the CH3 groups around the C-C axis onh/ 
if the interactions of any H atom with the 
distant 0 and H atoms are neglected. 
Wlien. however, the H-H interactions are 
allowed for, the azimuth <p around the C-C 
axis of one CH2 group with respect to the 
other will appear implicitly in the H-H 
exchange integrals, and the energy will be 
no more independent of f. The general 
form of the energy curve can have a number 
of maxima and minima or energy troughs. 
Koenig"^ has considered the dynamics of a 
very general case where the potential field 
has n maxima and minima in the range 
0<ci<27r: and, Eyring^- has calculated the 
complete shape of the curve for the case 
of ethane, and finds three maxima corres- 
ponding to three paired hydrogen positions 
and the accompanying three minima corres- 
ponding to the irans positions of the hydrogen 
atoms. The separating energy wall is only 
350 cal./moL so that at room temperature, 
where the mean energy ET - 600 cal. /mol. the 
molecule can go from one trough to another 
and execute a complete rotation. But if the 
temperature is lowered this should be no 
more possible, and the molecule can perforni 
only oscillations about the energy minima. 
Eucken and Weigert^® have been actually 
able to show from measurements of molar 
heat over a large range of temperatures 
down to 143 T, that at low temperatures 
ethane behaves as a restricted one dimen- 
sional rotator, performing only oscillations 
about a minimum energy point. If a 
complete free rotation were possible then at 
tliese low temperatures, where the other 
inner d egrees of freedom are not yet .deve- 


H. B. Koenig, Phijs. Rev., 1933, 44, 657. 

Chem. Soc,, 1932, 

(Bk ' 

C. Wagner hid. (B), 1931 , u, mg, 

L. Kbert, Leip. Vortrage, 1929, 44 . 


loped, the specific heat should be b i l~-7 
calories, while actually it is of the order 
7*4: this excess is due to tlu^- oseiiladory 
motion which has two de^^rees of fiaHHloni 
one for the potential ciKU'gy and a.nolher 
for the kinetic energy, .By a simultaaUMius 
comparison with the specilie heat of ethyUnu^, 
where there is no inner rotation ])()ssible, 
the iimrease in specilie luuiti ovei- a, 
rotating model can be qna-utiljiiivady 
accounted for if tlie potential eiuu’gy ha.ri*it‘.r 
is taken as 350 cal./mol. a value wliicdi agnuss 
beautifully with that ealcul;it<ul by Eyring. 
At room temperatures only about r)()\Vo of 
the molecules have any inner rota-t.ion, a.nd 
among them 45% liave (juaiid.iuu uundxu* 

1 oscillation) and 5% riuautuui lunnlxu’ 

2 free rotation). 

In the case o£ substituted, otluines, 
energy curve will be more compliiaitixl, tlu‘ 
energy minima being of difiermit (I<>,{)tfiH 
and occupying dillerent positions. An 
instance where this curve has Ixnm worked 
out in some detail is that of syrnnudricail 
dichlorethane.'^'^ Tiie cahuilated r(dadion 
between the distribution of th(‘, inohuadc'! 
into its various energy lovuds, a-ud t4u» 
effective dipole moment at diUVrent timiiie- 
ratures,^'^ has been substautiatiul by (atreful 
experimental work,'’*' and vice versa, from 
the experimental values of monunit, t.he. 
magnitude of the intra-rnohxaila-r forces 
have been estimated. A consi(l<u'ab]('. volnriu^ 
of work has been turncxl out r(‘garding th(^ 
possible degrees of rotation insid(^ mohxmUss 
and their bearing on tJie observexi <Iiix)l(‘ 
moments, ever since th(^ first paipiu’s on f-his 
subject were published by llbieudabl aaid 
Williams.^" 


3^ E. H. L. Meyer, Physlkal (Ui, (B), loan. 
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The existence of oscillations about a 
position of minimum energy has also been 
substantiated by X-ray interference dia- 
grams.^*® Evidences for such positions of 
minimum energy seem also to be obtained 
from the Eaman. spectra of a number of 
molecules, and are neatly marshalled out 
•in one of Kohlrausch’s recent reviews. 
However, the possibilities of these physical 
measurements to yield more quantitative 
informations regarding the intra-mole- 
cular rotation, have not been completely 
investigated. 

When the two rotating parts are suffi- 
ciently separated as by introducing a 
benzene ring between them, the energy 
barriers can be smoothed down, and complete 
rotations made possible: such instances 
are to be found in ]?>-xy]ylene dichloride, 
j;-quinone dimethyl ether, etc.'^^ 

If there are more tlian one substituent 
in each of the methyl groups of ethane, 
there will be in general three pronounced 
energy minima, with appreciable energy 
barriers, and at low temperatures there 
will be a mixture of three rotation isomers, 
characterised by three equilibrium positions. 
Wolf‘^‘ has shown tliat such rotation isomers 
exist in the case of tartaric acid and di- 
benzyl derivatives, whicli are symmetri- 
cally substituted ethane compounds of the 
type 



In the meso form of these compounds tlie 
substituents a, b and c are so j)laced that 
all three can simultaneously occur in the cis 
or trans positions, while in the optically 
active form they cannot do so. If a 
complete free rotation were ]30ssible about 
the C-C link, both forms of the molecule 
will have identical moment. As this is not 
the case, and the active form has in general 
a higher moment (at the ordinary temper- 
atures) than the ineso form, it is obvious 
that in the latter the molecnle tends to get 
fixed more in the completely Irans position. 
Thus at T=0, the meso form will be Qxed in 
this position, and the moment will be zero. 


38 p. Erhardt, Physikal Z„ 1932,33, G05. 

33 K. W. F. Kohlrauscli, Natunoiss., 1934, 22, 
166. Z. iniysikal Ch. (B), 1932, 18, 61. 

'^3 A. Wolssberger and R. Sangevvald, Physikal 
Z., 1929,30, 792. 

K. L. Wolf and W. Bodenheimer, Zeii. 
Physih, Ohem., 1931, Bodenstein band, 620, 
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while for the active form the moment will 
be a finite value — (since all Imns positions 
cannot simultaneously occur). As the 
temperature is increased, on account of the 
fact that in the meso all the cis positions 
are simultaneously possible, the moment 
will reach a higher maximum than the cis, 
and the two curves representing moment vs. 
temperature will be separate and cross each 
other at some particular point. If we 
regard each form to consist of three isomers 
in equilibrium, with different optical rota- 
tions, then as the temperature rises the 
ratios between the isomers will shift and 
thus also the total optical rotation. 
Row, Lucas‘S- lias shown that in order that 
the rotation vs. temperature curve should 
liave a maximum there should be at least 
three isomers present. In the case of ethyl 
tartrate an actual maximum has been 
observed. Further measurements on cliange 
of rotation with concentration also support 
tlie existence of tliree isomers. These 
evidences are, Iiowever, not altogether 
quantitative, as tlie influence of solvent, etc., 
have also to be taken into consideration. 

Recent ideas regarding sevoi’al possible 
canon i(ial structures for one and the same 
rnol(‘cnle existing in a state of quantum 
rne.clianical resonance'*'^ liavo raised in- 
teresting possibilities, as certain bonds which 
arc single in the ordinary structures are 
double in some others and thus acquire in 
part the properties of a double bond and 
vice versa. Problems connected with this 
liave been recently diseussed by Sutton‘S 
and Zahri''\ Sidgwick^'' lias, Iiowever, 
(|uestione(l the validity of some of 
the assumyitions made although they may be 
mathematically correct. Another result of 
the resonance or the interference between 
the electronic clouds of a pair of singly linked 
atoms is the ])ossibility of preCorred angular 
positions, siic!i as the highly unsyminetrical 
skew structures postulated by Penney and 
Sutlun-Iand-' for 11/^, and Nr.TI,. 

An ini cresting ~po*^ssibility of tlie intra- 
molecular rol action is the resulting shape of 
long chain molecules containing a series of 
0 — 0 links. If there are two dipoles, each 
of moment m, at the. two ends, one end 

^3 E.. Lucas, Tnuis. Farad. Sor.., 1930,26, 418. 

^3 L. Pa-’iling a,n;] J. Sherman, J. Chern. Physics, 
1933, 1, 606, (379. 

L. E. Sutton, Trmis. Farad. Sac., 1934, 30, 
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BXEEGY TEOUCtHS. 

In contrast to tlie double bond the charge 
distribution in a single bond has a rotation 
symmetry, and a completely unhindered 
free rotaVion should be expected provided 
the.’-e is no interaction between the sub- 
.stinients or between the substituents and the 
carbon atoms. This ideal case is almost non- 
existent in the whole field of organic 
chemistry. Thus Penney** has shown that 
even in the simplest case of ethane, both 
by tlie H-L-P-S, and H-M methods of 
approximation, there will be free rotation 
of the OH, groups around the C-C axis 07tly 
if the interactions of any H atom with the 
distant 0 and H atoms are neglected. 
When, however, the H-H interactions are 
allowed for, the azimuth <j> around the C-C 
axis of one CHg group with respect to the 
other will appear implicitly in the H-H 
exchange integrals, and the energy will be 
no more independent of f. The general 
form of the energy curve can have a number 
of maxima and minima or energy troughs. 
Koenig”'- has considered the dynamics of a 
very general case where the potential field 
has n maxima and minima in the range 
0<3<2tT: and, Eyring^" has calculated the 
complete shape of the curve for the case 
of ethane, and finds three maxima corres- 
ponding to three paired hydrogen positions 
and the accompanying three minima corres- 
ponding to the tmns positions of the hydrogen 
atoms. The separating energy wall is only 
35C> cal. /mol. so that at room temperature, 
where the mean energy ET - 600 cal./mol. the 
molecule can go from one trough to another 
and execute a complete rotation. But if the 
temperature is lowered this should be no 
more possible, and the molecule can perform 
only oscillations about the energy minima. 
Eucken and Weigert"^ have been actually 
able to show from measurements of molar 
heat over a large range of temperatures 
down to 143“T, that at low temperatures 
ethane behaves as a restricted one dimen- 
sional rotator, performing only oscillations 
about a minimum energy point. If a 
complete free rotation were possible then at 
tliese low temperatures, where the other 
inner d egrees of freedom are not yet .deve- 
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loped, the specific licafc slioiild b(‘ (> I” U-xr7 
calories, while actually it is of the order 
7*4: this excess is due to th(‘. ()s<‘iHait.ory 
motion which has two de^^recs of fr(HHioiu 
one for the potential energy juid a-nolher 
for the kinetic energy. By a sinudta.!uu)us 
comparison witli the specific*- heat of etliyhnn*, 
where there is no inner rotation ])ossil)I(', 
the increase in specilic.*- lu^at ovc^r a. frc'c* 
rotating model can be (|uaintilia-ti\'(dy 
accounted for if the potential energy ba.rri<n* 
is taken as 350 cal./mol. a value whicdi agr(*(\s 
beautifully with that calculatcal by Ityring, 
At room temperatures only about r)0/!{> of 
the molecules have any inner rotadion, a.iid 
among them 45% liave (]uantium nunilxu' 

1 (i.c., oscillation) and 5% quantum nnmhw 

2 (i.c., free rotation). 


In the case of substituted otlianes, the 
energy curve will be more complicaitcal, tln^ 
energy minima being of dilTercmt dcqdh.s 
and occupying diiXeront positions. An 
instance where tliis curve lias Ixum worked 
out in some detail is that of symnu^tricail 
dichlorethane.*^'* The caleulatc^d redadion 
between the distribution of the*. mol(H.‘uI(* 


into its various energy levels, a.ud tin* 
effective dipole moment at dilTcu-ent teunpe^- 
ratures,^'^ has been substantiated by e.a.r(d’ul 
experimental work,-"“ and vice versa, from 
the experimental valuers of monund., tin*- 
magnitude of the intra-rnolcuvular for<*<\s 
have been estimated. Aeonsidcn-able volume* 
of work has been turned out. regarding t.Iu*, 
possible degrees of rotation inside*. m()l(*(ud<*s 
and their bearing on the observcMl (iip(>I(* 
moments, ever since tlie first pa.pcu’S on ( bis 
subject were publislied by .Hbjendjihl and 
Williams. 
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The existence of oscillations about a 
position of minimum energy has also been 
substantiated by X-ray interference dia- 
grams. Evidences for such positions of 
minimum energy seem also to be obtained 
from tlie Eaman spectra of a number of 
molecules, and are neatly marshalled out 
•in one of Kohlrausch’s recent reviews/*'* 
However, the possibilities of these physical 
measurements to yield more quantitative 
informations regarding the intra-mole- 
cular rotation, have not been completely 
investigated. 

When the two rotating parts are suffi- 
ciently separated as by introducing a 
benzene ring between them, the energy 
barriers can be smoothed down, and complete 
rotations made possible : such instances 
are to be found in j)-xy]ylene dichloride, 
j)-quinone dimethyl ether, etc.^^*^ 

If there are more than one substituent 
in each of the methyl groups of ethane, 
there will be in general three pronounced 
energy minima, with appreciable energy 
barriers, and. at low temperatures there 
will be a mixture of three rotation isomers, 
characterised by three equilibrium positions. 
Woir' has shown that such rotation isomers 
exist in the case ot‘ tartaric acid and di- 
benzyl derivatives, which are symmetri- 
cally substituted etliane compounds of the 
type 



In the meso form of tliese compounds tlie 
substituents b and c are so placed that 
all three can simultaneously occur in tlie (ds 
or Irans positions, while in tlic optically 
active form they cannot do so. If a 
complete free rotation were possible about 
the C~0 link, both forms of the molecule 
will have identical moment. As tliis is not 
tlie case, and the active form lias in general 
a higher moment (at the ordinary temper- 
atures) than the meso form, it is obvious 
that in the latter the molecule tends to get 
fixed more in the completely bmis position. 
Thus at T™0, the meso form will be fixed in 
this position, and the moment will be zero, 

38 F. Erhardt, Physlkal Z., 1S)‘J2, 33, 605. 

33 K. W. F. Kolilrausch, Natiirwlss., 1934, 22, 
166. 2^. PhysikaL Ch. (.B), 1932, 18, 61. 

^3 A. Weissberger and B. Sangevvald, Physikal 
Z., 1929, 30, 792. 

K. L. Wolf and W. Bodenheimer, Zeit. 
Physik, Chem., 1931. Bodenstein band, 620, 
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while for the active form the moment will 
be a finite value — (since all Irans positions 
cannot simultaneously occur). As the 
temperature is increased, on account of the 
fact that in the meso all the cis positions 
are simultaneously possible, the moment 
will reach a higher maximum than the cis, 
and the two curves representing moment vs. 
temperature will be separate and cross each 
other at some particular point. If we 
regard each form to consist of three isomers 
in equilibrium, with different optical rota- 
tions, then as the temperature rises the 
ratios between the isomers will shift and 
thus also the total optical rotation. 
Xow, Lucas'*- has shown that in order that 
the rotation vs. temperature curve should 
iiave a maximum there should be at least 
three isomers present. In the case of ethyl 
tartrate an actual maximum has been 
observed. Further measurements on change 
of rotation with concentration also support 
the existence of three isomers. These 
evidences are, however, not altogether 
quantitative, as the influence of solvent, etc., 
have also to be taken into consideration. 

Recent ideas regarding several possible 
canonical structures for one and the same 
moh^.eule existing in a state of quantum 
mechanical resonance;*'* liave raised in- 
teresting possibilities, as certain bonds which 
are single in the ordinary structures are 
double in some others and thus acquire in 
part tlie properties of a double bond and 
vice versa. Pi’oblems connected with this 
have been recently discussed by vSutton** 
and Zalui'h Bulgwiek"* has, however, 
questioned the validity of some of 
the {issuinptious made although they may be 
matliematically correct. Another result of 
the resonance or tlie interference between 
the electronic clouds of a pair of singly linked 
atoms is the possibility of preferred angular 
positions, sucli as the highly unsymmetrical 
sk(‘.w slructur(‘s postulated by .Penney and 
ButluM laiid"' for 1I„0., and 

An interesting possibility of tlie intra- 
molecular rotation is the resulting shape of 
long cliain molecules containing a series of 
0 — 0 lirdvs. If there are two dipoles, each 
of moment m, at the two ends, one end 

‘12 n. .Lvic.as, Tra:is. Farad. Son., 1930,26, 41S. 

“^3 E. Pauling anil J. Sherman, J. Chem. Physics, 
1933, 1 , 606, 679. 
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moment can sefc itsell; in any direction in- 
dependent of the other, and the resulting 
moment of the molecule will be ^/2 m irres- 
pective of the number of links above a certain 
limit. This has been experimentally 
observed.'^' Eecently Kulm^^ has calculated 
the shape of such molecules to be that of a 
bean the ratio of whose axes are 6 : 2-3 : 1. 
Further the electron interference measure- 


ments with l,5-dichlorpentane‘^^ show that 
in this case the distance between the end 
chlorine atoms cannot be defined. 

Much, of the above review shows how 
general is the phenomenon of intra-molecular 
rotation and how our ideas about it are still 
very qualitative. There is certainly ample 
scope for precise and quantitative investiga- 
tions in this field. 


Study of Plant Tissue Fluids.*'' 

By B. N. Sastri, M.sc., a.i.c. and M. Sreenivasaya, b.a., f.i.i.sc. 


? H ' Indian InsU lute of 

Chemical Investigations. 

A CHEMICAL study of the plant sap 
^ usually consists of a proximate analysis 
of the more important constituents, like 
total solids, total ash, total and amino 
nitrogens, sugars and ash constituents 
particularly P, K and Ca. In special cases, 
a determination of some definite constituent 
pertinent to the investigation, is carried out. 
In a study of the nature of rust resistance in 
wheat, Eewton and Anderson^ have 
determined the phenol content in the press 
juice of wheat plants varying in rust resis- 
tance. Link and others^'''’' have determined 
protocatechuric acid in the pigmented 
variety of onions, which is reputed to resist 
the fungus disease known as the onion 
smudge. Power and ChesnuP^**’ have 
examined the odorous constituents of the 
cotton plant, ammonia and trirnethyl amine 
as the possible attractants of the boll- worm. 
Those varieties of cotton wliose content 
of these constituents is low, are the ones 
more resistant to the attack of tlie boll- worm. 

For most of the routine estimations, the 
centrifuged sap can be directly employed but 
for the estimation of certain constituents 
like sugars, phenols, a suitable method of 
clarification has to be adopted, with a view 
to eliminate substances interfering with the 
reaction. Immiscible solvents like ether or 
chloroform can be employed for extracting 


^^7 L. Ebert and Iv. Ilojendabl, Z. PhysllxCtl Ch. 
(B), 1932, 15 , 74. 

48 w. Kuhn, KolL Z,, 1934, 68, 2. 
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1 , 85. 

148 Link et al, J. Biol. Cheni., 1929, 81, 369. 

448 Power and Chesnut, J. Amer. Chem. Soc.. 
1925, 47 , 1751, 


Science, Bangalore. 

the constituent from the sap ; sometimes a 
preliminary separation of the associated 
impurities by precipitating them out with a 
miscible solvent like alcohol or acetone faci- 
litates subsequent processes of purification. 
This is elegantly achieved by absorbing the 
sap on a filter pad or pulp^^‘ and extracting 
the impregnated mass with alcohol or 
acetone. 

There are other physical methods of 
fractionating tbc sap into groups of con- 
stituents, which are helpful in the isolation 
of certain constituents ; ultra-filtration, 
for example, will effect a separation of the 
sap roughly into two portions, the filtrate 
containing mostly the erystalloidal consti- 
tuents of the tissue fluid. The advantage 
of such a fractionation lies in the fact that 
both the ultra-filtrate and the residue are 
obtained in a ^‘pure’’ state without any 
admixture of adsorbents, solvents or salts. 
Electro-ultra-filtration also can be employed 
with advantage in many instances, to en- 
sure a greater rapidity of separation. Tlic 
application of such colloid chemical tech- 
nique has not been extensively employed 
in a study of the plant tissue fluids. 

A line of investigation which has received 
little attention is the assay of the tissue 
fluids from, the viewpoint of its dynamic 
nature. It is determined by the presence 
of the reactive groups on the one hand, and 
the agents catalysing certain reactions on 
the other. The reactive groups, aldehydic, 
ketonic, amino, sulphydryl, liydroxyl, phe- 
nolic, carboxyl, can easily be estimated 
chemically while the existence of the bio- 
chemical catalysts present in the fluid is 


49 R. Wierl, Ami. der Fhys., 1931 , 8, 521, 
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revealed tlirougli a study of the enzyme 
make up of the sap/^^"* 

Colloid Chemical Investigations. 

Colloid chemical studies of plant tissue 
fluids open out a new field of investigation. 
The most comprehensive investigation which 
has been conducted is in connection with 
the study of drought resistance"'- and winter 
hardiness*’’ in plants. Particular 


attention should he drawn to the systematic 
work of Gortner, ISTewton and others in the 
field. Newton^-*’ has studied the gold 
number of colloids in plant tissue fluids in 
the course of dialysis. The question of 
hydration of colloids in plant juices is a 
problem which has aroused wide interest 
in the field of plant physiology and this 
important and extensive subject sliould be 
dealt with in a separate review. 


The Origin of the Santra Orange. 

By S. S. Bhatj M.Ag. 


rpiTE Bantra orange is perhaps the most 

important table variety of citrus in 
India, its cultivation being chiefly concen- 
trated in the Central Provinces and parts 
of Western India — more than 10,000 acres 
being under its cultivation in these tracts. 
It is a loose- skinned orange of the Tangarin 
type, and was for a long time accepted 
in this country as Citrus aurantium. The 
description of King orange (Citrus nobllis) 
of California seems to agree well with 
that of B antra. As there are other types of 
loose-skinned oranges like Ladu and Kavla 
growing in this country and closely related 
to BantrUj it is difficult to say which of them 
is exactly the King orange. After a careful 
study of the various systems of classification 
of citrus fruits offered by different authors, 
Cheema and Bhat^ have assigned to Santra 
the place and name of Citrus nobilis. Lour, 
var. deliciosa Swingle. 

Like the other varieties of citrus, the 
Santra seems to have originated somewhere 
in Southern and Cocliin Cliina. Citrus 
varieties are even at present found in a 
wild state also at the foot of tlie Himalayas 
in the north-eastern part of India.- Tliere 
are references to these fruits in the ancient 
Sansk]’it literature. The very word Santra 
might have been derived from the Sanskrit 
word sain (Hq[) meaning ‘ weir, and tri (^) 
meaning, ‘ to float ’, the whole word ‘ Santra ’ 
meaning one that floats well. The fruit 
floats very well indeed in water. The 

Sastri and Sreenivasaya, Enzymes of the 
sandal leaf hi health and disease (anpublishocl). 

1^3 Votchel, C.A., 1924, 18, 2359. 
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2 Bonavia, E., “ The cultivated oranges and 
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fruits were possibly observed coming to 
the southern parts floating in rivers 
from the wilds at the foot of the 
Himalayas. Hence the name Santra or 
the floating fruit seems to have been 
given to it in the earliest times as soon as it 
came to the notice of the ancient Sanskrit- 
knowing Aryans. The other word Narangi, 
which is another popular name of this fruit, 
is perhaps similarly derived. Narangl is a 
corruption of the word Tsagaranga 
(hiuiu). Naga means red lead in Sanskrit. 
Arangama or aranga, means one tliat becomes 
visible. Both these words on joining form 
tlie word nagaranga^ and mean one tliat lias 
the red lead colour and that becomes visible 
or floats. Both the words santra and 
nagaranga or narangl are descriptive. 
application of descriptive words to objects 
in Sanskrit is almost universally traditional 
as in Latin. Phirther, names of oraiiiges in 
the original Khasi languages are woi’ds lik(^ 
TJsoh niamira, XJsoh sim, Usoh wiangor, etc. 
These words do not seem to boar any rela- 
tion to the word santra. However, it is 
pcrliaps possible to derive the word santra 
from the word Usoh niamtra. If tlie first 
letters of those two syllables ‘ 17 ’ and ^ni' 
are dropped, what remains comes to be ^ soh ' 
and ^ amtra\ Kow joining these two latter 
syllables, a word like ^ soJuvm.tr a \ Csontra' 
ov ^ santraC may be formed. Excepting this 
very doubtful likelihood, it seems, therefore, 
more probable that tlie word santra must 
have been a name given to the fruit by the 
Sanskrit-knowing Aryans. Bonavia suggests 
the derivation of the word santra from the 
word Shans, who were rulers in Assam about 
the beginning of the Christian era. Tliis 


120 Newton and Martin, Can. J, Res.^ 1930, S', 
33G. 


150 


CURRENT SCIENCE 


[October 1934 


moment can set itself in any direction in- 
dependent of the other, and the resulting 
moment of the molecule will be m irres- 
pective of the number of links above a certain 
limit. This has been experimentally 
observed.*^' Eecently Kulm^Mias calculated 
the shape of such molecules to be that of a 
bean the ratio of whose axes are 6 : 2-3 : 1. 
Further the electron interference measure- 


ments with 1,5-dichlorpentane'^^ show that 
in this case the distance between the end 
chlorine atoms cannot be defined. 

Much of the above review shows how 
general is the phenomenon of intra-molecular 
rotation and how our ideas about it are still 
very qualitative. There is certainly ample 
scope for precise and quantitative investiga- 
tions in this field. 


Study of Plant Tissue Fluids.* 

Ey B. N. Sastrij M.sc., A.i.c. and M. Sreenivasaya, b.a., p.i.i.sc. 
Indian Institute of Science^ Bangalore. 


Chemical Investigations. 

A CFIEMICAL study of the plant sap 
usually consists of a proximate analysis 
of the more important constituents, like 
total solids, total ash, total and amino 
nitrogens, sugars and ash constituents 
particularly P, K and Ca. In special cases, 
a determination of some definite constituent 
pertinent to the investigation, is carried out. 
In a study of the nature of rust resistance in 
wheat, Newton and Anderson^^*^ have 
determined the phenol content in the press 
juice of wheat plants varying in rust resis- 
tance. Link and others^*''’ have determined 
protocatecliuric acid in the pigmented 
variety of onions, which is reputed to resist 
the fungus disease known as the onion 
smudge. Power and Cliesnut^*'’ have 
examined the odorous constituents of the 
cotton plant, ammonia and trimebhyl amine 
as the possible attractants of the boll-worm. 
Those varieties of cotton whose content 
of these constituents is low, are the ones 
more resistant to the attack of the boll- worm. 

For most of the routine estimations, the 
centrifuged sap can be directly employed but 
for the estimation of certain constituents 
like sugars, phenols, a suitable method of 
clarification has to be adopted, with a view 
to eliminate substances interfering with the 
reaction. Immiscible solvents like ether or 
chloroform can be employed for extracting 


L. Ebert and Iv. TIojendalil, Z. Physikal Ck. 
(B), 1932, 15, 74. 

W. Kuhn, Koll. Z., 1934, 68, 2. 

Continued from Curr. Sci. 10.34-, 3, .58. 
li t Newton and Anderson, Can. J . Res., 1920, 
1 , 85. 

Linked al, J. Biol. Chem., 1929, 81, 369. 
Power and Chesnut, J. Amer. Chem. Soc,. 
1925, 47, 1751, 


the constituent from the sap ; sometimes a 
preliminary separation of the associated 
impurities by precipitating them out with a 
miscible solvent like alcohol or acetone faci- 
litates subsequent processes of purification. 
This is elegantly achieved by absorbing the 
sap on a filter pad or pulp^^^ and extracting 
the impregnated mass with alcohol or 
acetone. 

There are other physical methods of 
fractionating the sap into groups of con- 
stituents, which are helpful in the isolation 
of certain constituents; ultra-filtration, 
for example, will effect a separation of the 
sap roughly into two portions, the filtrate 
containing mostly the crystalloidal consti- 
tuents of the tissue fluid. The advantage 
of such a fractionation lies in the fact that 
both the ultra-filtrate and the residue are 
obtained in a ^‘pure’’ state witliout any 
admixture of adsorbents, solvents or salte. 
Blectro-ultra-filtration also can be employed 
with advantage in many instances, to en- 
sure a greater rapidity of separation. The 
application of such colloid chemical tech- 
nique has not been extensively employed 
in a study of the plant tissue fluids. 

A line of investigation which has received 
little attention is the assay of the tissue 
fluids from the viewpoint of its dynamic 
nature. It is determined by the presenee 
of the reactive groups on the one hand, and 
the agents catalysing certain reactions on 
the other. The reactive groups, aldehydic, 
ketonic, amino, sulphydryl, liydroxyl, phe- 
nolic, carboxyl, can easily be estimated 
chemically while the existence of the bio- 
chemical catalysts present in the fluid is 


R. Wierl, Ann. dev Phys., 1931 , 8,. 521. 
Sreenivasaya and SastrJ, J.C.S.f ahst., 1931, 
Ap 1342. 


October 1934] 


CURRENT SCIENCE 


151 


revealed tlirougli a study of the enzyme 
make up of the sap/^'^ 

Colloid Chemical Investigations. 

Colloid chemical studies of plant tissue 
fluids open out a new held of investigation. 
The most comprehensive investigation which 
has been conducted is in connection with 
the study of drought resistance'’*- and winter 
hardiness'” in plants. Particular 


attention should be drawn to the systematic 
work of Gortner, Newton and others in the 
field. Newton^-'’ has studied the gold 
number of colloids in plant tissue fluids in 
the course of dialysis. The question of 
hydration of colloids in plant juices is a 
problem which has aroused wide interest 
in the field of plant physiology and this 
important and extensive subject should be 
dealt with in a separate review. 


The Origin of the Santra Orange. 

By S. S. Ehat, M.Ag. 


rpiIE Santra orange is perhaps the most 

important table variety of citrus in 
India, its cultivation being chiefly concen- 
trated in the Central Provinces and parts 
of Western India — more than 10,000 acres 
being under its cultivation in these tracts. 
It is a loose-skinned orange of the Tangarin 
type, and was for a long time accepted 
in this country as Citrus aurantium. The 
description of King orange (Citrus nohllis) 
of California seems to agree well with 
that of Sanlra. As there are other types of 
loose-skinned oranges like Ladu and Kavla 
growing in this country and closely related 
to Santra, it is difficult to say which of them 
is exactly the King orange. After a careful 
study of the various systems of classification 
of citrus fruits offered by different authors, 
Cheeina and Bhat^- liave assigned to Santra 
the place and name of Citrus nobilis, Lour, 
var. deliciosa Swingle. 

Like the other varieties of citrus, the 
Santra seems to have originated somewhere 
in Southern and Cochin China. Citrus 
varieties are oven at present found in a 
wild sta,te also at the foot of the Himalayas 
in the north-eastern part of India.- There 
are references to these fruits in the ancient 
Sanski'it litciratui'C. The very word Santra 
might have btum derived from the Sanskrit 
word sam (hh; ) meaning ^ welL, and tri (g[) 
meaning, ‘ to float ’, tlie whole word ^ Santra ' 
meaning one that floats well. The fruit 
floats very well indeed in water. The 

Sastri and Sreonivasaya, Enzymes of the 
sandal laaf in lu'dlth and disease (iinpublisbecl). 

Votchel, C./l., 1021, 18, 2359. 

^ Olieema, G. S., and Bhat, S. S., A Study of 
the Citrus vari(d.ies of the Bombay Presidency ”, 
Curr. ScL, 1931, 2, 8, 298-304. 

“ Bonavia, E., “ The cultivated oranges and 
lemons of India and Ceylon,” 


fruits were possibly observed coming to 
the southern parts floating in rivers 
from the wilds at the foot of the 
Himalayas. Hence the name Santra or 
the floating fruit seems to have been 
given to it in the earliest times as soon as it 
came to the notice of the ancient Sanskrit- 
knowing Aryans. The other word Narangi, 
whicli is another popular name of this fruit, 
is perhaps similarly derived. Efarangi is a 
corruption of the word ‘‘ Nagaranga 
Naga means red lead in Sanskrit. 
Arangama or aranga means one that becomes 
visible. Both these words on joining form 
the word nagaranga, and mean one that has 
the red lead colour and that becomes visible 
or floats. Botli the words santra and 
nagaranga or 7iarangl are descriptive. The 
application of descriptive words to objects 
in Sanskrit is almost universally traditional 
as in Latin. Further, names of oranges in 
the original Khasi languages are words like 
TJsoli nia^ntra, TJsoh sim, TJsoli ■niianger, etc. 
These words do not seem to bear any rela- 
tion to the word santra. However, it is 
perhaps possible to derive tlie word santra 
from the word Usoh niamlra. If the first 
letters of these two syllables ‘ H ’ and Su ’ 
are dropped, what remains comes to be ^ soli ’ 
and ^amtra\ Now joining these two latter 
syllables, a word like ^ soJianitra \ ^ sontra ’ 
or ^santra' maybe formed. Excepting this 
very doubtful likelihood, it seems, therefore, 
more probable that the word santra must 
have been a name given to the fruit by the 
Sanskrit-knowing Aryans. Bonavia suggests 
the derivation of the word santra from the 
word Shans, who were rulers in Assam about 
the beginning of the Christian era. This 


120 Newton and Martin, Can, J, Ues., 1930, 
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suggestion fits in well so far as tlie first part 
^ sa 7 i^ is concerned. But how a syllable like 
^ tra ' came to be affixed is not at all explain- 
ed. It seems therefore possible 

(1) that these words sa'}itra and narangi 
were non-existing before the fruit was 
known to the Aryans. The Chinese and 
the Khasi languages have their own 
distinct vernacular names for these fruits ; 


(2) the fruit was existing in the north- 
eastern parts of India before the Aryans 
came tliere : 

(3) the fruit must either be indigenous 
in the north-eastern parts of India, or it 
must have been introduced there from 
the neighbouring countries on the East, 
in prehistoric times. 


Letters to the Editor. 


Elimination of Bias due to Selection. 

As correlation methods are being used now- 
a-days to a much greater extent than before 
for forecasting, say, the rainfall or tempera- 
ture at any place or even the amount of 
wheat grown in any particular area, a 
problem, which is often overlooked by fore- 
casters, has become somewhat important. 
The problem arises in tlie following manner. 

When we want to select some factors for 
forecasting a quantity, we often take a 
number of factors, correlate each of them 
with our forecasted quantity and select out 
of these factors two or more factors which 
give the highest C.O. (written in short for 
correlation coefficient) with our forecasted 
quantity. In testing these selected C.C/s 
for significance, some forecasters apply the 
usual tests for significance, overlooking the 
fact that these tests are meant only for 
0.0. 's selected at random and not for C.C.’s 
so deliberately chosen as tliese. In these 
latter cases Walker’s test*^ has to be applied. 

Now, all that Walker’s test tells us is 
whether our selected C.C.’s could have been 
obtained by mere random chance from 
populations of which the C.O. p is zero. 
By random chance” is meant here either 
Walker’s level of significance, viz.^ oO%, or 
the 5% level of significance suggested by 
E. A. Fislier. If the selected C.C.’s could 
not have been obtained by random chance 
from populations in which ^=0, the C.C.’s 
are considered significant, and the selected 
factors are used to give a forecasting formula 
in the usual manner. 

The forecaster is also very much interested 
to find out the approximate value of the 
C.C.’s of the various populations from which 
our selected C.C.’s are samples, in order to 
determine, at least qualitatively, tlie amount 


1 G. T. Walker, Mem. Ind. Met. Dept., 1914, 
21, 13-15 ; S, R. Savur and S. Gopal Ran, Ind. 
Met Dept.y Sci. Notes, 5, No. 49. 


of reliance that he can place in his factors. 
For this purpose he will have to apply 
Normand’s Performance Test.- Unfortu- 
nately he will have to wait for a number of 
years for the accumulation of data before 
he can use the Performance Test. As this 
Test is thus not of immediate use, a method 
has been discovered by which it is possible to 
eliminate the bias due to selection from each 
of the selected C.C.’s and thus get values 
which are the least values of the corres- 
ponding p’s of the populations either on 
Walkers or Fisher’s level of significance. 
Full details of the method are given in a 
paper which will be published elsewhere. 
Only a gist will be given here. 

Let p be the C.C. of the population from 
which m random samples of n values each 
are drawn and let the C.C.’s be worked out 
for each sample. Suppose we select {l+l) 
highest C.C.’s of which let the lowest value 
be 7\. Let p be the cliance of obtaining a 
C.C. numerically less than 7\ in a random 
sample of n from the population. Then the 
chance of getting in the selected {l+D C.O. ’s 
no C.C. which is numerically less tlian r^, 
out of m random C.C.’s is given by 
P = 1 - + 

■■■■ + ■■■ I 

where l-~p. 

Although equation I is of the mth degree, 
in p it has only one real positive fractional 
root, which may be called the probability 
root. We can obtain the probability roots 
after putting P = 0-5 and 0*05 in I. Let 
these roots be denoted by p (0*5) and p 
(0*05) respectively. We can now find the 
value of p corresponding top (0*5), and 
n. Let this value be denoted by p (0*5). 
Similarly we can find p (0*05). p (0*5) and 
p (0*05) are the values of p’s of the 


2 C. W. B. Normand, Q. J. R. Met. Soc., 1932, 
58, 3-10 ; S. R. Savur, Ind. Jour. Phy., 7, 
Part 1, pp. 27-34. 
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populations on the 50% and 5% level of 
significance respectively, winch gave us 
(^+1) C.C.’s which are not numerically less 
than in m random C.C.’s. These values 
will help the forecaster in forming a rough 
estimate of tlie amount of reliability he can 
place in his forecasts. As already mentioned 
above, more details will be given elsewhere. 

S. E. Savuu. 

Meteorological Office, 

Poona 5, 

JSeplember 14^ 1934, 


Rectification Phenomenon in Pyrolusite 
Crystal. 

In the course of our investigations on the 
crystal-aud-point rectification, we found that 
when ordinary mineral pyrolusite (MnO,,) 
crystal was dipped into mercury, alternating 
current was rectified to a great extent. The 
source of the alternating current was a 1000 
cycle alternator (microphone hummer). 
When tested with steady voltages, the 
current-voltage characteristic curve showed 
a marked asymmetry. A typical cliaracter- 
istic curve is shown in Fig 1. The resistances 
as calculated from tlie curve for different 
positive and negative voltages are also 
illustrated in the same figure. The rectifi- 
cation ratio which is taken as the ratio of 
the difference of the currents in the two 
opposite directions to the larger value of the 
current is also' shown. The ratio decreased 
in this particular experiment with the 
applied voltage. The value was 50% for 2 
volts. 

The mercury used was cleaned after shak- 
ing it with dilute nitric acid in a mechani- 
cally shaking machine for eight hours. 
After subsequently washing it in running 
distilled water, the pyrolusite crystal on 
drying was mounted so as to dip into the 
clean mercury. The crystals such as galena 
(PbS), iron pyrites (FeS^), bornite (Cu^S, 
CuS, FeS), magnetite (Fe-yO^), molybdenite 
(MoS^) did not, however, show any such 
rectification effect, when similar experiments 
were performed under similar conditions. 

It should be made clear that the rectifica- 
tion generally observed with these crystals 
in combination with a pointed metal is 
reduced to zero, when the contact area is 
large. The pyrolusite crystal dipped into 
mercury had, in our experiments, a very 
large contact area so that the effect observed 
could not be attributed to the ordinary 
crystal-and-point rectification. When the 


same pyrolusite crystal was held between 
two electrodes of large area, there was no 
such rectification effect. 



The cause of this rectification seems to be 
associated with the layer of air between the 
surface of the crystal and mercury. This is 
yet a subject of further investigation. 
Whatever be the cause, this promises to be 
of great practical use. 

S. R. Khastgiu. 

Anil Kumar Das Gupta* 
Physics Laboratory, 

Dacca University, 

September .28, 1934, 


The Band Systems of CaCL. 

The spectrum of the carbon arc fed with 
CaCL has been measured on plates taken in 
the first order of a 21 ft. grating. These 
data together with those of I-Iedfeld’*' are 
utilised in analysing the bands. While 
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there is excellent agreement between the 
data of Hedfeld and the present measure- 
iiiVots. some of the bands measured by him 
do not reallv belong to the CaOl, mdlecnle. 

The bands''eonsist of two systems one of 
which, the red system, is clearly due to the 
transition 'TT — > “T. These involve two P 
and iico Q heads and the system comprises 
only the Ar=0and— 1 sequences. The 
equation representing the heads is : — 
r = 10094 • 6 -h (363 • 76 i;' - 1 • 16 + 0 • 0012 v'''") 

~ (360-81 v" — 1-Olv"- - O-OOl'?/'^. 

The heats of dissociation for the -77 and -£ 
states are found to be 4*60 and 3*46 volts 
respectively. This indicates that in the -77 
state of "the molecule is involved the 
anomalous (4p) - ''P term of the Ca atom. 
The -S state arises out of the (4s 4p) 
term ot the Ca atom. 

The other, orange system, involves evident- 
ly a S — S transition. The final level of 
this system does not at all correspond to 
the final level of the red system. These 
bands degrade towards the shorter waves 
but the sequences degrade to the longer 
waves. Only two, A t’ ~ 0 and + 1 
sequences are developed. The following 
equation represents the heads: — 
r =16847-6 -4- (361-38 ^/-l•68t?'--0•0l5r'9 
- (364- 51v" ~ l-46v"- - 0-02v"^J. 

This gives for the heats of dissociation of 
the upper and lower states, 1-53 and 1-52 
volts respectively. It can be shown that 
the upper r state arises out of the (4s5sj "S 
term of the Ca atom and the lower from 
( 4s4p}'T' term of the Ca atom. This latter 
level should apparently be identical with 
the -if state of the red system. However, 
the discrepancy not only in the vibrational 
constants but also in the heats of dissocia- 
tion points to a different Z level for the 
final state of the orange system. The ultra- 
violet system has not been dealt with. 

Details will be published elsewhere. 

. E. K. Asxjndi. 

Physics Eesearcli Laboratories, 

Muslim L^niversity, 

Aligarh, 

September 27, 1934. 


Additional Bands in the Band System of 
Sulphur. 

to- measuiing my plates of tlie emissioi 
bands of sulphur produced in a discharg 
■babe containing sulphur vapour in th 
presence of Argon, a few bands not previ 
ously recorded,, have been observed N( 


bands could be traced to wave-huigt.hs 
higher than 6612-3 A. All ])a/n(hs Irom t/In’s 
wave length down till 4136 A. posN<vss in Mm’: 
main, three heads, the strongest ol (licirn 
agreeing in wave-lengths with thos<‘ of ku(9i 
of tlie bands as are also reeordc^.d by l^"<)wl('*.r 
andVaidya.* The following newly r(M*.or<{c<i 
bands fit in the scheme of vibral.ionad 
analysis given by these authors n.iid thus 
form part of the already known syslcnu of 
the S., molecule : 


(v'v") 

^air ( illt) 

r (vac) 

9,32 

0612-3 (8) 

15119 

8,31 

05+5-0 (7) 

15275 

7,30 

6470-3 (5) 

154:i7 

9,31 

0382-7 (10) 

15()():{ 

8,30 

0310-7 (9) 

' I5S27 

7,29 

0251-5 (8) 

1 599:i 


Ri . K . Asunoi. 

Physics Eesearch Laboratories, 

Muslim University, 

Aligaidi, 

September 27^ 1034. 


Influence of Dissolved Electrolytes on the 
Constitution of Water. 

Eamakrishna Eao' ha^s recundily sugg(^st(‘<l 
that the changes with tet^p(^r;lt.u^e‘ in Idu** 
distribution of the intensity of (4i(^ thr(H<* 
components of the Eainan band of wai.er at. 
3610 cm."^, 3413 cm.“' and 31.93 may bo 

explained on the hypoth(^sis timt wa.t(^r 
consists of three types of ln.()I<‘(^ul(^.s r(q)r<^- 
sented by (IT.O), (1I,0).> and (ir..()),„ to 
which are attributed tins a,bovc iiuau^ 
components, and the cdiang(‘nS in tin's nda.t.ivu'; 
proportions of whicli bring about tln^ abovc^ 
intensity changes. JEo also Hugg(vst(‘d thad. 
the effect of dissolved okHdirolyt/Cis on wail-(\i* 
may also result in the forma, tidn of hydra.tos 
by the association of tlio mohuiuU^s of walavr 
with the ions of the solute. 

The above hypothesis was put, forwa-rd on 
the basis of work with only a, f(‘.w (d(Hd,ro- 
lytes at a few concentrations. Wit,Ii a, vicnv 
to investigate how far this is appli(*.al)le in 
general to all electrolytes at a largci umber 

* Proc. Roy. Soc., 1931, 132A, 310. 

^ Proc. Roy, Soc., 1931, 130A, 489. 
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of concentrations, the author has, 'by a 
study of the changes in the structure of the 
Eaman band of water, made a systematic 
investigation of the behaviour and consti- 
tution of water under the influence of several 
typical electrolytes dissolved in it. The 
results, which appear to confirm the above 
hypothesis, are given below. 

The Eaman band for water in solutions of 
electrolytes is invariably sliarper tlian for 
pure water, the maximum o[ the band being 
nearly in the same position as that attri- 
buted to the (H.O)^ molecules. 

With aqueous solutions of the few electro- 
lytes that dissolve up to 8N and above 
(nitric acid, sulphuric acid, sodium nitrate, 
lithium nitrate and chloride have been thus 
far studied), the band gets sharper with 
increasing concentration ol tlie electrolyte 
and shifts as a whole towards greater 
frequency. Also the portion of the intensity 
curve for the water band on the smaller 
frequency side, attributed to the 
molecules, becomes less convex with 
increasing proportion of the electrolyte. 

With hydrochloric acid, however, an 
anomalous result was observed, the band 
being sharper at the lower concentration, 
SIST, than at 11 *71:^, the shift of the maxi- 
mum of the band also being in the opposite 
sense to that observed in the other cases. 

All these results go to indicate the extreme 
stability of the double molecules 
and the comparative instability of the other 
two types, triple (IT-Ojg and single (H,0), 
in solutions of electrolytes. 

Whereas there is a progressive shift 
towards larger frequency in the water band 
in solutions of electrolytes at the same 
concentration, as we pass from litliium 
chloride to sodium nitrate and from hydro- 
chloric acid to sulphuric and nitric acids, 
these differences tend to vanish when the 
water content in them, and not the amount of 
the electrolyte, is equalised. This observa- 
tion goes to indicate that the change in water 
equilibrium between mono-, di- and tri- 
hydrol is the more probable cause of the 
effects observed, and the differences, though 
minor, that still persist at the same water 
content in the electrolytes studied may be 
either due to a change in the water equili- 
brium to different extents in the different 
cases, or to a difference of hydration in the 
several cases, or, what is more probable, to 
the simultaneous existence of both. 

The cation appears to exert little influence 
on the behaviour of the solvent, as can be 


inferred from the similarity of results 
obtained with acids and salts. 

The intensity curves of the water band in 
solutions of sodium nitrate are in general 
sharper than those for nitric acid, oven 
when the latter is taken at a much higher 
concentration. This result may be partly 
due to the formation of more complex 
hydrates and partly due to the superposition 
of the NO^OH band at 3120 cm." ’ on the band 
due to water in solutions of nitric acid. 

The results obtained by the author, 
therefore, go to sliow that the effect of 
dissolved electrolytes on the constitution of 
water may be partly to change the water 
equilibrium between mono- di-, and tri- 
hydrol, and partly to cause an association 
of the water molecules with the ions of the 
solute resulting in the formation of hydrates, 
the extent and complexity of which seems 
to be different for different substances. 
With the work so far done it is difficult to 
say more exactly how far each of these effects 
contributes to the results observed. A 
detailed report of these investigations has 
been communicated to tlic Indian Journal 
of Physics- 

C. Sambasiva Eao. 

Andhra University, 

Waltair, 

September, 1984- 


Change of Resistance of Cobalt in 
Longitudinal Magnetic Fields. 

Due to the difficulty of obtaining the metal 
in suitable forms, a complete study of the 
change of resistance of cobalt in longitudi- 
nal magnetic holds had not been made so 
far. The transverse effect alone had been 
studied by earlier workers,^ the metal being 
used in the form of thin films deposited on 
glass or some other surface. The only 
earlier worker who observed the longitudinal 
effect in cobalt was Paul McCorkle." His 
curve for cobalt goes on increasing continu- 
ously and does not show any tendency to 
saturate even up to a field of about 1200 
gauss. The resistance of nickel or iron 
increases in longitudinal magnetic fields, 
ultimately reacliing a saturation value. This 
is a vrell-known fact verified by a host of 
observers, including McCorkle himself. His 


1 J. C. Beattie, Phil. Mag,, 1898, 45, 248. ■ 

L. G-runmacli, Anyi. der Phys.^ , 22, 141. . ■ 

2 P. McCorkle, Phys. Rev., 1923, 22, 271. " 
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result for cobalt tlierefore is surprising and 
needs confirmation. 

The writer has made a tliorougli study of 
the longitudinal effect in cobalt, using thin 
strips of the metal cut from a plate, certified 
by the makers to be of 95 per cent, purity. 
It has been found that the resistance does 
saturate, and also shows hysteresis. In the 
following table are given the values of the 
percentage change of resistance of cobalt in 
longitudinal magnetic fields. The magnetic 
fieid is increased gradually, and when there 
is no further change of resistance, tlie field 
is gradually decreased and brought back to 
zero. It is found that the resistance of the 
metal is now greater than the original 
resistance. 


Table I. 


Increasing 

fields 

Percentage 
change of 
resistance 

Decre<a.sing 

fields 

Percentage 
change of 
resistance 

0‘0 gauss 

0-0 

0-0 gauss 

0-08 







20 

11 

0-07 

20 

” 

0*15 

500 

u 

0-36 

75 


0-19 

700 


0-43 

440 


0-41 

1020 


0-55 

890 

M 

0-54 

1250 


0-58 

1300 


0-58 

1500 


0-58 

1500 


0-58 



1 





The intensity of magnetisation in the 
specimens of cobalt was also measured and 
it was found that the maximum intensity 
was attained between 1200 and 1300 gauss. 
Thus it appears that the change of resistance 
saturates at the same time as the magnetisa- 
tion. The change is always found to be an 
increase, as is evident from the above table. 
The writer has also been able to obtain the 
complete resistance- hysteresis cycle of cobalt 
in longitudinal magnetic fields. Full details 
will be published elsewhere. 

This is for the first time that resistance- 
hysteresis has been observed in the case of 
cobalt. The fact that the increase of the 
resistance of cobalt saturates at the same 
time as the intensity of magnetisation, has 
also been observed for the first time. 

The writer is indebted to the authorities 
of, the Patna Science College for permission 
to carry on the investigation in the Physics 


Laboratory of the college, and the facilities 
afforded. 

Md. Sharf Alam. 

Physics Laboratory, 

Science College, 

Patna, 

October S, 1934. 


Smoke Pollution in Bombay. 

This investigation of smoke pollution was 
undertaken on belialf of the Smoke 
Nuisances Commission, Bombay. 

The following brief report (a fuller account 
with a new method of estimating the 
number of smoke particles will appear else- 
where) indicates the nature of variation in 
the number of smoke particles at various 
mill localities in Bombay. 

Some observations were taken in dry 
weather in April while a few were made in 
monsoon in July on suitable rainy days. 
The results at each centre were taken both 
in the morning and in the evening. 


Apil Residts. 



Fergus- 
son Boad 

By cull a 
Bridge 

Lalbaugh 

Sewri 

Morning- 

2830 

1930 

2060 

2940 

Evening 

3950 

2990 

3570 

2780 


July Results. 



Fergus- 
son Road 

Bycnlla 

Bridge 

Imlbangh 

Sewri 

Morning- 

2260 

2380 

2210 

1260 

Evening 

3025 

3050* 

2215 

1740 


=*The number in each column represents the 
average number of smoke particles per c.c. 


It is seen that on the whole the evening 
number of smoke particles is higher than 
the correspopding value in the morning. 

There is a difference between the evening 
results of April and July, and excepting the 
result marked (*), it is clear that the average 
number reduces by about 1000 to 1200 per 
c.c. in monsoon. This number may be 
attributed to smoke other than that 
of mills. There is no uniform variation in 
the morning results of the two months 
indicating that in the morning there 
may not be smoke other than that of mills. 
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The results indicate that the number o£ 
smoke particles per c.c. varies between 1200 
to 4000 per c.c. 

I thank tlie Commission for the permission 
to publish these results. 

Y. G. Naik. 

Physics Departmentj 
Koyal Institute of Science, 

Bombay. 

Septeinher 1934. 


Dry Ether as Solvent for Anhydrous 

Aluminium Chloride in Organic Synthesis. 

The author has made the interesting obser- 
vation that dry ether wliich has the 
remarkable property of readily dissolving 
anhydrous aluminium chloride can be 
advantageously used for some reactions of 
the Friedal-Crafts' type which take place 
under mild conditions, i.e.^ at or below the 
boiling point of ether. 

Anhydrous aluminium chloride when 
added to dry ether quickly dissolves with 
evolution of heat and a clear colourless 
solution I’esults in which the aluminium 
chloride is present in the form of a double 
compound with ether, A 1 C 13 , This 

solution can directly be used for synthesis. 

The author observed that the condensation 
of benzanilide-imido-chloride with poly- 
hydric phenols in the presence of aluminium 
chloride to give anils of polyhydroxy- 
benzophenones, proceeds best with dry ether 
as solvent. Ichaporia, working in this 
laboratory, has also found the use of dry 
ether as solvent advantageous for Shah and 
Chaubal’s synthesis of dialkylaminobenzo- 
phenones- in which a benzanilide-imido- 
chloride is condensed with an aroma- 
tic tertiary amine with aluminium chloride 
as condensing agent. It is also found 
that a solution of aluminium chloride 
in ether can be used in place of a suspension 
of zinc chloride in ether for the Hoesch 
synthesis, e.g.^ for the preparation of 2 : 4- 
dihydroxybenzophenone from benzonitrile 
and resorcinol. All of these reactions are 
carried out in cold ethereal solution. 

Ether would appear to offer an obvious 
advantage over some of the usual diluents 
like carbon disulphide, benzene, petroleum 
ether, in which aluminium chloride is 


1 CJ. Walker and Spencer, J.C.S., 1904, 85, 
1106; Frankforter and Daniels, J. Am. Chem. 
Soc., 1915, 37, 2560. 

2 J., 1932, 650. 


insoluble. With ether as solvent, the re- 
action can be carried out in homogeneous 
solution. 

The principal drawback to the general use 
of ether for this purpose is its tendency to 
react in some eases in the presence of 
ahiminiurn chloride, the carbon-oxygen bond 
in ether being broken. The mixture of 
benzoyl chloride and aluminium chloride 
reacts with ether to give ethyl benzoate’’. 
Triphenyl chloromethane in the presence of 
aluminium chloride and ether gives triphenyl 
methyl ethyl ether, which further gives by 
decomposition triphenylmethane and acetal- 
dehyde.’^ The action of ether and aluminium 
chloride on diplienyl-dichloroinethane is 
stated by the same author'* to give benzo- 
phenone. It may be pointed out, however, 
that it seems more likely that no reaction 
takes place in the last case, and that the 
formation of benzophenone might be due to 
simple hydrolysis of the easily hydrolysable 
diphenyldichloromethane on subsequent 
treatment with water. Ether lias also been 
known to act as an ethylating agent in the 
presence of aluminium chloride, but this 
requires high temperatures. Thus Jannasch 
and Eathjen'’ obtained dietliyl phenol by 
heating phenol, ethyl ether and aluminium 
chloride at 145°. They similarly prepared 
hexaethyl benzene from benzene, ethyl 
ether and aluminium chloride.' 

A detailed account of the experiments 
above referred to will be published elsewhere. 

Attention is directed to the author’s 
observation in as much as it may find appli- 
cation in some of the numerous organic 
reactions requiring the use of aluminium 
chloride as a condensing agent, which take 
place at relatively low temperatures. 

E. C. Shah. 

Chemistry Department, 

Eoyal Institute of Science, 

Bombay, 

SeptembeTj 1934. 


The Biological Oxidation of Inositol. 

Investigations have been carried out on 
the oxidation of inositol in vitro by animal 
tissues. The wide occurrence of inositol 
in plant and animal tissues would suggest 


3 Norris, Am. Chem. Soc., 1924, 46, 2580. 
* Norris, loc. cit. 

° Norris, loc. cit. 

« Ber., 1899,32, 2391. 

‘’Ber., 1808,31, 1718. 
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tint it lias some important function which 
1: no! Tet understood. We have carried 
out =onie e.vperiments with the brain, heart, 
S iiev and liver tissues of normal adult 
1 , o rats which have been fed on our 


siaiKlard mixed diet. ... . -n-, 

111 the case of minced brain tissues, 
wi'^lied and unwashed, inositol is oxidised. 
Minced heart muscle, also both washed and 
unwashed, gives an additional oxygen up- 
take with inositol. Kidney tissues have 
been studied, sliced as well as washed after 
mincing, and have been found to oxidise 
iiiositoL Liver tissues also appear to oxidise 
inositol though at a low rate. 

The experiments were carried out with 
the Barcroft-Warburg apparatus in the 
usual way. The temperature of the ther- 
mostat was maintained at 37^ * 3 i 0*1. The 
medium in which the tissues were suspended 
consisted of phosphate buffer at pH 7.4 
and Einger-Locke solution. 

B. C. Guha. 
K. Das. 


Biochemical Laboratory, 

Bengal Chemical and Pharmaceutical 
Works, Ltd., 

Calcutta, 

September 10, 1934, 


A Preliminary Note on the Morphology 
of the Aerial and Underground Flowers 

of CommeUna henghalensls, Linn. 

Although a very common weed, Gommelina 
henghalensls is of great interest because of 
the presence of underground flowers in 
addition to the normal aerial ones. In the 
Indo-Gangetic Plains, this plant usually 
makes its appearance in the month of July 
and dies down towards the close of October. 
An examination of the spathes reveals the 
fact that each lias usually three flowers 
enclosed within it. One of these and the 
first to develop has a longer pedicel than 
the other two, and is purely male (Fig. 1). 
Of the other two, which are hermaphrodite, 
one opens in the usual way and is chasmo- 
ganious (Fig. 2 B), while the other remains 
closed and is therefore cleistogamous (Fig. 
2 C). The first flower naturally sets ho seed 
and soon withers and drops off (Fig. 2 A). 
Of the other two, the chasmogamous 
produces seeds first and the cleistogamous a 
little afterward. Only the former comes 
out of the spathe ; the latter remains bathed 
in the slimy fluid secreted within the 
spathe. 
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Each flower has 3 perfect stiinums ol 
wiiich one is yellow and ks la,rg(‘r than 
the tAVO laterals wliieh have a sky-blue 
colour. In addition to these there juv 2 or :> 
stamiiiodes whicli are stmlle. In sonn^, 
cases a very few pollen gi-a7ns Ix'tni 

seen in the anthers of tlie staniinodes also, 
but it is not likely tliat they ar(‘ ot :iny u,s<‘ 
in fertilisation. 

In addition to the blue a.(n‘ial now(‘rs 
mentioned above, every ])la.iit p]‘odu(*(‘s a, 
large number of cleistogamous (Iow(‘rs l)oriu^ 
on branches produced i'rom the h)W(u* pa rt 
of the stem (Fig. 3), whkdi penetrate^ into 
the ground. Wliile the aerial flo\v<‘rs 
occasionally fail to ripen, tlie uiKhu-ground 
ones are very fertile and tin', seeds a.rc5 s(dl- 
sown in the soil. Avery siinila.r eorniit iou 
has been reported by IIageru]d in Commvl ina 
forsMlei, 

The following account of tlie di'-veloimuml. 
of the gametophytes ax)plies to hot.li kinds 
of flowers, unless it is specially imuitiornMl 
otherwise. 

Microspor agenesis. —Tho early devidoj)' 
ment of the anther presents no uuusua.l 
features. The primary pari(d.a.l hiyvi 
divides periclinally to give ris(^ to iha. (mdo- 
thesium, one middle layer and (.a.}><‘.(.uin. 
The nuclear divisions in tlie ladtcvr a.r(‘. mito- 
tic and the cells become binucdeati^. at. or 
even before the time of synizesis in ilii'. 
microspore mother cells. By tln^. tim<‘. ilia 
reduction divisions arc over, tlun walls of th(' 
tapetal cells disorganise and the (‘.onl.eidHS 
give rise to a true pcriplasmodiinn. It is 
noteworthy to record the piT^siuuu^ of 
crystals of Calcium oxalate in th(^ [)<*ri- 
piasmodium as also seen by Ma.s(‘.r(r (n)25) 
in Tradescantia virginiea L. Wliih*. <:h<\v 
are not distinguishable in sections prc-fia-riMl 
according to the usual methods, tlu^y (am Ix^- 
readily seen by crushing a fiaash aud.lutr on 
a slide and examining it without Uiuy t.nTit- 
ment whatever. At the rnko’osporc’i stag(‘ 
some rod-like bodies are also <*.onspi(mous in 
the periplasmodium (Fig. (i), but we ha,V(‘. 
not been able to determine t-ludr (^xael 
nature so far. During the inaturatiou of 
the male gametophyte, the nuclei of tlu". 
tapetum begin to degenerate and I'mally 


1 Hagerup, O., On pollination in ilu^ <^xt 
hot aiu at Timbucto/’ Dansk. Hot, [rkiv.. 

8 , 1 - 20 . 

2 Mascre, M., “ Sur revolution de rot.-uniiu^ des 
^°^“el;nacees,” Bull. Soc. Bot., Bronce, H)25, 72, 




1 . Spathe enclosing 2 bisexual flowers and one staminate flower protruding out. 

2. Same with spathe opened. The staminate flower at (A) has dropped off; of the two others, “B”' 
is chasmogamous and “C” is cleistogamous. 

3- Stalks bearing underground flowers and the fruits formed from them. 

4, S. Tetrads of microspores. X 3^0. ■ . ' . 

6. Part of a section of an anther showing the tapetal plasmodium and microspores. X 3}0. 

7 - Pollen grain with tube and generative cells. X 390. 

5. Pollen grain with sickle-shaped generative nucleus and tube nucleus disorganised. X 390. 

9- Nucellus with megaspore mother cell and primary wall cell. One of the epidermal cells has also 
divided periclinally. X 390. [ 

10. Nucellus with tetrad of megaspores. X 390. | 

11 . Eight-nucleate embryo sac. X 390. ■ .i'v;!. . 

12 . Ovule with eight-nucleate embryo sac. X 86*5. 

whole periplasmodium is used up by the When the antlier is mature, the epidermis 
time the pollen grains are ripe. and- the middle layer are practically dis- 

Male Gametoj^hyle. — The divisions in the organised and only tlie endotliecium 
microspore mother cells are successive and remains. Several attempts were made to 
the tetrads are isobilateral (Fig. 4), although find if the pollen grains germinated in the 
occasionally they have the shape shown in antlier, but only a few such cases were seen 
Fig. 5. The microspore nucleus divides to and'^ surprisingly enough the germination 
form the tube and generative nuclei which started not in the underground flowers but iu 
are separated by a delicate plasma membrane the aerial ones. The pollen tubes were, how- 
(Fig. 7). The generative cell soon begins to ever, very short and never reached even so 
take a deeper stain and often shows a far as the wall of the anther. Even if they 
sickle-shaped appearance in later stages, could develop 'further, it is very doubtful 
A feature of some interest is that in some if they could succeed in penetrating the 
pollen grains, the tube nucleus increases in endotliecium which has the usual fibrous 
size, its reticulum spreads, and finally thickenings in all cases, 
breaks up to form small specks scattered in The Ovule. — The ovary is trilocular and 
the pollen grain (Fig. 8). contains 4 or 5 ovules, although sometimes 
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only 3 are present due to an early abortion 
of the others. Bach ovule is campylotro- 
pous and has 2 integuments which are free 
from each other and also free from tbe 
nucellus throughout their entire length, 
a feature recalling the situation seen in 
Gymnosperms. In the older ovules they 
have a peculiar folded appearance and the 
nucellus forms a short beak-like outgrowth 
which comes up to the level of the micro- 
pyle (Fig. 12). . 

Megaspor agenesis. — There is a single liy- 
podermal arehesporial cell, though occasion- 
ally two are present in some nucelli. The 
cells adjacent to the arehesporial cells, 
however, often show similar staining 
reactions and simulate the sporogenous 
tissue in appearance. 

Guignard (quoted in Sohnarf-') mentioned 
that ill C. striata no wall cell is cud off. 
We have found several clear instances of 
the presence of a wall cell in G. benghalensis, 
but it is quite true that frequently the 
arehesporial cell functions directly as the 
megaspore mother cell without cutting off 
any wall cell. A similar condition has 
been noted by MaheshwarF in OpMopogon 
icalliehianus, a member of the family 
Liliacei®. 

Another important point is the presence 
of a normal tetrad of megaspores (Fig 10). 
Guignard wrote that in 0. striata the deve- 
lopment is of the Scilla-type, but this 
appears to be incorrect, for it is unlikely 
that the two species should differ so widely 
with regard to such an important point 
as this. 

Female Gamelophyte . — The chalazal me- 
gaspore functions and the further develop- 
ment of the gametophyte is of the conven- 
tional type found in angiosperms (Pigs. 11, 
12). The synergids have well-defined hooks 
and the antipodal cells are rather ephemeral. 
The two polar nuclei meet somewhere in 
the middle of the embryo sac or towards 
one side. 

FerliKsat'io'u.— Numerous pollen grains 
were seen germinating on the stigma in both 
chasmogamous and cleistogamous flowers. 
Although we have seen but one case of 
actual fertilisation, the presence of pollen 
tubes in the older ovules seems to indicate 
that the process goes on in the normal way. 

3 .Schnarf, K., V ergleichende Embryologie der 
Angiospermen, Berlin, 1931. 

^ Maheshwari, P., Contributions to the Morphology 
of some Indian Liliaceae. I. 'i he gametophytes of 
Ophiopogon wallichianus (in the press). 


Endosperm, and Embryo —The endosperm 
is of the free nuclear type met with iii other 
members of the family that have been 
investigated. The embryo is very slow in 
its growth. 

A complete bibliography will be given m 
the lull paper which will appear elsewhere. 

P. Mahmshwari. 

Bahadur Singh. 

Agra College, 

Agra. 

September 1984, 


A Note on the Presence of Parietal Cells in the 
Nucellus of Convolvulus arvensis L. 

Dahlgren' (1927) says that parietal cells in 
the SympelalcB have been proved with 
certainty only in the Tlumhaginacece and 
C'ucurbitacem, In the Gonvolvulacece the 
absence of parietal cells has been reported in 
Guscuta lupuliformis and Guscuta epithymum 
by Dahlgren (1927) and in Guscuta reflexa by 
Johri- whose paper is to be shortly published. 

The presence of parietal cells in the Con- 
volvulacece was first reported by Peters (1908) 



Fig. 1. 


1 Dahlgren, K. V. O., “ Die JMorpliologie des 

Nucellus mit besonderer Beruck-sichiigung der 
deckzellosen Typen, ” Jahrh. Pok, 1927, 67? 

347. 

2 .Tohri, B. M., “ The development of the male 
and female gametophytes in Cuscuia reflexa ” (in 
the press) . 
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botli in Convolvulus and, Cuscutd. ^ This was 
regarded as doubtful by Dahlgren (1927) who 



explains such appearances as being due to 
the sections not being cut parallel with the 
long axis of the nucellus. 

During my work on Convolvulus arvensis 
I saw several median sections of the nucellus 
and from an examination of these I can 
state definitely that the primary archesporial 
cell cuts off a primary parietal cell (Fig. 1) 
which soon divides anticlinally with the 
result that the megaspore mother cell is 
separated from the epidermis by one layer 
of cells (Fig. 2). 

I am greatly indebted to Dr. P. Maheshwari 
for kindly suggesting me this work. 

Kanhaiya Lal Mathur. 
Government College, 

Ajmer, 

September 1934. 


The Female Pre-pupa* of Aptinoilirips ru fus. 

The description of some of the young 
stages of Aptinothrips rufus has been want- 
ing. Pfiesner^ has described the larval 

* The specimens were collected in King’s Park, 
Edinburgh, in 1931-32 and were identified with 
the collection of Dr. C. B. Williams, Chief Ento- 
mologist, Rothamsted. 

^ Priesner, H., Die Jhysanoptereyi Europas. 
Wien, 1928, pp. 160-161. 


and pupal stages of the female. The pre- 
pupa markedly differs from the pupa 
in the position of the anteiinse which 
are extended forward (Fig. 1) and from the 
larva in good many characters. 

Total length 1-1 mm. 



Fig. 1. Tlie Female Pre-pupa, of Apllnothrips 
rufus (Dorsal view). 

General body colour — pale yellow ; antennai 
legs and abdominal tip — liglit and whitish, 
eyes reddish black. 

Antennae — smooth with bases near, lying 
straight in front of the head, about one and 
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one-fiftli times as long as tlie head, clothed 
in a thin membrane. Various segments 
not clearly distinguishable, a few faint 
constrictions dividing it into four obvious 
joints; first, bowl shaped, wider than long ; 
second, third and fourth longer than the 
first ; the last segment about 3 times as 
long as the first. 

Head — light yellow, rounded above eyes, 
almost as long as broad; cheeks parallel, 
eyes short. Hairs on the head very minute, 
one hair on each side below the lateral 
profile of the eyes. Mouth-cone not visible. 
Length 120 ft, ; width 126ft- ; width across eyes 
113i^. 

Prothorax — longer and wider than the 
head but wider than long. Sides sub- 
parallel with anterior and posterior angles 
rounded. Length 130ft. ; width 160f^ ; one 
very small hair each side behind the coxae 
and two short hairs 23 /r situated at the 
posterior corners. 

Pterothorax — longer than the head or 
prothorax, almost as long as the breadth of 
prothorax, wider than long. Length 166ft ; 
width ISGft- ; Hairs very minute are situated 
on the sides. 

Legs — not well differentiated into different 
parts. Length of fore, mid and hind legs 
almost equal. 

Abdomen — pale yellow, fusiform, wider 
anteriorly and gradually tapering poste- 
riorly ending in a blunt point. Segments 
not so clearly differentiated as in the larvae. 
Length and (Breadth) of 1-7 segments are 
40 (176).u. ; 66 (186)f^ : 73 (210)^ ; 73 (220)^; 
76 (220)f^ ; 83 {210)1^ ; 70 (196)]^. Hairs on 
the abdominal segments are very minute. 
Each segment lias a short lateral hair, the 
length of these from l-5th segments being 
23 ft,; on the sixth and the succeeding seg- 
ments the hairs are longer, about 43ft'. Some 
minute hairs are also situated on the dorsum. 
On the ninth segment at the posterior part, 
a short distance from the tip, are visible 
four short, strong thorn-like yellowish 
spines (25ft' long x 8,ix wide at tire base). 
The thorn-like spines ah the posterior part 
of ninth segment with undifferentiated 
antennse lying in front of the head differen- 
tiates it from the larval and pupal stages. 

U. S. Shakga. 

Govt. Agricultural College, 

Cawnpore, 

October 5, 1934. 


The Multiplication of Scientific Societies. 

The well-meaning letter of Dr. Gilbert 
J. Fowler under the above heading, appear- 
ing in the September number of Current 
Science^ does not appear to take sufficient 
account of the geographical difficulties in 
India, to which he incidentally refers. The 
need for the multiplication of local societies 
in this country like the Biochemical Society, 
Calcutta, is both great and urgent. 

The formation of such regional bodies 
does not mean that opinion is against the 
existence of a central body, which, in fact, 
is necessary for co-ordinating researcli, 
preventing isolation as well as overlapping, 
issuing publications, etc. How exactly this 
co-ordination can be effected is a matter of 
detail. 

As regards Biochemistry, 1 think, it should 
develop »as a full-fledged independent science 
in this country as elsewhere, througli its own 
organisations. There is unfortunately still a 
tendency in India to make it subordinate to 
Chemistry, Biology or Medicine. This does 
not appear to be in the interest of the 
science, although Biochemistry must neces- 
sarily be intimately connected with chemistry 
and the biological sciences. 

B. C. Guha. 

P. 109, Lake Eoad, 

Calcutta, 

October 8^ 1934. 


I REGRET that Dr. Guha’s letter seems to 
ignore the essential point that I strove to 
make in my letter in your September issue 
under the above heading. I wished to 
stress the importance above all things ol a 
unity of interest in science to which geogra- 
phical difficulties should be incidental. 

In the case of Biochemistry the Society 
of Biological Chemists, India, having its 
headquarters in Bangalore where Bio- 
chemistry was first systematically tauglit in 
this country, has not sought in any way to 
work independently of existing organi- 
sations. nevertheless, it has held valuable 
meetings, has published some useful mono- 
graphs and Annual Keports and has a 
flourishing Branch centre in Bombay. It 
holds its Annual Meeting on the occasion 
of the Science Congress and has in fact so 
far represented the interests of biochemical 
workers throughout India. Its President 
is a distinguished Calcutta scientist and the 
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Executive Committee contains representa- 
tives from seven centres in addition to 
Bangalore. The contributors to the annual 
summary of Biochemical and Allied Ee- 
search in India are equally representative. 


The necessity, therefore, for a new Society 
is difficult to understand. 

Gilbert J. Fowler. 

Bangalore, 

October 8, 1934. 


Research Notes. 


On the Class-number of the Imaginary 
Quadratic Field. 

Eecently ITeilbronn {Quarterly Journal of 
Mathematics, 5, 150) has proved an old 
conjecture of Gauss which remained 
unproved for more than a century. The 
knowledge about the class-number and the 
structure of the class-group of an algebraic 
field are of great importance in the theory 
of algebraic numbers. They certainly in- 
crease our knowledge of higher arithmetic. 
Unfortunately we know very little about 
them. Even in the case of the simplest 
fields such as the quadratic and cyclotoinic 
fields very little is known. The latter field 
is important in connection with the great 
theorem of Fermat. The case of the imagi- 
nary quadratic field is very interesting as 
it is connected with many other branches 
of mathematical analysis. For instance, 
the equation of the singular moduli of 
elliptic functions is of degree equal to the 
class-number h{~d) of the field \/Ti) 

where the ratio of the periods of the elliptic 
function belongs to K(v^^). The Galois 
group of the equation is isomorphic with 
that of the corresponding class-group. 
Gauss conjectured that h (~d) -> oo as 
d oo. He also proved that the highest 
power of 3 contained in h { — d) is 2^’’ where 
t is the number of odd prime factors of d. 
Dirichlet gave a finite expression for the 
class-number in terms of quadratic residues 
which he proved by transcendental methods. 
This is considered by most mathematicians 
as one of the most beautiful results in 
mathematics. That was the first time when 
transcendental methods were employed in 
the theory of numbers and this has grown 
to be a separate branch of mathematics 
since thirty years. There was great deve- 
lopment in this branch especially during 
the past twenty-five years. After fruitless 
attempts by many scholars, Heilbronn has 
proved the first conjecture of Gauss by 
transcendental methods. FTow Chowla 
(Proc. Indian Acad. Sci.^ 1934, 1) by sharp- 


ening his methods slightly, proved that 

also tends to oo with d which includes 

another hypothesis of Gauss and EulCr. 
This means that the degree of the equation 
of singular moduli tends to oo with d. In- 
cidentally this also shows those values of d 
for which the equation is solvable by means 
of quadratic radicals only are finite in 
number. It is interesting to find out 
whether there are only 65 of them as was 
conjectured by Gauss and Euler. It appears 
that the upper bound of d obtained by 
these methods will be far greater than 1818 
the highest number tliat Gauss has given. 

K.V.I. 


Zur Auflosbarkeit der Gleichung x'"’ — Dy“ = — 1 . 

It is known that the diophantine equation 
— D//“=l has an infinite number of solu- 
tions for every value of D, but the equation 
x'~T>y'= —1 does not always possess a 
solution. A necessary condition for this 
is that it should be expressible as the sum 
of two squares but this is by no means 
sufficient. We have of course tlie continued 
fraction condition but this is neither a satis- 
factory one nor is it simple. The question 
of its solvability is important in connection 
with the class number and class field of 
K( VT)). Epstein ( Jour. fur. Math., 4 , 
171) treats this problem by very elementary 
methods and obtains the necessary and 
sufficient condition to be as follows. 
There should exist rational integers a, /3, 
y, S, such that hy-, KS- ySl—l, 

anda“ 1-y- is a square. Some other allied 
results are also given in the paper. 

K.V.I. 


Lineare Raume mit unendlich vielen KoordL- 
naten und Ringe unendlicher Matrizen. 

Kotete and Toeplitz have contributed a 
very interesting and thoroughly developed 
paper (Jour. fur. Math , 1934, 4, 171) on 
linear spaces with an infinite number of 
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coordinates and rings of infinite matrices 
in them giving a unified theory of maximal 
matrix rings in various spaces. The diffi- 
culties that arose in tlie solution of this 
problem have been conquered by introduc- 
ing another related space, which is named 
the dual space and which is formed out of 

all points. V — . . . . , ) for 

which Euy, Xn converges for all points X= 

. x,n . . . . ) of the original space. 
If the" dual of the dual space is identical 
with the original, then the space is called 
perfect (Voll Kommen). With these defi- 
nitions they proved the following theorem ; 
viis.) If the space is perfect then all 
its linear transformations form a maximal 
ring.” The three spaces for which this 
theorem was known are easily shown to 
be perfect by the authors. We have here 
a separate proof which is very direct and 
simple, . 

Next they introduce the idea of converg- 
ence and strong convergence without the 
introduction of a metric as has been done 
by Hausdorff and Banach. This allows 
them to introduce homomorphy of two 
spaces and this has made it possible to 
consider the problem of obtaining all spaces 
homomorphic with a given perfect space. 
It is also shown how the problem of solving 
an infinite number of equations with an 
infinity of unknowns can be extended to 
spaces other tlian those for wliich the 
Xiroblem has been solved. The paper is 
complete in itself and is a very simple and 
elegant theory of linear transformations in 
generalised Ililbertian spaces. 

K.V.I. 


The Magnetic Moment of the Proton. 

Ever since Estermaiin, Frisch and Stern 
(Zs. f. Physilij 1933, 85 , 4 and 17) found out 
that the magnetic moment of the proton 
was 2*5 nuclear magnetons instead of one 
nuclear magneton as was assumed before, 
the accurate determination of the magnetic 
moment of the proton has become a press- 
ing problem which must be solved before 
any explanation of nuclear magnetic 
moments on a quantitative basis is attempt- 
ed. Now I. I. Eabi, J. M. B. Kellogg and 
J. E. Zacharias (Phys. Rev., 1934,46,157) 
describe a new method developed by them for 
determining the protonic magnetic moment. 
Whereas Stern and his collaborators 
measured the protonic moment by a direct 
measurement of the force on a proton, a 


correction being made experimentally for 
the rotational magnetic moment of the 
molecule, tlie present authors have used a 
method involving the interaction between 
the proton and the valence electron. The 
experiment consists in defiecting a narrow 
beam of hydrogen atoms in the normal 
state by a weak magnetic field of sufficient 
inhomogeneity. Instead of assuming the 
two orientations -h -J- and the 

atom takes up four positions corresponding 
to ~ (i"? 2 'h (i"? 2 )? ( '27 * 2 ) and 

(“27 “J)* The component of the magnetic 
moment of the atom in the direction of 
the field is respectively /i=l, = 

/g = —xlil + x^}^ and == — Here x is 
given by x—2fi^ lljlic/Ev where H is the 
magnetic field, and Av is the hyperfine 
separation between the levels F™1 and 
F=0incm."^ Then A v=(327T/3/^c) 
or putting in numerical values /Xp Av/ 
0*0169. The deflection of abeam is given 
by 

Srf= 4 |^-X^(?i= + 2ZiZ..) where 6 are the 

functions mentioned above, and I, are 
the distances the atom moves in the“ field 
and outside the field. The atoms are pro- 
duced in a long Wood discharge tube. They 
pass through slits and traverse the inhomo- 
geneous magnetic field due to two wires 
carrying a current and the deflected beam 
is detected by means of a plate covered 
with molybdenum oxide which turns blue 
where the atomic hydrogen falls on it. 
The value obtained for the protonic mag- 
netic moment was 3-25 + 10% nuclear mag- 
netons. The discrepancy between tliis and 
Stern’s value 2*5±107o is rather large, but 
at present the substantial agreement of the 
two results is more important tlian their 
dilTerence. 


The Magnetic Moment of the Deuton. 

The magnetic moment of the deuton is a 
very important quantity since the deuton 
is the simplest composite nucleus and a 
study of its magnetic moment is necessary 
for an understanding of nuclear structure. 
Theoretical explanations of nuclear magne- 
tic moments depend upon the assumed 
value of the magnetic moment of the 
neutron. There is a conflict of opinion 
regarding this quantity, Schiller and his 
collaborators considering it to be —3*5 
while Lande and Inglis, and Altschuler 
and Tamrn hold it to be —0*6. The 
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magaetic moment of the deuton must throw 
some light on. that of the neutron since it 
consists of a neutron and a proton. I. I. 
Eabi; J. M. B. Kellogg and J. E. Zacharias 
{Phys. Rev., 193t, 46 , 163) have determined 
the magnetic moment of the deuton by the 
method they have developed for the proton 
and described in a previous note in this 
journal. They obtain the value 0- 77 ±0- 2. 
Since their experimental method does not 
determine the sign of the magnetic moment 
the value for the proton may be ±3-25 
(± 10%) while that of the deuton is ± 
0-77 (±0*2). If the magnetic moments of 
the proton and the neutron are supposed 
to add together into that of the deuton, 
the magnetic moment of the neutron must 
be about ±2-5 or ±1-0 according as the 
magnetic moments of the proton and 
neutron are directed opposite to each other 
or in the same sense. 


A New Method for the Determination of 
Transport Numbers. 

The Balanced boundary method ” deve- 
loped by Hartley and co-workers {Trans. 
Faraday Soe., 1934, 30, 648-662) provides 
a long-felt want in the moving boundary 
technique for the determination of trans- 
port numbers. Hitherto, one had but to 
resort to the less accurate Hittorf method 
for determining the mobilities of the more 
slowly moving ions. For, one is confronted 
with a great difficulty in finding a suitable 

indicator ion ” in such cases. This diffi- 
culty is eliminated in the present method 
by having the slow moving ion in the 
indicator position and determining its 
mobility by taking advantage of the 
Kohlrausch relation : 

Tk _ ^ 

where T^ and Tx^^ are the transference 
numbers of the leading and the indicator 
ions at their respective concentrations 
Ok and Cx^ the latter referring to the con- 
centration of the indicator ion in the 
Kohlrausch solution (and not in the initial 
solution). 

Conductimetric analysis in situ is shown 
to be inapplicable for determining the 
composition of the Kohlrausch solution, 
owing to the interference by the cyclic 
electrolysis taking place at the A.C. elec- 
trodes. An ingenious device has been 
adopted for displacing samples of Kohl- 


rausch solution into an external conducti- 
vity cell, without the interruption of the 
direct current. A new method' of getting 
at a sharp boundary has also been described. 

The method has been tested by measure- 
ments with electrolytes whose transference 
numbers are known and is shown to be 
capable of a higli degree of accuracy. 

K.S.G.D. 


The Significance of X-Bodies in Virus- 
Infected Plants. 

The occurrence of cell inclusions in plants 
caused by viruses or ultramicroscopic organ- 
isms, has been recorded in a comparatively 
few cases, chiefly the mosaics. Apart from 
their ^etiological significance as the prime 
cause of disease, their utility for diagnostic 
purposes is quite limited to the few cases 
known so far. The simple question why 
these bodies are not to be traced in other 
cases of virus attacks, has been engaging 
the attention of several workers. It has 
been held in some quarters that these are 
mere artefacts probably brought about 
through abnormal metabolic products 
resulting from infection and reacting with 
the fixatives employed in the cytological 
technique. Since biochemical changes con- 
sequent on virus attack need not be the 
same in all species of plants examined, this 
reaction to coagulating agents, apparently 
identical in the few instances known, may 
be due to similar changes induced in the 
different host plants. Whether this is so 
or not, is a matter for biochemists to 
investigate. It will, however, readily be seen 
that these new aggregates or X-bodies result 
from virus infection and can by no means 
be construed as the cause of disease. 
The most recent contribution on this subject 
is due to Sheffield {Ann. Appl. Biol., 1934, 
21, No. 3). Following his previous announce- 
ment on the action of molybdenum on 
cells, the author chooses two lines of inves- 
tigation — the first on the action of coagu- 
lating agents on the cytoplasm and the 
formation of bodies in uninfected plants 
and the second on the possibility of inhi- 
biting the formation of the same through 
chemicals in virus-infected plants. For 
want of adequate knowledge on this prob- 
lem, the author has to adopt miss or hit 
methods, as the choice of chemicals lies 
within wide limits. Among those tried 
many are fixatives used in cytology. The 
reason for selecting nickel, molybdenum, 
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etc., are apparently due to the presence of 
these in such plants. One wonders if these 
are exclusively present in diseased cells 
alone. Moreover, the choice of tissues is 
indeed the prime factor in such studies and 
olfers the greatest difficulty. In spite of 
this, the attempt made by the author is a 
valuable one, though cursory. The tech- 
nique adopted is simple and neat. The 
intra-cellular changes have been followed 
closely. Practically everyone of the 
reagents employed, has been able to induce 
stimulation of the cytoplasmic stream 
similar to that which is observed as a result 
of virus infection. The author has detailed 
his observations on the action of ammonium 
molybdate and reproduced in a striking 
maimer, the formation of bodies similar to 
those observed in aucuba mosaic. It has 
been argued by the author that this pheno- 
menon is not due to a secondary effect, 
since analysis of treated plants showed an 
^ abundance ’ of molybdenum. It may, how- 
ever, be suggested, that the application of 
such heavy chemicals might result in the 
non-availability of certain essential nutri- 
ents, particularly phosphorus in this case. 
This reaction to such treatments may be 
intense when the chemical is added to the 
soil. Several other coagulating reagents 
were tried and have responded quite similar 
to the above — thus lactic acid induces the 
formation of amoeboid bodies — resembling 
the X-bodies of tobacco mosaic. 

The second technique of inhibiting the 
formation of such bodies in virus-diseased 
plants or of dispersing the same artificially 
after their formation, has not yielded any 
positive result. The subject is one of great 
interest and it is hoped ere long a further 
contribution on the same will be made 
available for the benefit of others engaged 
in the same field. 

V. I. 


Synthetic Resin Hyrax. 

In a recent note to the American Minera- 
logist (August 1934, 19, Xo. 8) E. X. 
Cameron of Xew York University has dis- 
cussed the utility of synthetic resin Hyrax 
as a mounting medium; and it comes 
as a welcome relief to many petrographers 
and mineralogists since the use of Hyrax 
as a medium for mounting minerals has 
got a decided advantage in certain cases 
over Canada Balsam. Since Hyrax has a 
high index of refraction it will be useful 


for (i) increasing the relief of minerals 
Avliich have indices of refraction close to 
that of Balsam; (ii) decreasing the relief 
of minerals which have indices of refraction 
much above that of Balsam; (iii) facilitat- 
ing the identification of certain minerals. 
Hence the use of Hyrax as a medium for 
permanent mounting of grains belonging 
to mineral assemblages in sedimentary 
petrography is obvious. The photomicro- 
graphs reproduced in the paper further 
show that intergrowth of minerals can be 
better studied when mounted in Hyrax. 


Periodicity of Earthquakes. 

Chaules Davison, the noted seismologist, 
has contributed a very interesting paper 
on the diurnal periodicity of Earthquakes 
in the July- August number of the Journal 
of Geology (42, Xo. 5). By counting the 
number of Earthquakes occurring during 
each hour of the day from the recorded 
observations from Great Britain, Japan 
and Italy, he has shown by means of a 
curve that the maximum falls at midnight 
and at noon. Considering the causes of 
earthquakes, he has further suggested that 
if the earthquakes were mainly due to 
depression of the crust, the diurnal and 
annual seismic epochs would occur about 
midnight and midwinter. If the earth- 
quakes were mainly due to elevation of the 
crust the epochs would occur about noon 
and midsummer. Further an important 
conclusion has been established that the 
midnight and the winter maxima prevail in 
regions where the eartliquakes are of low 
intensity, and the noon and summer maxima 
in regions visited by mucli destructive 
shocks. 


The Idiochromosomes of an Earwig 
Lahidura riparia. 

J. J. Asana and Sajiro Maicino (Jour, of 
Morph.., 1934, 56, Xo. 2, 361-370) describe 
the behaviour of the chromosomes in 
the Indian Earwig Lahidura riparia, with 
special reference to the idiochromosomes. 
The diploid number is 14-— 6 pairs of 
autosomes and XY in the male and 6 pairs 
of autosomes and XX in the female. The 
autosomal constitution of this species differs 
from that of the American forms described 
by Morgan ; the latter has two chromosomes 
less than the former. The X and Y chromo- 
somes have been traced to a single chro- 
matin nucleolus derived from the nucleolus 
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of the last spermatogonial division. The 
chromatin nucleolus retains a clavate form 
through the early and late periods of growth 
and this form is retained till the rnetaphase 
of the first spermatocyte division is readied. 
It is suggested that the behaviour of the 
chromatin nucleolus of Labidura riparia 
resembles that of the chromatin nucleolus 
of Oecanthus described by Makino. 


A Cyto logical Study on the Liver of the Rat 
with Special Reference to the Intracellular 
Blood Canaliculi, Inter- and Intra-cellular 
Bile Canaliculi, Mitochondria and Golgi 
Apparatus. 

Edith M. Jay {Jour, of Morph. , 193L 56, 
No. 2j 107-4.21) makes an interesting con- 


j tribution to the cytology of the liver and 
interprets the so-called ^ intracellular blood 
canaliculi’ described by Schafer and his 
pupils as artefacts produced by the dif- 
I ferences in the osmotic pressure and the 
i mechanical pressure employed in admini- 
stering the injection masses. She further 
demonstrates that a permanent system of 
intracellular bile canaliculi described by the 
earlier authors does not exist and that the 
[ short knob-like intracellular projections 
! from the intercellular bile canaliculi possibly 
I represent the passage of the secretion into 
1 the intracellular canaliculi. Though the 
presence of glycogen effectively hinders the 
processes of impregnation, her observations 
on the Golgi apparatus and mitochondria 
confirm those of Cramer, Ludford and 
others. 


Irrigation Research in the Punjab. 


^IIE investigations that are being carried out 
in tlte Punjab have as their objects the 
improvement of design of irrigation works, the 
reduction in the costs of maintenance of channels, 
the control of the rise in water-table and the 
prevention of soil deterioration under irrigation. 
In order to carry out these investigations the 
following Sections of the Tlesearch Institute have 
been established^ — Hydraulic Section, Physics 
Section, Chemical Section, Land Reclamation 
Section, the Statistical Section and Mathematical 
Section. A brief account of the work of each 
of these sections will indicate the lines of work 
that are being pursued. 

1 . Hydraulic Section. 

The essential features of a canal headwoiks 
in the Punjab are a weir across the river to obtain 
command of the land and the head regnlator 
of the canal. One or more bays of the weir are 
provided witli under-sluices for purposes of 
regulation. The weir consists usually of an 
upstream apron, the crest, the down-stream 
glacis, and below this the block protection. If 
the weir fails, the whole of the irrigation in the 
canal system may fail. It is of the greatest 
importance, therefore, to design a weir so that 
it will stand up to the strains imposed upon it. 
Experience has shown that weirs may fail due to 
the floor not being heavy enough to withstand 
the unbalanced head. The pressure under the 
floor of the weir may be greater than the pressure 
on the floor. If this is the case and the floor is 
not strong enough, the floor may be lifted with 
disastrous consequences. The pressures under 
the floor as influenced by various forms of design 
have been studied and, as a complement to this, 
methods for controlling the flow on the floor have 
been investigated. 

The methods for investigating the flow under 
a work have already been described.^ The 
tanks used in these experiments have been adapted 


1 Curr. JScL, 1934-, 2, 367-370.. 


to study the pressures and it is now possible to 
place a model of a work in the tank and determine 
accurately the pressure that will be experienced 
on any portion of the floor. Pig. .1 is an illustra- 
tion of a model of Khanki Weir, Bay 4. 

In order to examine the condition of flow over 
the weir a scale model of a section of the weir 
was constructed in the flume and the effects 
of the different conditions of flow actually experi- 
enced on the work were examined. In order 
to render a work safe, it is essential that the 
velocity of flow in contact with the floor should 
be as low as possible. The methods that have 
usually been adopted to secure this have had as 
their basis the destruction of energy. The subj ect 
was examined from an entirely new point of 
view in the Punjab Laboratory. If the high 
velocity water could be thrown to the surface 
and a low velocity water be made to travel along 
the floor, the problem would be solved since a 
high velocity water at the surface could do no 
damage. It has been found that by placing 
arrows a short distance below the crest of the 
weir and raised control, blocks at the end of the 
floor, the flow along the floor is extremely slow. 
Determinations of the velocity of flow show that 
the arrows throw the high velocity water to the 
surface and tlie raised blocks check the flow of the 
bottom water. Under these conditions no stand- 
ing wave, as usually understood, is formed. 
Instead a wave which has only a forward motion 
is produced. In order to distinguish this wave 
from the standing wave it has been designated 
‘‘forced jump Fig. 2 shows the design adopted 
for the down-stream" protection of Ivhanki Weir. 

An examination has now been made of the 
prototype after the weir, according to the new 
design, has been in operation for one flood season. 
It has been found that the form of flow over the 
weir is identical with that predicted from the 
model experiments and that the greatest settle- 
ment of the loose blocks has been 0*5 foot, 
while the majority have not settled more than 
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ri-2 foot. This will result in a large reduction 
in the cost of maintenance of the weir since 
large scour holes down-stream had to be filled 
annually \%ith stone at considerable expense. 

One flirt lier important result of these investiga- 
tions is worth noting. Before these ^ studies 
were made, it was impossible to obtain informa- 
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supply. This widening of the channel entails 
a large expenditure to protect the banks. The 
object of the investigation is to study the relation 
of the silt type to the hydraulic data of the chan • 
nel. Observation sites have been established on a 
number of channels and the hydraulic data that 
has been collected is being examined in conjunc- 
tion with the characteristics of the bed silt at 
the site. 

The silting of the Upper Bari Doah Canal has 
been thoroughly examined both at observational 
sites and on models. As a result a silt ejector has 
been designed and constructed for dealing with 
the silt. This ejector is now returning to tlie river 
about thirty per cent, of the silt entering the canal. 
Extensions of the ejector are to be made with the 
object of controlling the remainder of the silt. As 
a result of this silt control maintenance costs will 
be considerably reduced and the re-modelling of 
channels will become unnecessary. 

2. Statistical Section. 

The research work of the Statistical Section 
has been mainly concerned with the investigation 
of the factors responsible for the rise in water- 
table in irrigated areas in the Punjab. 

The data for the work are the records of well 
levels, the rainfall, the canal discharges and the 
areas commanded. Fortunately the level of 
water in the w^ells has been recorded from a 
considerable time. The first area investigated 
was that commanded by the Upper Ohenab Canal 
In which water-logging is a serious problem. It 
has been shown that the variation in the level 
of the water-table is directly related to the amount 
of the monsoon rainfall. Fig, 3 shows the 
relationship between the rise in water-table 
between June and October and tlxe monsoon 
rainfall. 

It has also been demonstrated that there is no 
dgnihcant relation between the amount of irriga- 
tion water that the land receives and the rise in 
vater -table. From the data it has been shown that 
the greater the amount of irrigation water that 
the land receives the less is the rise in water-table 
oetween June and October. This is duo to the 
’act tliat in years of low rainfall tliere is a keen 
iemand for canal water, while in years of high 
•ainfall the demand for water is relatively small. 
:>ince it has been shown that the monsoon rainfall 
s the factor determining the variation in the 
vatei'-table, the foregoing result as regards 
rrigation is to be expected. Before the investiga- 
:ions of the causes of the rise in water-table had 
been carried out, canal closures were tried as 
m anti-water-logging measure. These have now 
Deen discontinued as they have been shown to be 
Df little value and interfere with agricultural 
operations to a harmful extent. 

Since the monsoon is a characteristic of the 
dimate of the Punjab, objections to the above 
ionclusions have been raised on the ground 
bat water-logging was not a serious problem 
oefore the advent of the canals. The reason for 
be monsoon rainfall now caiising water-logging is 
bat the canals and distributaries frequently block 
be natural drainage lines and the land in these 
irainages is now cultivated thus preventing 
my run-off. Government has now accepted this 
dew and has sanctioned a programme of drainage 
levelopment over a period of five years. The 
mportance of drainages as part of any scheme 
or irrigation development has now been recog- 


nised and attention will be paid to this in all future 
projects in the Punjab. 

As a result of these investigations, the Statistical 
Section has been called upon to examine altera- 
tions in alignment of channels and in water supplies 
from tlie point of view of water-logging. In 
addition to this major problem, the results 
obtained from the silt observation sites and the 
pressure observation on models of works are 
dealt with . 



3. Chemical and IjAnd Reclamation Sections. 

The Irrigation Research Institute is unique 
in that it not only studies the design of works and 
the running of channels but also deals with the 
effect of the water on the land irrigated. One 
of tlie major iiTigation pi*oblems in the Punjab 
is the deterioi*ation of land under irrigation. As 
the Punjab is an agricultural province any deterio- 
ration in the soil must mean a reduction in revenue. 
Further, while there is sufficient water in the 
Punjab rivers for the present ii-rigation, it is 
doubtful whether it would be sufficient for land 
reclamation, a process that would have to be 
undertaken if land were allowed to deteriorate 
on a large scale. In the case of the Punjab, 
land deterioration may be defined as the replace- 
ment of the exchangeable calcium in the soil 
by sodium which results finally in the production 
of a soil in which alkalinity limits crop production. 
The soils of the Punjab plain are characterised 
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by- an alkaline reaction and the presence of sodium 
salts in varying proportions. Under irrigation 
the tendency is for the salts present in the soil 
to circulate in the surface layers with the result 
that either the salt content or the alkalinity 
increases. 

Extensive soil and crop surveys have been made 
recently and these have shown that when the pH 
value of the soil rises above 8*5, the crop yield 
tends to diminish and when, the pH value rises 
above 9*0, rice is the only crop that can be grown 
successfully. When the pH value rises above 
9‘6 even rice cultivation is a complete failure. 
Large areas have already gone out of cultivation 
on account of the increase in the alkalinity and 
salt content of the soil. A much more subtle 
change is, however, also taking place in the 
irrigated areas. Since the soil usually contains 
small quantities of salts, base exchange reactions 
will take place. The rate at which these reactions 
take place wdll be slow and hence the deterioration 
may pass unnoticed until it has become acute. 
Recent work in the laboratory has been devoted 
to the study of these reactions. It is well known 
that calcium salts can react with a sodium clay 
to form a calcium clay. What does not appear 
to have been realised is that the presence of a 
calcium salt in the soil can prevent the reaction 
between a sodium salt and the clay. This dis- 
covery is of considerable importance as it at 
once points to the method for the prevention of 
land deterioration under irrigation. The 
periodical application of gypsum to the land 
under irrigation prevents the exchange reaction 
between the sodium salt and the soil and, hence, 
maintains the land in its original state of fertility. 
Since it has been shown that crop yields decline 
when the pH value of the land exceeds 8*5, 
gypsum should be periodically applied to land of 
this pH value to prevent further alkalinity being 
produced. As slow deterioration of this type 
may pass unnoticed it is essential to have periodi- 
cal surveys of the irrigated areas so that the neces- 
sary steps can be taken to check soil deterioration 
before it becomes serious. 

The quality of irrigation water is a subject 
closely allied to that of soil deterioration. 
Investigations carried out in the Research Institute 
have shown that in the case of the best Punjab 
soils, base exchange takes place between the 
clay and a scclium salt when the latter is present 
to the extent of 60 parts per 100,000. It has 
already been shown that the presence of calcium 
salts in the water can prevent this exchange 
reaction. The quality of irrigation water has 
to be considered, therefore, not only from the 
point of view of total salts but also from tlie stand- 
point of tlie ratio of calcium to sodium ions in 
solution. Standards based on this ratio are 
now being used for classifying Punjab waters. 
This investigation is of considerable importance 
in connection with the use of drainage w^aters 
for irrigation and also in connection with the 
proposed development of tube-well pumping in 
the Punjab. In the case of drainage waters, it 
frequently happens that the drains have no out- 
fall and hence the water has to be pumped into 
canals and distributaries in order to dispose of 
it. It is essential to control the amount of water 
pumped from the drains if the mixed waters are 
not to be harmful. 

A further important point in connection with 


the quality of irrigation water has recently been 
brought to light. The quality of the water 
is not only determined by the salts in solution, 
but also by the characteristics of the soil to be 
irrigated. It has been shown that the higher 
the pH value of the soil, the greater is the quantity 
of sodium ions in solution necessary to cause 
base exchange to take i>lace. It follows from 
this that the higher the pH value of a soil to be 
irrigated, the higher can be the concentration 
of salts in sohition without causing soil deteriora- 
tion. A soil survey of the land to be irrigated 
is as essential as the examination of the water 
supply in deciding whether the water is fit for 
irrigation purposes in a particular area. 

The complement to the laboratory investiga- 
tions is the field w^ork which is being carried out 
at the Chakanwali Research Farm. Rice is 
one of the few crops that can be grown on a soil 
with a high pH value. It is, therefore, the first 
crop to be taken during the reclamation of alkaline 
or salt land. It has been demonstrated, however, 
that rice plays a definite part in the reclamation 
process which consists essentially in removing 
the exchangeable sodium from the soil. Under 
the rice crop the carbon dioxide produced by the 
roots assists in the removal of the exchangeable 
sodium converting it finally into sodium bicarbo- 
nate which is removed in the drainage water. 
A considerable amount of information has now 
been acquired as to the types of Punjab soils 
that can be reclaimed and the types that cannot 
economically be brought under cultivation. The 
information gained has been of great value in 
connection with the soil surveys for project 
purposes. As the main factors limiting crop 
production on Punjab soils are alkalinity and 
salts a classification based on these factors has 
been reached which indicates their probable crop- 
producing power. 

From the analytical results of the soil surveys, 
soil maps are prepared showing the soil classifica- 
tions of the areas. For project purposes it is 
considered that if sixty per cent, of the land to be 
irrigated is not classified as directly cultiirable 
the project is unlikely to be financially successful. 

4. Physical 8ec:tion. 

The Physical Section is a relatively recent 
addition to the Institute. Tlie work of tliis 
section has been developed along two main lines : 
(a) the investigations of the characteristics of 
silt, and (6) the study of the seepage from canals. 

The only satisfactory method of cliaracterising 
a silt is by the distribution curve for particle size. 
The first work of the Physicist was to evolve a 
suitable instrument for determining the distribu- 
tion curve. An ingenious Siltometer based on the 
principle of the optical lever was develoi^ed and 
is now adopted as the standard instrument in 
India for silt analysis. A series of observation 
sites on a number of canal systems were selected. 
The hydraulic data of the channels at these sites 
are taken daily and bed silt samples of the sites 
are also obtained. When a sufficient amount of 
data has accumulated it is hoped that it will be 
possible to determine a relation between the 
hydraulic data of the channel and some character- 
istic of the bed silt. At present from the form of 
the distribution ciirve it is possible to say whether 
the channel is silting or scouring, whether the 
channel has poor command, whether the channel 
has a stable bed or not and whether the channel 
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conditions are likely to improve or not. It is 
becoming more and more evident that one of the 
most reliable indications of the behaviour of a 
channel is the character of the silt as determined 
by the distribution curve. 

Seepage losses from canals are important for 
a number of reasons. Any loss by seepage is 
water-wasted ; seepage may lead to water-logging 
in the neighbourhood of the canal and an allowance 
has to be made for seepage losses in determining 
the amount of water that must be supplied at the 
head of a channel to irrigate a given area. The 
study of seepage losses has been carried out 
both in the laboratory and in the field. The 
laboratory work has involved the study of the 
transmission coefficient of sands and soils. A 
relationship has been developed between the 
transmission coelficient and the distribution 
curve for particle size. It is now possible from 
the distribution curve to determine the probable 
transmission coefficient. The field-work has 
shown that soil type is the main controlling factor 


in seepage losses. The presence of salt in the 
soil does, however, increase considerably the 
seepage losses in soils that would be impermeable 
as determined by the distribution curve. 

The Institute has also carried out investigations 
for Government Departments other than the 
Irrigation Branch. The investigation of soil 
temperatures in connection with the capacity 
of underground cables, the examination of the 
causes of failure of plantations, the investigation 
of methods of increasing the fodder supply in 
bar (mi tracts, and the study of forest soils are 
instances of the work that has been carried out. 

From this brief account of the research work 
now being done, it will be seen that attention 
is mainly devoted to problems of immediate 
practical importance. Work of a more funda- 
mental nature is being undertaken in all sections, 
but until the investigations into problems of 
immediate practical value have been completed, 
this side of the Institute’s activities must be 
curtailed. 


The Art of Chromium-Plating.* 

By K. B. Parekh. 


^HE last decade has ceen an enormous deve- 
“*■ lopment in chromium-plated finishes applied 
to a variety of domestic and industrial articles. 
The merits of chromium as compared with nickel 
or silver plating have been thoroughly established, 
and there are at present in Great Britain more 
than 600 plants in operation. Perhaps the most 
striking characteristic of an electro-deposit of 
chromium is its stainless brilliancy and the ease 
with which the surface of chromium -plated articles 
can be restored to their original lustre, merely by 
wiping with a clamp cloth. In addition, its 
extreme hardness and resistance to tarnish 
furnishes a plating that amply justifies the 
popularity it enjoys for numerous purposes. 

Although chromium-plating was known eighty 
years ago tlie perfection in the art readied to-day 
is of comparatively recent origin. ''Iliis is due 
to special dilTiculties of a technical nature involved 
in the process of chromium -plating, which could 
be solved only after a jirolonged and intensive 
vstudy of the problem. 

Bloom, Piersol and others have contributed 
much towards the solution of the problem. In 
the case of chromium against other metals, the 
plating range is very critical, hence, current 
density, temperature, concenti'ation of the bath, 
etc., liave to be carefully controlled. Other 
difficulties of a special nature are connected 
with (1) choice of suitable anodes, (2) poor 
throwing power and (8) evolution of gases and 
porosity of the deposit. 

Instead of the simple form of soluble anodes 
employed for every other form of electro-plating, 
chromium-plating calls for insoluble compound 
anodes whose composition also influences the 
success of the oxjeration. Most suited anodes 
are those of lead-antimony alloy (lead : antimonv : *. 
94 : 6). 


* Abstracted from a lecture delivered before 
South Indian Science Association on 24th Septem- 
ber. 1934. 


At any given temperature the character of the 
deposit and also the cathode efficiency vary with 
the current density. On irregularly shaped 
articles the current density is never uniform. 
Consequently, in plating such articles it is difficult 
to obtain a bright deposit over the entire 
surface. The coating on the recessed part may 
be very thin or entirely lacking. This poor 
throwing powei', however, is a decided handicap 
and has taxed the patience of those engaged in 
commercial chromium -plating. This has been 
ovei’come in practice by more or less empirical 
methods. Best results have been obtained by 
expedients that make the cathode current density 
more uniform such as, by increasing the distance 
between anodes and cathodes, using concentric 
or auxiliary anodes, or attaching a wire to the 
cathode which acts as a “thief” and takes away 
the excess current from points nearer to the 
anode. 

In the usual chromium-plating bath, a consider- 
able amount of hydrogen and oxygen arc evolved 
and these carry along with tliem chromic acid in 
the form of a fine spiay. Tliese sprays can 
joerforate the nasal sex)tum and cause sores on 
the hands and feet of the workman. Tlie chromic 
acid spray can be minimised to a certain extent by 
covering the bath with a layer of kerosene oV 
paraffin oil. But in commerical plating, the 
gases are removed by adequate ventilation. As 
the chromium deposit occludes a large amount 
of the hydrogen, the plating is frequently full of 
pores and cracks if suitable precautions are not 
taken. Very thin coatings contain round pores. 
As the thickness is increased the porosity decreases, 
reaches a minimum and then increases wdth the 
thickness till large cracks are formed either in 
parallel or at random. Under the usual condi- 
tions of deposition there is a minimum porosity 
when the chromium coating is about 0-00002 inch 
thick. Further, due to the extreme hardness of 
deposit it is impossible to buff or burnish the 
articles so as to obtain a better finish as is the 


170 


CURRENT SCIENCE 


[October 1934 


by- an alkaline reaction and the presence of sodium 
salts in varying proportions. Under irrigation 
the tendency" is for the salts present in the soil 
to circulate in the surface layers with tlie result 
that either the salt content or the alkalinity 
increases. 

Extensive soil and crop surveys have been made 
recently and these have shown that when the pH 
value of the soil rises above 8*5, the crop yield 
tends to diminish and when the pH value rises 
above 9*0, rice is the only crop that can be grown 
successfully. When the pH value rises above 
9*6 even rice cultivation is a complete failure. 
Large areas have already gone out of cultivation 
on account of the increase in the alkalinity and 
salt content of the soil. A much more subtle 
change is, however, also taking place in the 
irrigated areas. Since the soil usually contains 
small quantities of salts, base exchange reactions 
will take place. The rate at which these reactions 
take place will be slow and hence the deterioration 
may pass unnoticed until it has become acute. 
Recent work in the laboi'atory has been devoted 
to the study of these reactions. It is well known 
that calcium salts can react with a sodium clay 
to form a calcium clay. What does not appear 
to have been realised is that the presence of a 
calcium salt in the soil can 'prevent the reaction 
between a sodium salt and the clay. This dis- 
covery is of considerable importance as it at 
ouce points to the method for the prevention of 
land deterioration under irrigation. The 
periodical ap]')lication of gypsum to the land 
under irrigation prevents the exchange reaction 
between the sodium salt and the soil and, hence, 
maintains the land in its original state of fertility. 
Since it has been shown that crop yields decline 
when the pH value of the land exceeds 8 *.5, 
gypsum should be periodically applied to land of 
this pH value to prevent further alkalinity being 
produced. As slow" deterioration of this type 
may pass unnoticed it is essential to have periodi- 
cal surveys of the irrigated areas so that the neces- 
sary steps can be taken to check soil deterioration 
before it becomes serious. 

The quality of irrigation water is a subject 
closely allied to that of soil deterioration. 
Investigations carried out in the Reseai‘ch Institute 
have shown that in the case of the best Punjab 
soils, base exchange takes place between the 
clay and a sodium salt when the latter is present 
to the extent of 60 parts per 100,000. It has 
already been shown that the presence of calcium 
salts in the W"ater can prevent this exchange 
reaction. The quality of iiTigation water has 
to be considered, therefore, not only from the 
point of view of total salts but also from the stand- 
point of the ratio of calcium to sodium ions in 
solution. Standards based on this ratio are 
now being used for classifying Punjab waters. 
This investigation is of considerable importance 
in connection with the use of drainage waters 
for irrigation and also in connection with the 
proposed development of tube-well pumping in 
the Punjab. In the case of drainage waters, it 
frequently happens that the drains have no out- 
fall and hence the water has to be pumped into 
canals and distributaries in order to dispose of 
it. It is essential to control the amount of water 
pumped from the drains if the mixed waters are 
not to be harmful. 

A further important point in connection with 


the quality of irrigation water has recently been 
brought to light. The quality of the water 
is not only determined by the salts in solution, 
but also by the characteristics of the soil to be 
irrigated. It has been shown that the higher 
the pH value of the soil, the greater is the quantity 
of sodium ions in solution necessary to cause 
base exchange to take place. It follows from 
this that the higher the pH value of a soil to be 
irrigated, the higher can be the concentration 
of salts in solution without causing soil deteriora- 
tion. A soil survey of the land to be irrigated 
is as essential as the examination of the winter 
supply in deciding whether the water is fit for 
irrigation purposes in a particular area. 

The complement to the laboratory investiga- 
tions is the field w"ork which is being carried out 
at the Chakanw"ali Research Farm. Rice is 
one of the few crops that can be grown on a soil 
with a high pH value. It is, therefore, the first 
crop to be taken during the reclamation of alkaline 
or salt land. It has been demonstrated, however, 
that rice plays a definite part in the reclamation 
process which consists essentially in removing 
the exchangeable sodium from the soil. Under 
the rice crop the carbon dioxide produced by the 
roots assists in the removal of the exchangeable 
sodium converting it finally into sodium bicarbo- 
nate which is removed in the drainage water. 
A considerable amount of information has now 
been acquired as to the types of Punjab soils 
that can be reclaimed and the types that cannot 
economically be brought under cultivation. The 
information gained has been of great vahie in 
connection with the soil surveys for project 
purposes. As the main factors limiting crop 
production on Punjab soils are alkalinity and 
salts a classification based on those factors has 
been reached which indicates their probable crop- 
l^roducing power. 

From the analytical results of the soil surveys, 
soil maps are prepared showing the soil classifica- 
tions of the areas. For project Y>vii*Poses it is 
considered that if sixty i^er cent, of the land to be 
irrigated is not classified as directly culturable 
the project is unlikely to be financially successful. 

4. Physical Secition. 

The Physical Section is a relatively recent 
addition to the Institute. The work of tliis 
section has been develoi)ed along two main lines : 
{a) the investigations of the characteristics of 
silt, and (b) the study of the seepage from canals. 

The only satisfactory method of characterising 
a silt is by the distribution curve for particle size. 
The first work of the Physicist was to evolve a 
suitable instrument for determining the distribu- 
tion curve. An ingenious Siltometer based on the 
principle of the optical lever was developed and 
is now adopted as the standard instrument in 
India for silt analysis. A series of observation 
sites on a number of canal systems were selected. 
The hydraulic data of the channels at tliese sites 
are taken daily and bed silt samples of the sites 
are also obtained. When a sulTicient amount of 
data has accumulated it is hoped that it will be 
possible to determine a relation between the 
hydraulic data of the channel and some character- 
istic of the bed silt. At present from the form of 
the distribution curve it is possible to say whether 
the channel is silting or scouring, whether the 
channel has poor command, whether the channel 
has a stable bed or not and whether the channel 
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conditions are likely to improve or not. It is 
becoming more and more evident that one of the 
most reliable indications of the behaviour of a 
channel is the character of the silt as determined 
by the distribution curve. 

Seepage losses from canals are important for 
a number of reasons. Any loss by seepage is 
water-wasted ; seepage may lead to water-logging 
in the neighbourhood of the canal and an allowance 
has to be made for seepage losses in determining 
the amount of water that must be supplied at the 
head of a channel to irrigate a given area. The 
study of seepage losses has been carried out 
both in the laboratory and in the field. The 
laboratory work has involved the study of the 
transmission coefficient of sands and soils. A 
relationship has been developed between the 
transmission coefficient and the distribution 
curve for particle size. It is now possible from 
the distribution curve to determine the probable 
transmission coefficient. The field-work has 
shown that soil type is the main controlling factor 


in seepage losses. The presence of salt in the 
soil does, however, increase considerably the 
seepage losses in soils that would be Impermeable 
as determined by the distribution curve. 

The Institute has also carried out investigations 
for Government Departments other than the 
Irrigation Branch. The investigation of soil 
temperatures in connection with the capacity 
of underground cables, the examination of the 
causes of failure of plantations, the investigation 
of methods of increasing the fodder supply in 
bar (ini tracts, and the study of forest soils are 
instances of the work that has been carried out. 

From this brief account of the research work 
now being done, it will be seen that attention 
is mainly devoted to problems of immediate 
practical importance. Work of a more funda- 
mental nature is being undertaken in all sections, 
but until the investigations into problems of 
immediate practical value have been completed, 
this side of the Institute’s activities must be 
curtailed. 


The Art of Chromium-Plating/'' 

By K. B. Parekh. 


last decade has seen an enormous deve- 
lopment in chromium-plated finishes applied 
to a variety of domestic and industiial articles. 
The mei'its of chromium as compared with nickel 
or silver plating have been thoroughly established, 
and there are at present in Great Britain more 
than 600 plants in operation. Perhaps the most 
striking characteristic of an electro-deposit of 
chromium is its stainless brilliancy and the ease 
with which the surface of chromium -plated articles 
can be restored to their original lustre, merely by 
wiping with a damp cloth. In addition, its 
extreme hardness and resistance to tarnish 
furnishes a plating that amply justifies the 
popularity it enjoys for numerous purposes. 

Although chromium -plating was known eighty 
years ago the i)erfection in the art reached to-day 
is of comparatively recent origin. This is due 
to special difficulties of a technical nature involved 
in the process of chromium -jdating, which could 
be solved only after a prolonged and intensive 
study of the problem. 

Bloom, Piersol and others have contributed 
much towards the solution of the problem. In 
the case of chromium against other metals, the 
plating range is very critical, hence, current 
density, temperature, concentration of the bath, 
etc., have to be carefully controlled. Other 
difficulties of a special nature are connected 
with (1) choice of suitable anodes, (2) poor 
throwing power and (3) evolution of gases and 
porosity of the deposit. 

Instead of tlie simple form of soluble anodes 
employed for every other form of electro -plating, 
chromium-plating calls for insoluble compound 
anodes whose composition also influences the 
success of the operation. Most suited anodes 
are those of lead-antimony alloy (lead : antimonv : : 
94 : 6). 


* Abstracted from a lecture delivered before 
South Indian Science Association on 24th Se^^tem- 
ber. 1934. 


At any given temperature the character of the 
deposit and also the cathode efficiency vary with 
the current density. On irregularly shaped 
articles the current density is never uniform. 
Consequently, in plating such articles it is difficult 
to obtain a bright deposit over the entire 
surface. The coating on the recessed part may 
be very thin or entirely lacking. This poor 
throwing power, however, is a decided handicap 
and has taxed the patience of those engaged in 
commercial chromium -plating. This has been 
overcome in practice by more or less empirical 
methods. Best results have been obtained by 
expedients that make the cathode current density 
more uniform such as, by increasing the distance 
between anodes and cathodes, using concentric 
or auxiliary anodes, or attaching a wire to the 
cathode which acts as a “thief” and takes away 
the excess current from points nearer to the 
anode. 

In the usual chromium-plating bath, a consider- 
able amount of hydrogen and oxygen are evolved 
and these carry along with theni chromic acid in 
the form of a fine spiay. These sprays can 
perforate the nasal septum and cause sores on 
tlie hands and feet of the w'orkman. The chromic 
acid spray can be minimised to a certain extent by 
covering the bath with a layer of kerosene oV* 
paraffin oil. But in commerical plating, the 
gases are removed by adequate ventilation. As 
the chromium deposit occludes a large amount 
of the hydrogen, the plating is frequently full of 
pores and cracks if suitable precautions are not 
taken. Very thin coatings contain round pores. 
As the thickness is increased the porosity decreases, 
reaches a minimum and then increases with the 
thickness till large cracks are formed either in 
parallel or at random. Under the usual condi- 
tions of deposition there is a minimum porosity 
when the chromium coating is about 0-00002 inch 
thick. Further, due to the extreme hardness of 
deposit it is impossible to buff or burnish the 
articles so as to obtain a better finish as is the 
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on tMs 

n^iimTnarv operation. In tlie case of iron and 
preliminary plating with copper or nickel 
nr both is given before being chromed. 

Vmong the several applicatio^, the mcre^mg 
use for domestic and other articles exposed to 


air, is well known. Us sprruil uses ior talurijj,’ 
advantage of the wcar-restst-irig is 

found in the chromium -plating oi ihu^ measiinng 
gauges and in the printing industry. lih‘ 

of certain textile inacliiruM-y and (‘(jinpnu‘nt 
has been surprisingly lengtlu‘n<‘(l by this ini'ans 
particularly as regards copper printing rolls and 
Schr einer rolls. 


Science Notes. 


InhibiUve Power of Agrar.— Dr B. N. Desai 
and his collaborators of the Wilson College, 
Bomba V. in a communication on this subject, 
write : *“ It has been shown (Desai and Naik, 
./. Boiuhny Universiiv, 1933, 2, Part 2, 90) that 
the power of gelatine to prevent precipitation 
linhibitive power) depends upon its pH besides 
its concentration and that the inbibitive power 
is different with reference to different salts which 
are precipitated in the gel. Thus it has been 
found that the inbibitive power of gelatine is 
minimum for gelatine of pH 5 *70 with reference 
to precipitation of Ag2Cr04, maximum for gela- 
tine of pH 5-00 with reference to precipitation of 
Pblo and continuoudy decreases with a decrease of 
pll "of gelatine with reference to precipitation 
of Agl. In another paper (Naik, Desai and 
Desai,' J. Ind. Chem. Soc., 1934, 11, 45) it has 
been pointed out that the term “Inhibition” 
should be used to indicate power to prevent 
precipitation generally whether it may be due 
to production of super-saturated solution or of 
colloidal solution or of particles in a very highly 
dispersed condition. 

“We have been doing similar work with agar 
and the purpose of this note is to give a summary 
of the results obtained so far. The following 
cases of precipitation in agar have been studied : 
(1) Pbl.j from solutions of Pb(N03).2 and KI, 
{2) PbCr04 from solutions of PbCNOs)^ and 
KoCr04, (3) Agl from solutions of AgNOs and 
Ki. and (4) Ag2Cr04 from solutions of AgNOs and 
K2Cr04. pH of agar was determined colori- 
metrically and samples of different pH were 
prepared by adding suitable amounts of acetic 
acid and sodium acetate. The inbibitive power 
was found out by determining the amount of 
salt fPbl^ or PbCr04 or Agl or Ag2Cr04) that 
can be kept in the mixture for one minute without 
producing any precipitate, the amount of agar 
and the total volume of the mixture being kept 
the same throughout. The pH range tried in 
these experiments is 2-40 to 9*02, the pH of 
original sample of agar being 5.94. It is observed 
that the inbibitive power of agar with reference 
to different salts varies with an increase of its 
pH in the following manner : — 

(D PbL. — The inhihitive power increases upto 
pH 5-94. decreases thereafter upto pH 6-78 and 
again increases with an increase of pH. 

i 2 ‘ PbCr04 — The inbibitive power is rninimum 
for pH 0*94, being greater for higher or lower 
values of pH. 

Tpi inbibitive power increases upto 

pH 0*94, decreases thereafter upto pB 7-00 and 
again increases with an increase of pH. 

(4) Ag2Cr04 ^The inhihitive power is 
minmum for pH 7*00, being greater for higher 
or lower values of pIT. 


“It would appear that th(‘ iodidt'-s of b(»(h Iho; 
metals behave in one fashion a-nd tla^ clironiati'S 
in another fasliion. Tlie^ (joridiiion of ih(‘s<' 
substances v.uth special rehM-erice to tlu* nat.ui*<» 
of their Liesegang rings in a, gar is b<‘ing iriv<‘sti- 
gated. Details will be publislu'd eIsewlH‘r<‘ in 
due course. 

>|c ^ * 

A Purely Vegetable MrdUiNi for the Vatllvaflou 
of Micro-Organih7ns (Dal M edJ mu)- ' A. (\ 
Roy, of the School of Tropi(‘al M<‘(Hein(‘, ('ahuitia, 
in the course of a pap<a' rea.d b(‘ror(‘ tlu* Bio- 
chemical Society, Calcutta, (U‘st‘ril)i‘<l tlu‘ in(‘(ho<l 
of preparation of the Dal broth ))r(‘vii>usl y 
reported by Acton, Pa,sricha., Koy a.nd Das 
Gupta {hid, Med. (Uk:.. 1932, 67, 193). 

“ According to the older techni(iu(‘, 500 givuus of 
powdered Mmuj-dal {f^iuseofas iiiango) and 
5 grams of papain, mixed with .5000 r. e. of water*, 
were digested at ()0°~-()5” for four hours. I’lu' 
digestion of the dal for four Iiours a-t^ that t raniaa'a- 
ture had the effect of splitting tiu^ ftal proteins 
largely into amino acids. Hut. sin<*(‘ this dal 
broth was sought to bo use^i a,K a. sides! it ute^ foi* 
the much more cxpensivi^ pi^ptom^ water*, tin* 
time of digestion was reduc-ied t-o oni' liour-, \vh(*n 
maximum iieptone a.nd vi^ry littli* a.nnno ari<l 
formation took place. Various liipiid a.nil solid 
media such as dn/.-agar slopi^s, 0-5“,) bile-salt* 
daZ-agar plates (made on tla* sami^ liiK^s as Mar- 
Oonkey’s bile-salt neutr*al-i*(Hl la.ct.o.s<‘-agar plates) 
were prepared from this (hd bi’ot.h, whi<*h wlimi 
diluted to contain 0*5% oxidisable ma.tt(*r was 
used as a substitute for 1% pi'ptoni* solution. 

“Some of the common int.(*stinal oi'ga.nisms 
which one has to deal witir in a. bai't.iM'ioIogiral 
laboratory in India, virj., (diolmvi and ehoha’a-liki* 
vibrios, ihict. typhosanu lUad. pitralyphosaai A 
and B, shigfv (sliiga), /lari, jlv.vne)} and 

Bad. coH were planted on tin* rmslia, pi*(‘pared 
from this dal broth (by thi^ rnodifiinl nudiiod). 
using others in which, pi^ptoni* wa,s (‘rnployi^d 
as controls. With, the d-al imulia,, thi* growt.h 
of these organisms was rpiiti' sa.tisra,ct-or\’ nn<i 
in most cases quicker and inoi*<* vigorous t han in 
the controls. Previously in the isolation of 
non -lactose fermenting oi'ga/nisms, th(‘i*<‘ iis(‘d to be 
many cases of failures wdth tin* dal the plates coin • 
pared to the original Mac(t>nk(‘y’s plat.i's. As a. 
result of this modification tlu' ca.s(‘s of ra,ihir<‘s 
have been considerably reduciHl. Hut (‘vi*n now it 
cannot be said that it gives as e.onsistent. r(‘sult.s 
as the original MacOonkey’s plati^s. 

“Attempts are being made to improve* It still 
further so that it might be uscul as an ellieiemt. 
substitute for peptone water and in view oC its 
extremely low cost of production (i to i anna, 
per litre as against 6 to 10 annas per litre of 
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1 % peptone solution) its economic significance 
is obvious.” 

>!c ^ 

T}ie Instiiule of CheiHistry . — A Joint Meeting 
of Members of tlie Indian Chemical Society 
(Ilombay vScction) and of the Institute of Chemistry 
was lield on Wednesday, 5t]i September 1934 
at ()-0 P.M. in the ( heniistry Tjectmo Room of 
the Royal Institute of Science, Bombay, when Dr. 
R. C. Shah presided. 'There was an excellent 
attendance of members of both the ('hemical 
Society and tlK‘ Institute. 

Dr. A. M. Pat(‘l i‘(‘a,d a. ])aper on “Absorption 
of Dye^ by ('(‘lhd()S(‘ Th(‘ l(‘('turer described how 
c‘.onclusions (UmmvchI from ih'suUs ol)ta,ined in the 
last c(‘ntury W(M‘(‘ oftc^n (M*r(UK‘Oiis due to 
impm‘it.i(‘s in the dyc's a.nd lie exjilained jiresent 
nu'thods a,dopt(Hl to (msure purity. 

Tlu^ avtion of ('lectrolytes in connection with 
al)sui‘pt.ioii was numtioned and pointed out that 
tJu‘ (jinuitit y of dy(‘ absoilxMl was directly propor- 
tional to t h(‘ coa.gulating powcir of the electrolyte. 

Absorpthin was ratluu* a, case of diffusion and 
va.ried with the thic.kness of the material and 
tJu‘ salts us(‘d. 

Methods for dycMrig union fabrics, viz., viscose 
and cotton, w(‘r(‘. described and it was i:)ointed 
out that- th(‘S(' Iia-ve different afhnities for dyes 
and tliat it was essential that they should be 
brought to the sa,nie degree which could be done 
l)y incr(‘a.sing t-he aflinity or decrc^asing that of 
cotton oi* viscose. In attempting th(^ former 
by niere.c'rising, viscose is atfected a-nd thei'efore 
t h(‘. a-flinit-y of visc.os(‘ wa.s d(‘c.r(‘a,s(‘d by st(‘aming. 
TIk' ne(‘d for t-raim'd clH'iinsts to be; in cliai*g(‘ of 
(lycdiouse was pa-rtlcularly st.r(‘ssi‘d, 

A discussion look pla.c(‘ ma.itdy on pra-ctical 
jioints ailsing out- of tlu‘ l(‘ct.uri‘. Tlu^ mi'eting 
conchubal wit-h th(‘ Ib‘(‘sid(mt thanking the 
l(‘ctur(‘r for his most int<M‘estin,g h'cture. 

jH »t< 

Associ(dio)i of Emuoniic liiohujids, Coimlxdove . — 
A nuHting of tlu^ Assoination was luddon ''Idiursday, 
the 23rd August, wlun tlu' following papeivs 
were t-akim up for discussion. - -(* ) ‘ASVn/. 
I >iov\d(ttlou (uhI Disresrsf^ liy R. D. 

Ka,runaha.r, d(‘aling wii-h th(‘ possibility of inocula- 
ting soils with saprophyti<' fungus, Aspenitllus Sj)., 
which may jiriuant oi* at- l(‘a-st limit to a, great 
(‘xtimt the growth and a-ctivil-y of the ])arasitc, 
Fusoriuru. oioHolifoniir. 'irian'i* ai‘e indications 
from th(‘ work doiu^ so fai’ that this is possible. 
(2) A<‘((rln(( of h'couoniir. I>u portouccd' by 

M. (k ('h(‘ria.n, dtNils with th(‘ orariua (mites and 
ticks) belonging to a. grouj) of lowtM* a-ninials of 
economic. im])ort-a.nc<‘ to t-h<‘ agriculturist. Some 
of t.h<‘S(‘ a4‘(‘ parasit-i<’. on dom(*stic. a,nima,Is some- 
times a.c.ting as viators of dis(‘aiSt‘s. Some others 
by t-h(‘ms<*lv(‘s ea.usi': skin dist'a-ses known as 
A ceWn,s‘c,s. Lastly, some arc; p(‘sts of cultivated 
plants. '^Phc: part phiyisl by mites and ticks as 
jiests of domest-ic. animals has been studied to 
some 1 ‘xtent in India, Imt tlu'ir relation to plants 
ha,s not received adeipiate attention. The 
pa.pc‘r givi‘s an aia'ount of the work done by the 
a.uthor on some South I ndian Acarina with special 
referimce t-o those forms found in (tanja, Sorghum, 
Sugarc.ane, (k)tt-on, (kistor, Rose, Figs, Clrapc-vine, 
Tomato, Brinjal, (Ac. 

At a, meeting of tlie Association held on the 
2()tli Septmnber Mr. Abraham gave an interesting 
pa])er on tlic l^rcdiwhiaTy Stiidics 'biihe Ancdoniy 


of the Gynoccium of Cotton with special reference 
to Boll Dehiscence^'. It has been observed in the 
indigenous cottons of Madras that the bursting 
of the bolls is rather bad in karunganni {G. 
inrlicum) as compared to uppam {G. herhaceum) 
and roseum {G. N. roseuni). 

An examination of the gynoscium in these 
varieties reveals certain anatomical features 
which appear to have a bearing on boll opening. 
Fach carpel has three vascular bundles, a median 
and two lateral (placental). The folding of the 
carpels brings tlie margins along with the two 
placenta bundles close together and the margins 
get separated again during the dehiscence of the 
boll. In all cottons, the placental bundles of 
each carpel first arise separately from the 
receptacular stele, fuse together immediately and 
branch out again when they run through the 
ydacenta. It is observed that in deliiscence the 
cleavage of the carpel stops just above the region 
of fusion, the amount of dehiscence thus depend- 
ing on the level at which this fusion takes place. 
In varieties belonging to species G. indicum, 
tills region of fusion is situated at a much higher 
level than in other varieties with the result that 
the bursting of the boll is poor. 

The inheritance of this anatomical feature lias 
been under study in the progenies of crosses 
between G. indicum and G.N. roseum and between 
G. indicum and G. sanguenium, and there are 
indications that the character, bad opening, is a 
simyde recessive. 

sjt !i< 

Aocicly of Bloloyicul CImnists, India. — During 
the month of September 1934 three meetings were 
held under the auspices of the Society when the 
following papers were presented: — (1) “The 
Fontrol of Plant Diseases with special reference 
to Sandal Spike” by Mr. A. V. Varadaraja Iyengar, 
M.sc., A.I.O., A.i.i.sc., (2) “The Production of 
Mucus during the degradation of plant material” 
by Dr. J. ([. Shrikhande, M.sc., ph.D., A.i.e., (3) 
“ Influence of fe ration on the diastatic activity 
of the barley during germination” by Mr. R. H. 
Ramachandra R-ao, M.sc. 

S|« H< 

Progress of Anlhropology in European Univer- 
sities. — ^^Under the auspices of the South Indian 
Science Association, Rao Bahadur L. K. Anantha- 
krislina Ayyar delivered an interesting address 
on the “ih'ogress of Anthropology in European 
Countries”. The lecturer in his recent tour in 
Europe had the opportunity of visiting more 
than twenty famous Universities and of lecturing 
in a dozen of them. He gave an interesting 
account of the departments of Anthropology, 
the laboratories and equipments in these Univer- 
sities as also of the teaching staff and facilities 
given to students for the study of the subject. 
The museums attached to the Universities contain 
a very large collection of specimens from all 
parts of the world and photographs to illustrate 
the racial types and cultural traits. In the 
Universities of Naples, Rome, Paris, Vienna, 
Berlin and others there are separate departments 
and museums to facilitate the study of Physical 
Anthropology, Ethnology and Ethnography. The 
museums in England are equally grand. The 
papers and books published by the professors 
of these Universities are abundant. The study 
of Indian Ethnology in these Universities leaves 
much to be desired. 
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Mr. Ayyar gave in contrast the study of the 
subject in India and emphasised the necessity 
for much more encouragement and the introduc- 
tion of the subject in the under-graduate and 
post-graduate studies of Indian Universities. 
At present it is only the Calcutta University that 
has a fuUy developed department of these subjects. 

:l: sic 

Jioval Institvie of Science. — Principal T)r. T. S. 
Wheeler has been elected as Dean of the Faculty 
of Science and a member of the Syndicate of 
the Bombay University. 

Ur. Ludwig Wulf, Prof, of Textile Chemistry 
in the Andhra University, visited this Institute 
on 19th September, 1934, and saw the equipment 
and work in the Chemistry Department. 

Mr. G. Y. Jadhav, M.sc., of the Chemistry 
Department has been awarded the Sir Mangaldas 
Nathubhoy Foreign Scholarship. 

* 

Ur. G. C. Chakravarti, D.sc., Lecturer in the 
Department of Organic Chemistry, Indian 
Institute of Science, Bangalore, has resigned 
his appointment for reasons of ill-health. The 
staff and students of the department met under 
the presidentship of Dr. P. C. Guha, d.sc., on 
Saturday, the 15th September 1934, and passed 
a number of resolutions placing on record their 
appreciation of the valuable services rendered 
by him. 

Ur. Ohakravarti’s contributions relate chiefly 
to the chemistry of the dye-stuffs. Just prior 
to his retirement he had begun an investigation 
on the natural colouring matters of “ Alkanet” and 
suggested a tentative constitution for “Alkanin”. 
It is rather unfortunate that he could not complete 
this interesting enquiry. 

* 3i« SK 

University of Lucknoio. — Dr. S. N. Das Gupta 
has been appointed to the post of Reader in 
Botany at Lucknow University, vacated by the 
death of Ur. S. K. Mukerji, f.l.s. Dr. Das Gupta 
is a Ph.U. of London University, with special 
qualifications in mycology, a held of research to 
wdiich he has made important contributions, 
published in the Annals of Botany and in the 
Philosophicat Transactions of the Royal Society. 
Special mention may be made of his discovery of 
a remarkable relationship between the two 
strains of Diaportke perniciosa DHc and UHf, 
in which the slow- growing strain DHc cultivated 
in contact with the fast growing DHf dominates 
the latter, and is able to convert it into its own 


Indian Coriander. — According to a press com- 
munique issued by the Secretary, Imperial Council 
of Agricultural Research, Simla, published in 
a recent issue of the Indian Trade Journal, a 
detailed examination of the samples of Russian, 
Moroccan, Tuticorin and Rangoon corianders, as 
also a typical trade sample from the Udumalpet 
(Coimbatore District) market, revealed that the In- 
dian Produce which is of intrinsically good quality, 
is losing ground mainly by reason of adulteration 
of the clumsiest character. The Tuticorin sample 
contained, 0-3 per cent, stalk, 0-3 per cent, 
extraneous seeds and other grains, and 20*0 per 
cent. dirt. The Moroccan produce contained 
about 0-3 per cent, stalk, about 0*3 per cent, 
extraneous seeds and other grains, and less than 


1 per cent. dirt. The essential oil content which 
may be said to deteimine the pungency and 
efficacy of coriander, was about the same in 
both Indian and Moroccan samples, and perhaps 
the former showed a rather higher trend. 
These data clearly indicate that witli “even 
reasonable attention to cleanliness Indian 
coriander can easily hold its own and it is 
important that steps to this end should be taken, 
for India cannot afford to lose any of its markets 
for these minor agricultural products whicli in the 
aggregate mean so much to the cultivator and 
market gardener. ” 

Sjc 5l« ^ 

Lorentz Collected. Papers. — Martians Nijhoff, 
publisher of “Lorentz Collected Papers” writes: 
“I have resolved to go on with the publication 
and the 8th volume (the 2nd of the set of 9 volumes) 
is already in the press. Vol. VII, the 1st of the 
set, appeared a few months ago. 

“ I beg to draw once more your attention to the 
fact that immediately after the publication 
of this volume — about November 1934 — the 
work will be no longer available at subscription 
price. 

“Subscribers to the 9 volumes may have the 
set for 75 guilders, or bound for 90 guilders (pay- 
ment after the publication of each volume, 
Gld. 8.35 or Gld. 10). Afterwards the price 
will be 90 guilders, or bound 108 guilders.” 

S|S ^ * 

The Prague International Samples Fair, 1935. — 
The SiDring session of the above fair will be held 
at Prague from 3rd to the 10th March 1935. 
Firms wishing to participate in this fair may 
obtain full particulars from the Consul for Czecho- 
slovakia, 34, Park Street, Calcutta. 

sf: >|e >|c 

Increased World Activity in Chemical Research . — 
The Editor of Chemical Abstracts, Prof. E. T. 
Crane of the Ohio State University, draws atten- 
tion to the increased output of chemical papers 
in 1934. Digests of papers appearing in 2,000 
scientific and technical journals number 18, 0(54 
in the first six months of 1934 as against 17,648 
in a corresponding period of 1933. “This increase 
is heartening from an economic standpoint 
because of chemistry’s basic association with 
practically all of the industries. It indicates that 
thousands of chemists throughout the world are 
turning out a steady stream of new information 
vital to industrial and social progress. ” 

>(« * sjs 

''Element 91.” — For the first time, a powerful 
radio-active substance similar to radium and, 
it is said, equally useful in the treatment of 
cancer, has been isolated. Dr. Aristid von Grosse 
of Chicago University, who has isolated this 
element, called protactinium, says that while a 
gram of radium costs £20,000 to £25,000, a 
similar quantity of protactinium will cost only 
£600. The American Chemical Society meeting 
at Cleveland has been shown the element, plainly 
visible under a magnifying glass as tiny silvery 
beads. It is the rarest metal in nature, for out of 
10,000,000 parts of pitch-blende only one part of 
protactinium can be extracted. Even more 
important than the isolation of this element is 
the fact that Element 91 naturally disintegrates 
into actinium, which is 140 times more active 
than radium. Until her death the late Mme. 
Curie worked unsuccessfully on the isolation of 
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actinium, which Dr. von Gross 3 says will in a 
year or two be available to science and medicine. 

{Chemical Age.) 

rH 5}; >4c 

According to a report in Hindu the Allahabad 
University Teachers have been allowed to seek 
elections to the Legislative Assembly and other 
Councils under certain conditions. Thus a teacher 
seeking election should obtain permission from 
the Executive Council, after satisfying them that 
Ms absence in connection with his electioneering- 
work or work connected with the legislatures 
would not interfere with his University duties. 

The TIilger Vitameier A. — Adam Hilger, Ltd., 
98, King’s Road, Camden Road, London, N.W. 1, 
England. (Hilger Publication No. 151/5. Post 
free on request.) This booklet (the fifth edition) 
describes the latest model of the Hilger Vitameter 
A for determining the Vitamin A content of cod 
and other hsh liver oils and concentrates. 

This model is of all-metal construction and 
embodies optical and mechanical improvements. 

It may be remembered that the instrument is 
based on the now accepted spectro photometric 
method of test. Measurements are made visually 
by comparing the intensity of two fluorescent 
areas and rendering them equal by a photometric 
device whose scale gives readings that are a 
direct measure of the Vitamin A content. 

The makers claim that the instrument, which 
is extremely simple to use, gives accurate results 
even in the hands of unskilled operators. 

5l! ^ 

Indian Research Fund AssociaUon. — Apx^lica- 
tions are invited from experts on Nutrition to 
undertake independent charge of Nutritional 
Research under the Indian Research Fund Associa- 
tion at Coonoor, a hill station (6,000 ft. above sea- 
level) in the Madras Presidency of India. Pay 
in the scale of Rs. 1,250-100-1,750 with usual 
departmental travelling and halting allowances. 
In addition, an overseas pay of Rs. 500 per mensem 
will be given to a person of non- Asiatic domicile 
if appointed. The commencing pay of the selected 
candidate may be fixed at a higher rate than the 
minimum of the scale of Rs. 1,250-100-1,750 
if the experience and qualiflcations of the candi- 
date selected justify this. All ax)plications must 
be made on the prescribed form copies of which 
can be had from the Secretary, Indian Research 
Fund Association, Civil Secretariat, Simla (upto 
19th October and thereafter. New Delhi), Pinal 
date for receipt of completed forms of applica- 
tion is 30th November 1931. 

Jk 5K :)< 

Novel pH Meter, “ Fehavi ^\ — Announcing new 
type Hartmann and Braun Instruments placed in 
the market their x\gents for India, Messrs. Adair, 
Dutt Co., Ltd., liave drawn our attention to 
several instruments in whicli compactness, accuracy 
and simplicity in manipulation have been combin- 
ed in a very efficient manner. Of tliese great 
interest is being received for the new pH measur- 
ing potentiometer ‘'Pe/iari” which is most suit- 
able for the Sugar Laboratories, the Clinical and 
Pathological Laboratories and the Chemists. 
This has both a pH scale— in two ranges— and 
a Midi voltmeter scale. Thus either a Platinum 
Hydrogen or a Quinhydron Electrode or any other 
type of Electrode can be used and for each the 
scale is brought into view by a rotating switch 


avoiding any possibility of confusion. No Standard 
Cell is necessary at all as the instrument is calib- 
rated for any dry battery as is used for pocket 
lamps. Equally important are the two types of 
Universal Voltmeters MuUavi-l'" and “ Multavi- 
II ” having multiple ranges in volts, amperes and 
milliamperes for both D.C. and A. C. and are also 
available for measuring resistance with the help 
of any dry battery or the L.T. and H.T. batteries 
as are used in Radio work. The Pontavi ” is a 
compact resistance bridge capable of measuring 
from 0-05 to 50,000 ohms and contains an enclos- 
ed dry cell and a built-in sensitive pointer 
Galvanometer. We are sure these new instruments 
would arouse keen interest amongst the general 
Scientists, Radio Amateurs and Technical peoxile. 

He * H! 
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TiRI'PPARXJTTIKUNRA3I and its TE3IPLES. 
Bv T. X. Kamacliaiidran, 3 I.a^ (Madras 
jluseum Bulletin, Volume I, Partiii.) Editor: 
Dr. F. H. Gravely. 

The project of issuing, at least of resuming 
the issue of, the Museum Bulletins was 
revived a short time since through the 
exertions of Dr. Gravely, and is being 
aetivelv carried into effect. This Bulletin 
constitutes the third of the series in tnis 
particular Department. Kanchi, the modern 
town of Conjeevarain, had achieved a great 
name as a gJiatika or a Brahman settlement 
before the Christian era. It had a similar 
reputation as a centre alike of the Buddhists 
and of the Jains as well. While the town 
Conjeevaram, as it is at present, probably 
constituted the Brahmanical centre as the 
number and the location of its varying 
temples would suggest, the Buddhist centre 
seems to have been just outside the limits 
of the now existing town and occupied a 
quarter distinctly its own. So probably it 
was with the Jain quarter, and the village 
Tirupparuttikuhram about a couple of miles 
off, on a side just opposite the Buddhist 
centre, gave it the reputation of a Jaina 
centre and possibly stands for the Jina 
Kanehi of literary fame. The name Tiruppa- 
ruttikuhram is apparently given to it after 
a hillock or a rise of ground distinguished 
from the surrounding part by cotton cultiva- 
tion, the kind of cotton which goes by the 
Tamil name Parulti. This would be nothing 
strange as in the same district and perhaps 
not very far off we have the village Parutti- 
pattu, probably from the same feature. 
Mr. Eamachandran attempts here to equate 
the name with another in the same locality 
called ^emporkuhru, translated into 
Sanskrit Ai'unagiri fred hill). The equation 
is hardly tenable and is quite unnecessary, 
as the latter would be the name of a parti- 
cular hill in the same locality without any 
notion of an identification. 

Its present importance, and perhaps its 
importance for the last 1200 years or more, 
is due to its having been an important Jain 
settlement with two of the Jain hasiis, one 
dedicated to Chandraprabha, the 8th of the 
24 Tirthankaras and another, and a larger 
one similarly dedicated to Trilokyanatha 
Vardhamana, the 24th among them. The 
first temple probably goes back to Pallava 
times from its architecture, and is assigned 
to the reign of Paramesvaravarman II,- the 


Pallava king. It is possible that it began 
with the reign of his predecessor, .NarasimLlia 
Varinan IT, Eajasitnlia, the builder of hliG 
Kailasanatha Temple at Conjeevaram. Tlic 
Vardhamana temple is more closely datable 
from the inscriptions of wluch a large 
number have been madc^ available^ in this 
Bulletin. A number of thes(‘- have already 
been edited by the evpigraphists, and a 
number more) liave been lu^.wly brought 
to light. Eeferences arc given to the former 
and the latter are publislual with translite- 
ration and translation by tint editor. From 
these we are enabled to mak(‘- the inferonc'o 
that the temple probably began at the enxl 
of the Pallava age and received support 
from the Chola rulers from the days of 
Eajendra, the Gangaikondacdiolu;, in tlio 
first half of the eleventh century, right 
down to Kulottuhga Chola III. and Raja 
Eaja III ruling the Chdla empire at the 
commencement of the fourteenth, century. 
This is a double shrine dcdicuitcid to Vardha- 
mana, the 24th Tirthankara. A number of 
subsidiary shrines there arc in it suc-li as the 
temples to Pnslipadanta, Dhannado vi, 
.Padmaprabha, Vasupiijya a,nd IVirhwanMihtr. 
This shrine constitutes tlu^ c^arlic^sl: part of 
the building to which a front hall or 
verandah was added in Chc'fia times a, rid 
a larger hall still under tlu^. lirst dynasty of 
Vijayanagar. This was dcMlicatcMl by then 
Vijayanagar general Irugaippa, while hiw 
father also seems to Inwc^ been (levot(^d 
to the shrine, as both of them came to lx*, 
disciples of the Jain saint Pus]ii)a)Scna, wlio 
was a permanent resident of the localit.y. 
Further additioiiKS were madci to thoHc^i 
structures by Pushpasclsna liiinself who in 
responsible for the gdpura in front. lilv^cMi 
the great king Krishnadevaraya of Vijrrya,- 
nagar made a grant of land. So we might, 
say the place has Ixmn an active centre of 
the Jains from the eighth to the sixteciitli 
century. 

Among the Jain saints associated *witli 
the place the most important are Akalairlvn, 
about the eighth century of whom thei*o in 
but little of a memorial in tlie locality, aiicl 
of the more recent ones, Chandrakirti, t,U<*s 
contemporary of Kuldttunga III, and. lihs 
disciple Ananta Viry a Vainana belonging bo 
the twelfth and thirteenth centuries. jAik I 
later still belonging to the end of 
fourteenth and the early part of the fifteeiitdi 
century are the two Mallisena Vainana au<l 
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Puslipasena, his disciple; the former was 
the preceptor of Bichappa and is the author 
of a number of Sanskrit works such as 
Panclidstikdya, PravaeJianasdraj Samayasdraj 
and Syddvdda-manjari, He was also the 
author of the Tamil Mdrumandarapurdnam 
published recently by Principal A. Chakra- 
varti of the Kurnbakonam College with a 
commentary written by his father. This 
Mallisena is also believed to be the author of 
the Tamil commentary 8amaya Divdkara on 
the Tamil work called NUalcesi Tiruttu. 
This Bichappa was the general of the 
Vijayanagar emperor Ilariliara and his son 
Bukka II. His son Irugappa’s name is 
connected with the Merumandara Parana 
and there is a statue of his in the Jain 
temple itself, so that the name Jinakanchi 
would have been well bestowed on the place 
and equally well deserved by it. 

Coming to the temples themselves, the 
complex character of its structure tells its 
own tale in regard to the age of the several 
parts going to constitute the temple. Apart 
from the temples and images, the feature 
that is most prominently noticeable is the 
series of paintings of scenes from the lives of 
the saints. These are a most important 
feature of Jaina shrines, as in fact of Indian 
shrines generally. While one way of popular- 
ising religion was that of reading or 
rendering to musical accompaniments the 
stories of saints to the people who gather 
together on occasions of pilgrimage, this 
method could be reinforced by ocular 
demonstrations by pictures. These paintings 
were intend(‘4l to S(‘rv(‘ tlie latter purpose 
There are 2:2 Plates of th(‘.se .r(q)r'esentations 
relating to the lif(^ of the first Tirthankara 
Eishabliadeva, th(‘. 22nd ■Neminatha and the 
24th Mahavira. EuiCh one of these carries a 
label. Along with th<‘.se ar(‘. found a number 
of paintings reprcssenting the playful acti- 
vities of Krishna w.hom the Jains regard as 
a cousin of tlieir Tirthankara Neminatha. 
There are the lin(‘a,l (l(‘sceudants of paintings 
leading back to tlu^ (aives of Ajanta in India, 
and 6rigiriya in C(‘ylon as also those of 
Sittannavasal and places like that. Mr. 
Eamachandran, the Arclneological Assistant 
at the Museum, has be(vn at pains to explain 
these pictures from Manuscript works 
containing material for it, and has brought 
together, in addition to this, a volume of 
information of a more recondite kind in 
regard to Jainism in general. Both he and 
the editor, Dr. Gravely, deserve congratu- 
lation for the illuminating volume of 235 


pages of the monograph itself and 34 pages 
of index together with 36 plates of illustra- 
tions. The Government Press which is 
responsible for its printing, it need hardly 
be added, has done its work with its usual 
excellence. 

S. K. Aiyangar. 


Three Essays on Sex and Marriage. 
By Edward Westermarck. (Macmillan & Co., 
Ltd., St. Martin’s St., London. (Pp. ixH-335. 
1934.) Price 12s. 6d. net. 

These essays enitled ^^The Oedipus 
Complex, Eecent Theories of Exogamy ” 
and ‘^The Mothers: a Eejoinder to Dr. E. 
BrilTault ” are intended to supplement 
Dr. Westerrnarck’s The History of Human 
Marriage”. They are a thorougli, closely 
reasoned and critical exposition of some of 
the obscure aspects of liuman mind and 
should be esteemed as a valuable contribu- 
tion to social science. 

The first part of the book is devoted to a 
criticism of the Freudian doctrine of the 
Oedipus complex and its technique, psycho- 
analysis, and the autlior concludes that the 
theory of unconscious makes assumptions 
not warranted by the facts of direct observ- 
ation, accumulated by anthropological 
studies. It seiiins to us that the divergence 
of views between the anthropologists and the 
Freudian x)sycliologists is due to the fact 
that they are dealing with two classes or 
aspects of mind from entirely different 
standpoints; and tlieir rnotliods of investi- 
gation of even common problems are bound 
to differ. Tlie Freudian technique is tlie 
outcoim^. of the development of medicine 
and exydains the causes of hysteria and other 
foi'ms of mental obssession including dream 
phenomena. It assumes the existence of an 
unconscious part of mind, the repository of 
repressed wishes which when the mental 
censor relaxes vigilance, exyuess themselves 
symbolically. Tlie business of the psycho- 
analyst is to explore the sewers of the 
human mind, slips of the tongue and 
pen, casual statements of children and 
refer them to experiences of child- 
hood ; and in pathological cases he 
devises suitable formulas for the removal of 
apprehensions and obssessions which are 
believed to be at the basis of the hysterical 
and allied maladies. The business of the 
antliropologist is not with the unconscious 
mind and unconscious statements : his 
province is the normal conscious mind of 
adult persons, in its relation to the social. 
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cultural and economic evolution of the 
peoples, and to discover law and order in 
the progress of human civilisation. The 
common ground of anthropologists and 
Freudian psychologists is sex which like the 
human mind has apparently two aspects, 
the official and the unofS.cial. The anthro- 
pologists study both the aspects in their 
relation with the family and communal 
organisation, religious and mystical practi- 
ces without attempting to investigate and 
interpret the origin of the unofficial aspects 
of sex life and its bearing on the pathologi- 
cal and seemingly unaccountable manifesta- 
tions of mind. This is the province of Freud’s 
school. 

We have read this book with that close 
attention which its importance deserves. It 
is written in self-defence. It refutes the 
cherished theories of Freudianism. It ridi- 
cules Dr. Briffault’s criticisms of the author’s 
views on exogamy and the relations between 
the sexes in primitive humanity and the 
early forms of marriage as expounded in his 
standard work, ^‘The History of Human 
Marriage”. It is true that the theories of 
Freud make great claims and the role which 
they play in the psychology of the individual 
is the proper field of investigation by the 
neurologists ; but the social facts underlying 
the supposition of their universality and the 
influence they are alleged to have exercised 
on the history of civilisation must be the 
principal concern of sociologists. We are 
not, however, prepared to agree with Dr. 
Westerrnarck that the sociological presup- 
positions of Freudian doctrines are utterly 
unfounded, for if the human body is a 
derivative of some simian ancestor, the 
human mind cannot be an innovation. The 
psychologists and neurologists and sociolo- 
gists who find the human mind as an 
abstract concept in its ultimate analysis, 
have not investigated the animal mind with 
any measure of comprehensiveness. If the 
human mind suffers from ^‘Complexes”, 
they must be part of the animal heritage 
with which man arrives in the world. The 
validity of Freudianism requires support or 
meets with refutation from investigations of 
the simian mind. 

It is idle to claim that any one theory 
offers adequate explanation to the various 
types of prohibitions and alliances introduc- 
ed by society in the sex relations of its 
members. For the perpetuation of species, 
Nature has provided the animals including 
man, with the means of securing the union 


of two micro-organisms of different kinds 
and society has elaborated round this simj)le 
process a most complex body of rituals, 
superstitious faiths and sanctions. Their 
number and mode of application depend I 
upon the cultural strata of society : they 
must have evolved independently. The 
object of organising social groups must be 
the same throughout the world, and the 
different forms of societies must have 
attained their common purpose tlirough 
different routes. Marriage as it is under- 
stood in civilised societies, may be discussed 
from the standpoint of law, religion, social 
and economic science or biology ; its various 
forms, the superstitions and rituals that have 
developed round this institution and the 
conditions and sanctions prescribed by 
social legislators must be the outcome of 
various considerations in the interests of 
the purity and efficiency of tlie members 
entering into matrimonial relations. The 
accounts of these considerations, when we 
examine a large number of groups, must 
differ and might even appear conflicting: 
and the divergence of views between Dr. 
Briffault and Dr. Westerrnarck must be 
largely a matter of opinion. Even if Dr. 
Briffault had carefully verified his references 
before criticising Dr. Westermarck, there is 
bound to be difference of opinion about usages 
and tlieir origin, because the interpretation of 
anthropological facts must in a large 
measure depend upon personal factors rather 
than upon abstract rules such as those 
derived from experimental sciences. 

Everyone interested in social science will 
welcome this scliolarly and informative book. 


Properties des espaces Ahstraits les 
PLUS GENERAUX. By Prof. Appcft. | 

(Hermann et cie, Paris, 2 Vols.) Price 21 I 
Francs. 1 

A proper understanding of the axiomatic?' I 
development of the theory of open and 
closed sets, continua and domains, and some i 
important characteristics of the subject, 
such as compactness, Borel-Lesbesgue pro- 
perty (Heine Borel), separability of various ■ 
degrees and the corresponding Lindelofian 
property, etc., is a sine qua non, for the 
study of analysis, especially of the theory of 
functions of a real variable and the theory 
of analytic functions. The usual develop- 
ment of this subject given in older text- 
books such as Hobson, is too highly restrict- 
ed as the proofs apply only to Euclidian 
space and also they do not clearly indicate 
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iiow the various axioms of Euclidian space 
are involved in the proofs of various theo- 
rems. As a matter of fact in many of the 
theorems about neighbourhoods as developed 
in Hobson, the particular structure of Eucli- 
dian space plays no part. 

Coming now to the two volumes of Prof. 
Appert on Properties of Abstract spaces of 
a very general kind as the title itself 
indicates, he develops the theory of open 
and closed sets, continua, etc., in such a 
manner as to be valid in the most general of 
spaces which he calls topological and natu- 
rally, it is completely free from the various 
defects, mentioned in the first paragraph, 
which characterised the older books. The 
subject is developed in a very logical and 
extremely interesting manner. 

FoZ. I — The first few chapters deal with 
the properties displayed by sets of points of 
topological space, with regard to the opera- 
tion of derivation under the 1st, 2nd and 
3rd axioms or conditions of F, Riesz. The 
sixth chapter deals with generalisation of 
continua and domains in generalised space. 

The topics of discussion of Vol. II are very 
important and among them the most inter- 
esting theorem is that of Chittenden which 
proves that the necessary and sufficient 
condition that a set of points should have 
the Borel-Lesbesgue property is that the set 
should be perfectly compact in itself. Some 
of the other interesting topics deal with 
^ generalisation of (1) Cantor’s Theorem on a 
monotone sequence of closed sets, (2) Cantor- 
Bendixon’s Theorem, (3) Separability of 
various degrees. . . .etc. 

Although at a number of places examples 
are given showing the independence of the 
various axiomatic assumptions and exernpli- 
^ fying the various abstractly defined elements, 

» as for example, on page 19, Vol. I, and on 

I page 64, Vol. 11, I think that there are not 

I enough examples in the book illustrative 
4 of the various definitions. I conclude that 
, it is an excellent book embodying some of 
the latest work on the subject and every 
, \ student of analysis would benefit largely by 
I a good study of the book. 

; . K. S. K. 

I . 

- ~^LE Calcul Symbolique. By Pierre Humbert. 
(Hermann et cie, Paris, Pp. 31.) 10 Francs. 

An outline of the methods of Heaviside’s 
operational calculus is presented. The 
\ author has given references to Carson and 

\ Paul Levy for rigorous treatments of the 

I subject. Some applications of the operational 


calculus have been dealt with; for 
example, the author deduces the addition 
formulae and a new formula in Bessel 
functions. References may be made to the 
author’s published papers (Nouvelles remar- 
ques sur les function de Bessel du troisierne 
ordre, Acta, Pontif. Acad, Sci, ISTovi, 
Luncsei, 1931, 87, 323 and Les fonctions 
hypergeometriques et le Calcul Symbolique, 
Ann, Soe. Scl., Brux, 1933, A53, i03). 

N. S. K 


Exercises in Second Year Chemistry. 
A Manual of Theoretical and Analytical 
Procedures. By William IT. Chapin, Third 
Edition. Revised and Enlarged. (Pub- 
lished by John Wiley & Sons.) Pages 253. 
Price 15^. 6d. 

This book is meant to be a companion 
volume to the author’s Second Year College 
Chemistry. The author has dealt with a 
variety of topics of physico-chemical and 
analytical interest under two main divisions : 
(1) theoretical exercises, (2) quantitative 
analysis. In Part 1 a series of experiments 
in Physical Chemistry not involving difficult 
technique or complicated apparatus have 
been described which go a long way to a 
clear understanding of the s.ubject on the 
part of a beginner. The reviewer would like 
to draw attention to the elegant experiments 
in the chapters on Avogadro Number, 
neutralisation indicators, etc. Coming to 
Part II which deals with quantitative 
analysis mention should be made of the 
excellent theoretical background that is 
provided for the course in volumetric, gravi- 
metric and electro-analysis. The chapter 
on pH, water-softening control, etc., is 
particularly interesting. Every topic treated 
in the book is followed by a number of 
problems and exercises. 

The printing and get-up of the book are 
excellent. The pyroxylin-impregnated 

water-proof ” and vermin-proof ” binding 
is a novel feature. The book will be very 
useful as a reference volume to students 
studying for B.Sc. and Honours exami- 
nations. 

M. Seshaiengar. 


Man and Medicine. An Introduction to 
Medical Knowledge. By H. E. Sigerist. 
Translated from the German original by 
Margaret Galt Boise. Pp. v-e340. (London: 
George Allen & Unwin, Ltd.) 1933. Price 
12s. 6d. net. 
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Although there are several inonographs 
dealing witli the theory and practice of 
medicine, there are few publications which 
deal with the subject in such a manner that 
even laymen can follow them. Prof. 
Sigerist’s lucid presentation of the subject 
is therefore a welcome contribution. 

The book covers the entire field of science 
in relation to medicine. The author skips 
on from one section to anotlier without 
losing the thread of continuity. At each 
stage, the subject is made interesting by 
historical anecdotes which bring into relief 
the human interest underlying each dis- 
covery referred to by the author. 

If the book has any defect, it is that the 
autlior is too ambitious, that he has endea- 
voured to cover a vast field of knowledge in 
the short space of 329 pages. Even technical 
readers, many of whom are unfortunately 
unacquainted with the historical develop- 
ment of their subjects, would like to linger 
over some of the sections and learn more 
about the various factors, human and 
otherwise, tliat led to the great discoveries 
in their respective (ields. It would indeed 
have been highly desirable if the scope of 
the book had been restricted to a few select 
brandies, tlie others being reserved for later 
publications. 

The book has been written in excellent 
style and the translator deserves much 
praise for her efforts. 

s. y. 


Elementary Science. (Parts I & II.) 
By James B. Guthrie, m.a., e.jsc. (Cliainbers 
Limited, Edinburgh.) 

Part I. Pp. 112. Price 1.9. (id. 

This is the first of a series of four books, 
by James Gutlirie, Principal teacher of 


science and mathematics of Buck haven 
Secondary School. These books are in 
accordance with the most recent circulars 
of the Board of Education and the Scottish 
Education Department. Part I deals with 
subjects like Expansion and Contraction, 
Thermometry, Solution and Crystallisation, 
Rusting of iron, Physical and chemical 
clianges, Atmospheric pressure and transfer 
of heat. The book is written in very simple 
language. Experiments precede generalisa- 
tions and definitions. Difiicult terms are 
explained at length. Experiments are 
designed to be simple and capable of being 
tried by the enquiring student. Hints to 
the teachers are given here and there. The 
figures indicating apparatus used for experi- 
ments are drawn in a neat and attractive 
manner. The portions dealt witli in the 
book are meant to be covered in a year with 
four periods a week. 

Part II. Pp. 127. Price l9. Sd. 

This book is meant to cover the science 
syllabus of the second year in schools and 
deals with subjects like Force, CVmtrc of 
Gravity, Density, Pressuri^, Machines Work, 
Latent Heat, Action of Metals on the 
common acids. Preparation and properties 
of hydrogen and composition of water, 
Questions and Exercises and Answiu’s to them 
aie given. 

The language difficulty expiuiencuHl by the 
Indian student will be minimised wlien a 
text-book like this is placed in his hands. 
It is a highly useful and instructiv(‘. book, 
wmrthy of being tried as a text-book in onr 
Indian High Schools. These books become, 
more commendable owing to tluir attractive 
printing and get-up. 

I>. V. Sastry. 


Forthcoming Events. 

The Central College Mathematical Society^ Fortnightly Lectures on ‘‘ (biantiiin Mechanics ” 
Ra^ir/aZore.-r-Portnightly Lectures on ‘Hntvoduc- by Piof.‘ B, S. Madluiva Kao 
tion to the General Theory of Algebraic Numbers 
by Mr. K. Venkatachala Iyengar. 


Erratum. 

Yol. Ill, No. 3, page 106, Col. 2, line Sj' for P. F. Mali ik read P. C. Malxuk. 
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Sir James Jeans and the New Physics. 

'T'HE Presidential Address of Sir James 
Jeans before the British Association is 
a fascinating piece of work. Most of it is 
taken up with a presentation of those 
aspects of modern physics which have 
intliienced modern scientific outlook — as 
envisaged by Jeans. In the first place, he 
makes a clear-cut distinction between 
the methods of the classical physicist and 
of his modern successor. The former was 
keen on trying to construct a mental picture 
whose elements were derived from objects of 
every-day experience such as ‘ billiard balls, 
jellies and spinning tops’. It is because of this 
tendency on the part of the ^ old-fashioned’ 
physicist to visualise a concrete model in his 
explanation of phenomena, that classical 
theories or modifications of such theories on 
classical lines could not be made to embrace 
the new facts of observation. According 
to Jeans the changed outlook of the modern 
physicist consists in the following : — The 
content of a set of physical measurements 
is a set of numbers, each number being a 
ratio. For instance, to take an example 
given by Jeans, wlien we say that the 
wave-length of a certain radiation is so 
many centimetres we mean that it is a 
certain multiple of a centimetre, and since 
we do not know or rather can never know 
what a centimetre is in itself, the signi- 
ficant fact in the statement ‘so many 
centimetres’ is only its numerical part. 
Once we concede this, it naturally follows 
that our theoretical picture of the pheno- 
menal world, which consists in synthesising 
measured data must be mathematical in form. 

The solid rock on which tlie modern 
physicist builds is ascertained fact and 
the bricks used in the construction are the 
"observables’. For instance, in the wave 
theory of light, the solid fact is represented 
by the word ‘wave’, and the ether with 
which the classical physicist filled space, 
space itself and time, are man-made 
decorations and do not form part of nature. 
The same is the lot of the space-time conti- 
nuum of the theory of relativity, for the 
General Theory shows that it ‘ can be 
crumpled and twisted and warped as much 
as we please without becoming one whit 
less true to nature — which of course can 
only mean that it is not itself part of 
nature’. The entire knowledge of the outer 
world comes to our minds through the 
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frame-work of space and time and their 1 
product the space-time continuum, as it 
affects the senses. However important the 
frame-works may be, they do not form 
part of nature’ but are purely mental 
constructs. The same is the fate of matter. 
It is as much a pure assumption as ether 
and is an ‘unobservable’. Classical Physics 
was based on the hypothesis that matter 
existed in space and that its history was 
meclianistically determined for all time, 
time being independent and objective. 
The cardinal weakness in this outlook of 
the classical physicist was that the role 
given to the mind was that of a passive 
onlooker without any influence on what 
it observed. According to Jeans, what 
the modern physicist has set before himself 
is the task of studying the impressions 
that he gets through ‘ the gateways of 
knowledge’ (i, < 3 ., the senses) and not what 
lies beyond. He is concerned with appear- 
ance rather than with reality:. In ordering 
these impressions he adopts two pictorial 
methods. In one he pictures particles in 
space and time, in the other, the picture 
is a system of waves ; the former provides 
for our bias inherited from Classical Physics, 
while the latter is intended to provide an 
answer to the question ‘ what is going 
to happen next?’ Jeans dubs the two 
modes of looking at the physical world, 
(which world, as he has already told us, 
consists only in the impressions which we 
get through the senses) parables, to prepare 
us for any inconsistency that may turn out 
to exiKst between the two pictures, for 
parables are not to be interpreted too 
literally. The thesis is developed on these 
lines with illustrations from the findings of 
modern physics, the several parts of the thesis 
often being not in perfect harmony with one 
another. The burden of the song may be 
summed up in the words of Jeans himeli : 

‘ The old physics imagined it was studying an 
objective nature which had its own existence 
independently of the mind which perceived 
it, which indeed had existed from all 
eternity whether it was perceived or not/ 
But in the new physics nature consists of 
waves and these are of the general quality 
of waves of knowledge, or of absence of 
knowledge in our minds. 

To those who are familiar with the writings 
of Jeans the distinctly subjective trend 
which he gives to the findings of modern 
Physics will not appear strange. He says, 
“If we ask the new Physics to specify an 


electron for us, it does not give us a mathe- 
matical specification of an objective electron 
but rather retorts with the question, ‘How 
much do you know about the electron in 
question ? ’ We state all we know, and then 
comes the surprising reply, ‘ that is the 
electron ’. Here the electron itself is not part 
of nature and our knowledge of it ultimately 
resolves itself into a set of numbers synthe- 
sised into one or more mathematical for- 
mulae. The numbers themselves are ratios of 
physical quantities incomprehensible in 
themselves. Thus it turns out that our 
knowledge of the electron in the ‘ parable ’ 
is purely mathematical, nay, more, this 
mathematical content of our knowledge is 
the electron. The modern physicist’s know- 
ledge of nature is, according to Jeans, to be 
identified with the mathematical formulae 
which he constructs from physical measure- 
ments. Tlie question naturally arises whether 
the earth, sun, moon and stars which 
the ordinary man thinks exist in space and 
time, have any existence apart from the 
respective mental impressions. The answer 
to this question would be in the negative if 
we interpret literally the following thesis in 
the address : ‘ The earthquake waves which 
damage our houses travel along the surface 
of the ground, but we have no right to 
assume that tliey originate on tlie surface of 
the ground ; we know on tlie contrary that 
they originate deep down in tlie earth’s 
interior.’ Applying the analogy, the 
sensory impressions which we have of fami- 
liar things do not have their origin, as we 
think they have, in the sun, moon and stars, 
which we think we see, but somewhere else, 
presumably in the mind itself. Rut if this be 
so, the main objection to subjective idealism 
arises, viz., lio w is it that all of us see the same 
sun, moon and stars? To tliis d i Hi culty Jeans 
suggests an answer. In the particle picture 
we think of individual particles, electrons 
and so on, existing in space and time; as 
far as we know, in the truer wave picture, 
the individuality of the particles is lost. 
As we tliink ourselves to be existing in 
space and time we retain our individuality, 
but if we transcend space and time we 
perhaps form parts of a single stream of 
life, where apparently individuality is lost. 
“It is only a step from this,” says Jeans, 
“ to a solution of the problem which would 
have commended itself to many philoso- 
sophers, from Plato to Berkeley, and is, 
I think, directly in line with the new world- 
picture of modern Physics.” It is no 
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doubt true tliis is only a suggestion, but is 
the suggestion in the right direction and 
does it naturally lead to Berkeley’s Subjec- 
tive. Idealism f To Berkeley the objects of 
every-day observation on examination turn 
out to be ideas in the perceiver’s mind. 
For an object to exist is to be perceived. 
In onler to account for the sameness of 
th(^ ()bj(H*.ts perceived by a number of obser- 
vers Berkc'dey introduced the hypothesis of 
(5o<l in whose mind all objects exist as ideas 
and our i<leas are replicas, so to speak, of the 
i<l(^a.s in tlie mind of God. If we take away 
(Jod whoso existence Berkeley assumed, the 
dini(uilt.y that all of us see the same sun 
and moon remains unexplained. Moreover 
to B(uiv(dey individual personalities were 
not indistinguishable ingredients of a stream 
of life, as is the case with the electrons in 
an ehv'.tron current. , In fact, no satisfac- 
tory answer to the fundamental difficulty 
whi(‘.h one encounters in all forms of 
extreme subjective idealism, has yet been 
offered by any philosopher; neither does 
modem l4iysics indicate a satisfactory way 
of me(‘.ting^ it. To Sankara, the famous 
Indian philosopher, both our perceptions 
and tln^, things perceived are illusory 
a])p(‘arances spread over an unchanging 


underlying reality. Our perceptions have no 
higher degree of reality than the things 
perceived. So in his system the idea that 
all persons see the same objects is in the 
mind and therefore is itself illusory. 

^ The old physics,’ says Jeans, ^ imagined it 
was studying an objective nature which had 
its own existence independently of the 
mind which perceived it which indeed had 
existed from all eternity whether it was 
perceived or not.’ One would infer from 
this that there is no objective world existing 
independently of the perceiving mind. 
How different from this attitude is the view 
of Max Planck — one of the most prominent 
among the makers of modern physics ! Says 
Planck: science that starts off by 

predicting the denial of objectivity has 
already passed sentence on itself.” Ac- 
cording to Planck one of the fundamental 
theorems of physical science is that there is 
a real world which exists independently of 
our act of knowing. So the reader of Jeans’ 
fascinating address must not forget that there 
are prominent physicists who differ funda- 
mentally from him on the philosophical 
implications of the revolutionary changes 
that have taken place in the domain of 
Physical Science. ' 


The Stratosphere Balloon and 

T he investigation of the free atmosphere 
by means of sounding balloons carrying 
self-registering instruments has established 
that the mixing of the atmosphere due to 
eonvee.tive processes extends on the average 
to a height of about 17 km. near the tropics 
a.nd to iibout 9 km. near the poles. Above 
these levels, the atmosphere is extremely 
stable foi' vertical movements, the tempe- 
rature increasing with height near the 
tropics atid remaining more or less station- 
ary up to 25 km. in temperate and polar 
u^gnons. The upper stably layered region 
of the atmosphere is called the stratosphere. 
The temperature at the base of the strato- 
sphere is about — 80°C. near the e(][uator 
and about — 50°C. near the poles. 

Among the great scientific achievements 
of the present decade must be included the 
stratosphere balloon ascents of the Belgian 
scientist Professor Piccard and his collabo- 
rators. The principal motive for Professor 
Piccard’s adventure was the study of cos- 
mic radiation more thoroughly and precisely 


its Use in Scientific Research. 

than was considered possible by other 
methods. The repetition of these ascents 
in other lands with similar balloons and 
technique and extended programmes shows 
that voyages into the stratosphere for 
scientific research have come to stay and 
that it is only a question of time before 
power- driven commercial machines will fly 
through the clear, cloudless air of the 
stratosphere with speeds not far short of 
that of sound. 

Piccard’s own account of the bold and 
successful flights carried out by himself and 
his colleagues is contained in his very 
interesting book Auf 16,000 Meler-Meine 
Fahrten in die Stratosphdre (Schweizer 
Aero-Eevue, Ziirich). The essential new 
feature of Piccard’s flying equipment was 
the substitution in place of an open cabin 
of an air-tight gondola for the accommo- 
dation of the aviators and their measuring 
instruments. The gondola was spherical 
in shape, made of aluminium and had a 
diameter of 2-1 metres. It was provided 
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with two man-holes and eight small win- 
dows through which the balloonists could 
obtain a view of the outside world. For 
the regeneration of the used-up air inside 
the cabin, arrangements were made to let 
into the cabin out of a compressed oxygen 
cylinder two litres of gas per minute and 
to remove, by absorption in alkali, the 
carbon dioxide produced by the respiration 
of the passengers. The aviators could thus 
practically carry their own atmosphere 
with them and avoid all physiological diffi- 
culties due to the low pressure at the higher 
altitudes. With a view to regulating the 
temperature of the air inside the cabin, 
Piccard painted one half-side of the gondola 
black, leaving the other half bright. By 
means of a propeller actuated by an electric 
motor, he planned to turn the balloon 
round a vertical axis so as to expose either 
side of the gondola towards the sun. Un- 
fortunately, during the first flight, the 
arrangement did not work and the gondola 
had its dark half facing the sun throughout 
the morning so that the temperature inside 
got uncomfortably high 25-3 UC., although 
the outside temperature was — 55°0. In 
the second ascent, the gondola was painted 
white and the result was that the tempera- 
ture did not rise above 0°C ! 

The volume of Piccard’s balloon, when 
fully inflated, was about 11,000 cubic metres 
and when full of hydrogen at a height of 
16 km. (where the pressure is about 1/10 of 
that at the earth’s surface) could sustain, a 
total weight of 2100 kg. At starting, it was 
•filled only to a fifth of its capacity. 

Piccard and his collaborators carried in 
their balloons experimental equipment for 
measuring the intensity of cosmic rays both 
from the current produced in an ionisation 
chamber and from the enumeration of dis- 
charges in a Geiger counter. They also 
carried apparatus for measuring the effect of 
screening on ionisation and for determining 


whether there was any directional varia- 
tion of the intensity of radiation. The 
intensity measurements confirmed in gene- 
ral the results obtained by Regener from his 
sounding balloon experiments carried out a 
few days before Piccard’s second flight. 
Both investigations showed that above 
13 — II km. the rate of increase of intensity 
of cosmic radiation decreases with height 
and the intensity tends to reach a constant 
value at the outer limits of our atmosphere 
or even to show a decrease. The experi- 
ments with the Geiger counter showed that 
there was no appreciable variation of the 
intensity with direction. It would take us 
too far to discuss the significance of the cos- 
mic ray measurements here. 

Piccard’s ascents were followed by the 
ascents of Stratostat U.S.S.R.” from 
Moscow in September 1933. This reached 
a height of 18,500 metres. Another remark- 
able ascent was organised in the United 
States of America in connection with the 
CenUiry o f Progress Exposition in November 
1933. Professor Piccard collaborated in it. 
The balloon reached a height of 18,665 metres. 
Besides experiments on cosmic rays, 
measurements were also attempted with 
varying degrees of success on the trans- 
mission of the atmosphere for the solar 
spectrum with a quartz spectrograph, on the 
colour and polarisation of sky-light, on the 
photographic visibility of the earth using 
ordinary and infra-red light, on the intensity, 
range and freedom from static of radio 
signals transmitted from great heights, on 
the viability of spores exposed to condi- 
tions prevailing in the stratosphere, etc. 
The detailed scientific results of the ascents 
will be awaited with eagerness by workers 
all over the world.* 

Iv. E. E. 


* A. II. Compton, “ SciontiAc Work in tlie 
Century of Profjress : Stratosphere Balloon, 
Proc, Nat, Acad. ScL, 1934, 20, 70. 
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Some Recent Advances in Indian Geology.* 

By W. D. West, 

Geological Purvey of India. 


2. Deccaxi Trap Volcanic Activity. 

Tisr India we have one of the best develop- 
ments extant of the ‘ plateau basalt ’ 
type of igneous activity, known as the 
Deccan Trap. The importance of a thorough 
study of these rocks will readily be appreci- 
ated when it is understood that in the 
opinion of many geologists the basalt, which 
is the predominant type in this series of 
rocks, is probably the primitive rock from 
■which most other rock types have been 
evolved by some process of differentiation. 
The remarkable similarity in chemical com- 
position which all plateau basalts through- 
out the world exhibit suggests that they 
have been derived directly from some primi- 
tive source without the intervention of any 
process of differentiation, and their study is, 
therefore, of great importance in relation 
to several branches of geology. So far, 
considering the very great area which these 
lavas cover in India, the extent to which 
they have been studied in detail is lament- 
ably small. Their study is conveniently 
divided into two sections. On the one hand 
wc have the immense thickness of horizon- 
tally bedded basalts and dolerites which 
make up tlie greater part of the Deccan 
Trap, and which are typical ^ plateau 
basalts These sliow, even in detail, great 
uniformity of character, though certain 
sliglit differences in cliemical composition 
can be dis(*.erne(i between the earlier and 
later outpourings. On the other hand, there 
occur C(‘rta<iii areas along the north-west 
corner of the Deccan Trap outcrop, notably 
in Gujerat, Katliiawar and Ciitch, in which 
differentiation has pr^oceeded along special 
lines to an advanced stage giving rise to a 
great variety of rock types. It is essential 
for a complete understanding of either of 
these groups that both should be studied. 

The most important contribution to our 
understanding of the petrography of the 
rocks of the former category has been pro- 
vided by Dr. L. L. Fermor, whose study of 
the lavas penetrated by a deep boring at 
Dhusawal, some 250 miles north-east of 
Bombay, has provided us with an accurate 


* Pablished with the permission of the Director, 
Geological Survey of India. 


Statement of the petrography of these rocks. ^ 
In a study of the 29 flows penetrated, it is 
shown that the predominant type of rock is 
a basalt or dolerite of specific gravity 2*91, 
consisting essentially of labradorite felspar 
(Ab^ An^), enstatite-augite fpigeonite), iron 
ore and glass, while olivine, always com- 
pletely altered, occurs in 18 out of 29 flows. 
This description may be regarded as typical 
of the greater portion of the flows of the 
Deccan Trap of India. In this paper parti- 
cular attention is paid to the minerals of late 
crystallisation, occurring either as linings 
and infillings to the amygdales of the flows, 
or as alteration products of the glassy base 
and of some of the minerals. To the former 
group belong the minerals chlorophseite, 
delessite, chalcedony, opal, quartz and lussa- 
tite, and the zeolites heulandite, apophylite 
and ptilolite, with calcite ;• while to the 
other group belong palagonite, clilorophseite, 
celadonite, chabazite, together with idding- 
site, delessite and serpentine which are 
pseudoinorphous after the olivine. The con- 
clusion is reached that, with the possible 
exception of the calcite, l3hese minerals have 
been formed during a late stage in the final 
consolidation of the lavas, and have not 
been deposited by meteoric waters. This is 
the first time these minerals of late crystal- 
lisation have been adequately described. 
Both in this and in subsequent papers the 
process known as ^ palagonitisation ' is dis- 
cussed in detail,- a subject which also 
receives attention in a paper by D. 
Wadia.^ Finally, a further point brought 
out by Dr. Fermor is that in a number of 
the flows the olivine, and sometimes the 
labradorite, phenocrysts have sunk to the 
base of flows which were apparently more 
fluid than the rest at the time of erup- 
tion. This observation of the sinking of 
the crystals leads the author to suggest that 
the ultrabasic rocks found occasionally in the 
Deccan Trap, such as in Baluchistan, ^ may 
have originated by some such mode' of 
gravity differentiation, a point -which- is 
referred to again below. . . . 


1 Rec. Geol. S-iirv. Ind., 1925, 58, 93. 

2 Op. cit,1928,m, 411; and GeoL Mag., 1931, 

68, 266. 

2 Rec. Geol. Surv. Ind., 1925, 58, 338. 
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Tn Euri Drs. L. L. Fermor and C. S. Fox 
Tuihli'iicd ail account of the Decca,n Trap 
1-iva tiows near Linga in the Chhind’wara 
Central Provinces, with a map 
.howiin; the distribution of five separa e 
lloies. 'Specimens representing four of these 
flows have now been analysed and the results 
discussed by Dr. Fermor.' Although of the 
four .specimens analysed two are basalts and 
two are dolerites, the analyses are all very 
<imi^ar It is odIv when the norms are 
cakniiated that slight differences are brought 
out. These show that from the lowest to 
the highest how the direction of change is 
increasing alkaline felspars, increasing total 
felspars, and increasing total pyroxenes, 
with decreasing total iron ores. When 
eoiiipared with the norm of the eleven 
analyses of Deccan Trap made by Washings 
tom after arranging these latter into their 
probable order of extrusion, it is found that 
the differences in composition as one ascends 
in the Tiaps is similar in direction but much 
larger in degree than that shown by the four 
specimens. From this it is deduced that the 
tendency to differentiation illustrated by tlie 
lavas of Linga on a small scale is an epitome 
of that generally applicable to the lavas of 
the Deccan Trap series as a whole. 

As regards the field relations of these 
plateau basalts and their associated dykes 
and sills, a good deal of work has recently 
been done by H. Orookshank along tlie 
northern slopes of the Satpura hills, in the 
north Clihindwara and south Karsinghpur 
districts, where both the field relations and 
the petrology of these rocks present many 
features of interest. A memoir on this area 
is shortly to he expected. The chief interest 
of the aiea concerns the abundant intrusive 
sills and dykes. Generally speaking, the 
high ground to the south and east of the 
area is occupied by Deccan Trap, and the 
low ground to the north and west by 
Upper Gondwana rocks. And although the 
sills are found to some extent in the southern 
area intruded between the basalt flows, they 
attain their grandest development in the 
Upper Gondwanas. The dykes are fre- 
quently composite and vary from fine-grained 
basalts to coarse-grained porphyritic dole- 
rites. The sills are only very rarely compo- 
site, and are nearly all coarse-grained 
somewhat porphyritic dolerites. Normally 
minerals of these rocks are the same 


the 


as those described by Dr- Uerinor from 
Bhusawal, but there are also interesting 
variations. The sills, which arc frequently 
several hundred feet tliick, sliow well tlie 
phenomenon of the sinking of th(‘, olivine 
crystals, though not of the labradoritc^.. In 
some cases not only has olivine sunk but a. 
cryptocrystalline residue, representing the 
last part of the magma to eonsolidaliq is 
concentrated in tlie upper parts of tlie sills. 
This latter contains primary ({uaitz and 
micropegmatite. Quartz caiiaoi; of (‘.ourse 
crystallise in the presence of oliviii(‘. ; but tlu^. 
removal of olivine by sinking has evidimtly 
allowed crystallisation to proceed along lines 
favouring the formation of quai tz, and the 
observation is of more tbau local interest. 
In one or two cases biotib^. was found 
partially altered to cbloroplueite, a-ud Mr. 
Crooksliank suggests that this mineral may 
once have been more abniida.nt, hut has in 
most cases been destroyed by the ])alagouiti- 
sation. One dyke, which, lias beim traced 
intermittently for eight nnl(‘.s, deserves 
special mention. It is a porphyritic (consisting 
of oliguclase, quartz, ensta;tii(c, augite, 
hornblende and micropegina(.it(‘, witii an 
SiO 2 percentage of 63. Nothing lik(c it 1ms 
liitherto been noted in the Gcuitral Urovincccs. 

Coming now to the second portion of our 
subject, we have to deal wit-li a huge 
variety of rock types, sorncc vccry l)asi(c, soim^ 
very acid, and others imukedly alkaline, 
which are found mainly in tluc pmi insula of 
Kathiawar and the adjac(cnt e.ounta’y. Tlucse 
rocks are definitely part of Mkc I)(ce.(can Truip 
volcanic episode, but rop.r(cs(cut the results 
of advanced differentiation localised about 
certain areas or along ceriain limes. Ev(cr 
since the days of F. Feddccii" it ha,s been 
realised that the peninsula of ICatliiawar 
was exceptional in containing sicvicra-l foe-i of 
eruption in wdiich differentia, tion had proccMcd- 
ed to yield a large variety of rocks. vSo 
long ago as 1893 Dr. J. W. Eva-iis made a 
collection of rocks from Juimga-rli S(.a,tc, and 
subsequently published a papei' describing 
one of them, a nionchi(|uit(c (containing 
primary analcite, whicli he found on the 
margin of a nepheline-syenite.'’' ItcKcently 
one or two of his students have n 3 -examincd 
this collection and shown it to bo very 
varied. M. S. Krishnan has mad (3 a detailed 
petrographical study of those collected from 
the Girnar and Osham hills." Of these the 


^ Rec.GeoI.Surv, Ind., 1934 , 68, P6. 3 
Press). 


(in the 


^ Mem. Geol. Surv. Ind., 1885, 21, 73. 

« Quart. Journ. Geol Soc.. 1901, 57, 38. 
Uec. Geol. Surv. Ind., 1926, 58, 380. 
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^:iL"ia.joi'ity are nepTieline-syenites and dolerites, 
t>nt other less common types include quartz- 
i^orphyry, syenite porphyry, syeno-diorite, 
^liorite-gabbro, porphyrite, andesite, olivine- 
^abbro, lamprophyre, limburgite, obsidian, 
^^liyolite and pitchstone. In this paper six 
analyses are given, which the author 
Considers indicate a petrographical province 
^ f the ^ Atlantic ’ type. At about the same 
wme K. K. Mathur, Y. S. Dubey and N; L. 
^barma published a small-scale map of tlie 
^"oc-ks of Mount Girnar, repi’esenting the first 
^^»ttempt to map tliis focus of eruption. In 
accompanying paper intrusions of 
^^Livine-gabbro, cliorite and monzonite, gra- 
^tophyre, and nephelino-syenite are de- 
^oribed.*"^ These are intruded into typical 
Deccan Trap lavas which they liave domed 
forming Mount Girnar. Although there 
apparently no direct evidence of the mode 
f origin of these rocks, reasons are given 
or supposing them to have been derived by 
^bilTerentiation in - situ through progressive 
^crystallisation, estimates being given to 
^liow that the parental magma was of inter- 
^riediate or dioritic composition. If is thought 
bliat crystal settling through gravity has not 
eon operative. More recently, other rocks 
of Dr. Evans’s collection, from the West 
^ 3 ir forest, have been described by S. K. 
Ohatterjee.^ These are mostly basic dykes, 
oliiefly olivine-dolerites, but mention is also 
I'oade of irregular intrusions of acid rocks 
Ciionsisting of spherulitic granophyre, pitch- 
stone, rhyolite and other types. Seven new 
i^rnalyses by the author are given. Other 
xnore general papers which include references 
t.o the Deccan Trap of Kathiawar, and which 
ixi’o not generally known, are E. Howard 
two memoirs on the Economic 
Oeology of Kavanagar State”*® and on 
t^lie /^Economic Geology of the Porbandar 
State”, which are illustrated by a large 
11 Timber of photomicrographs; and a paper 
tiy K. P. Sinor on the ‘^‘Igneous and Sedi- 
iiientary Eocks of Bhavnagar Territory, 
a,Iso illustrated. 

As regards the more acid types of rock, 
■vv^Iiich have been known to occur in the 


s Journ. Gcoh, 1926, 34, 289. 
s> Op, cit, 1932, 40, 154. 

E. H. Adye, Memoir on the Economic Geology 
JSfavanagar State, Bombay, 1914, 262. 
i E. H. Adye, Reports on the Economic Geology 
JSf avanagar State, Bombay, 1917, 198. 

^*-2 K. P. Sinor, Petrographic Descriptions of the 
j^^/rfeous and Sedimentary .Rocks of the Bhavnagar 
Bombay, 1927, 72. 


j Deccan Trap ever since W. T. Blanford 
published his observations on the geology of 
the Tapti and Lower Karbada valleys, 
K. K. Mathur and P. E. J. Kaidu have 
recently described some acid intrusions and 
lavas on the coast north of Bombay 
comprising trachytes, granophyres and 
rhyolites.*^ These include the granophyric 
trachyte” of Kharodivadi described by M. S. 
Krishnan.^" Associated with these rocks 
are glassy gabbros and dolerites. As a 
result of calculating the silica percentage of 
the glassy base of tliese rocks, shown to be 
about 08%, the autliors are led to believe 
that the acid intrusions represent the same 
glassy base after it has separated from the 
partly crystallised magma and solidified 
away from it. They further conclude that 
these acid intrusions are a very recent 
phenomenon. Subsequently, in his presi- 
dential address to the geology section of the 
Indian Science Congress, 1934, Mathur 
brought together all known occurrences of 
both acid and very basic rocks of Deccan 
Trap age, and discussed briefly their origin 
and age.^'’ He suggests that the acid types 
occur mainly along two lines, one running 
north and south, from Pavagad hill in the 
Panel! Mahals in the north, to Bombay 
Island in the south, and one running east 
and west, along the Narbada valley to as 
far as Barda hill in Porbandar State in 
Kathiawar. Ho further suggests that their 
origin may be due to the assimilation of 
acid rocks by the molten basalt, basing his 
conclusions on certain observations made by 
W. T. Blanford and P. N. Bose. His view, 
however, tliatthe rhyolite on Pavagad hill is 
an intrusion lias now been shown to be 
incorrect, A. M. Heron having confirmed the 
original view of Dr. Fermor that it is a flow 
capping the hill and part of the general 
succession of lavas. As regards the 
age of these rocks, while recognising the 
possibility that in certain cases both the 
acid and the very basic types were extruded 
at the beginning of the Deccan Trap period, 
he inclines to the view that for the most 
part they are very recent in age, attributing 
their age in some cases to a period sub- 
sequent to the establishment of the present 


13 Mem. Geol. Surv. Ind., 1869, 6, 163. 

Malaviya Commemoration Volume, 1932, 787. 
13 Rec. GeoL Surv. Ind., 1929, 62, 371. 

13 Proc. 21si Ind. Sci. Congr., Bombay, in the 
press. 

17 Rec. Geol. Surv. Ind., 1934, 68, 17-18. 
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topography, a conclusion which perhaps 
some geologists will find it difficult to accept. 

It was mentioned above that Dr. Fermor 
had suggested means whereby the ultra-basic 
rocks of Deccan Trap age, such as those in 
Baluchistan, might have been derived from 
the normal basaltic magma by the sinking 
of some of the phenocrysts. Further light 
has been thrown on this problem by W. D. 
West, who has examined the cores of rock 
brought up by deep borings put down 
through Deccan Trap lava flows in different 
parts of Kathiawar. These rocks include 
very basic types such as limburgite and 
ankaramite, interbedded with the more 
normal Deccan Trap type of basalt. A study 
of the phenocrysts of olivine, augite and 
felspar found in these very basic lavas shows 
that in each type of rock the composition of 
the phenocrysts is closely related to the 
composition of the rock in which they occur. 
Thus the felspar phenocrysts in the more 
basic types are bytownite-anorthite as 
compared with the medium labradorite 


18 Rec, GeoL Surv. Ind,, 1934 , 68 , 17 . 


which occurs in the normal Deccan Trap 
basalt, while the olivines are more magnesian 
and the pyroxenes more calcic than those 
found in the normal basalt. These facts are 
thought by West to show that the different 
rock types did not originate during the 
Deccan Trap volcanic period by the sinking 
of phenocrysts as they crystallised from the 
basalt, since the phenocrysts differ markedly 
in composition from those found in the 
basalt ; but that differentiation of the basalt 
took place long before Cretaceous times, and 
that the various rock types so formed wmre 
already available for extrusion when re- 
melting took place during Upper Cretaceous 
times. 

There is clearly still a large field for 
research into problems of Deccan Trap 
volcanic activity, and it is a field which is 
admirably suited to research by those 
unattached to official surveys. It must, 
however, be controlled by detailed and 
accurate field work, aided by chemical 
analyses, if it is to be of any real value. 


Op. cit, 1932 , 66 , 18 . 


Chalcolithic Civilisation. 


rpiIB explorations carried out between the 
L . years 1928-1931 by Mr. K. G. Majumdar 
of the Archaeological Survey of India have 
resulted in the discovery of sites on the 
western banks of the Indus which are 
reported to be older than Molienjo-daro in 
the Indus valley. The people who lived in 
these areas had not attained any considerable 
prosperity, for apparently the hilly tracts 
which they occupied were neither fertile, 
nor rich in mineral resources. Their dwel- 
lings appear to have been constructed out of 
crude materials such as reeds and wood on 
a stony basement, and burnt bricks were 
practically unknown to them. At two 
places, All Murad and Khotras, the remains 
of the fprtified places which have been 
unearthed, reveal walls built of stones 
which are in contrast with similar structures 
composed of bricks in Mohenjo-daro. The 
hillmen, the lake dwellers and the river 
• inhabitants appear to have known the art 


of making pottery on the wheels for 
domestic purposes. Mr. Majumdar in his 
report draws attention to the fact that these 
utensils are capable of being divided broadly 
into four classes, a classification which he 
bases on the scheme of colouration, their 
geometrical shapes, the paintings on their 
surface and on the degree of polish. Com- 
pared with such finds in Mohenjo-daro and 
Harappa, the Chalcolithic vessels point to 
an earlier civilisation of great historical 
importance, of a race of people contempora- 
neous with the races who dwelt in 
Baluchistan, Persia and Mesopotamia in 
the third and fourth millennium B.C. Kear 
the lake Mancher and at the upper levels of 
Jhukar and Lohumgo-dara, the excavations 
have brought to light a class of pottery 
which illustrates the later phases of Mohenjo- 
daro culture. We await the publication 
of fuller details of these extremely interest- 
ing pre-historic sites. 
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Observations on Some Plant Abnormalities in Bengal. 

By K. Biswas, M.A., 

Royal Botanic Garden, Calcutta. 



A BiTOEMALITIES of various types have 
been observed in a large number of 
wild and cultivated species of plants in 
Bengal. Of such may be mentioned fasciated 
flowering branch of Achras Sapota as shown 
in Fig. 1. Fasciation of Tagetes p alula, 
MirahUis jalapa, Amaranthus sp. and Gelo- 
sia sp., and many other species are not of 
rare occurrence. A branched inflorescence 
of Lagenaria vul- 


garis, 


received 


recently, deve- 
loping from the 
root stock is an 
interesting speci- 
men for study. 

This abnormal 
branched inflo- 
rescence bears a 
large number of 
flowers in aggre- 
gation. Investi- 
gation is being 
carried on to 
trace the factors 
which led to such 
a peculiar abnor- 
mal basal inflo- 
rescence in Cucur- 
bitaceiB. Sections 
of stems, flowers 
and fruits do not, 
however, show 
anything abnor- 
mal. Formation 
of fasciated struc- 
tures and other 
similar monstro- 
sities is often 
considered to be 
due to local 
damage or excess 
of nourishment 
at the growing 
organ either by attack of gall-insects or other 
agencies. Examples of abnormal flowers of 
Hibiscus f os a- sinensis, Dianthus sp. and other 
horticultural species are many. Flowers borne 
on the axil of the petals of a single flower and 
also sterile double flowers due to branching 
of the thalamus in Hibiscus rosa- sinensis^ 


Branched Phoenix sijlveslris. 


^ Banerjee, S. C., “ Terretological branching of the 
thalamus of a species of Hibiscus.” Proc. Sixteenth 
Ind, Sci. Congress, 1929, 228. 


are not of rare occurrence. Viviparous 
seeds of non-mangroove species such as Zea 
Mays, Mangifera Indica, Artocarpus integrl- 
folia are also not uncommon. Double fruits 
of Giirus decumana and double and quadruple 
fruits of mangoes (Mangifera indica)'^ and 
brinjal (Solanum melongena) sometimes in 
the form of bifurcating horns are many. A 
syncarpous fruit of Cocoanut palm (Cocos 

nucifera) has 
been received of 
late years for an 
exhibit in the 
gallery of the 
Industrial Sec- 
tion of the Indian 
Museum. Poly- 
embryony in the 
genus Eugenia 
has been record- 
ed by Tiwary.^ 
On rare occa- 
sions, evidently 
due to stimulus 
from local injury 
at the apices of 
the stem, crowds 
of branches deve- 
lop forming a 
crown on palm 
stems. Such a 
specimen of Phoe- 
nix sylvestris ex- 
ists in Southern 
Calcutta in tlie 
courtyards of a 
residential house. 
The tree which is 
still alive is about 
sixty years old 
and some of the 
branches are 
since dead. The 
branches come 
out mainly in two lateral directions and vary 
from 4 to 5 feet in length, each bearing the 
usual crown of leaves. Each of these heads in 
its turn bears also flowers and fruits in 
proper season, as shown in the photograph I. 

^ Singha, B. N., “Notes on the Terretology o£ 
certain Indian Plants,” Jour. Ind. Boi. Soc., 1931, 

10 , 160. 

^ Tiwary, N. K., “On the Occurrence of Poly- 
embryony in the genus Eugenia,” Jour. Ind. 
Bot.Soc., 1927,5, 124. 
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An interesting specimen of a branched 
inflorescence of 3Iusa sapienUcm ^^ar. 'para- 
disiaca lias recently been observed in a 
plant growing in the village Gobardanga of 
24 Pergunnahs. This plant, as illustrated 
in the photograph II, has a long inflorescence 
bearing a large number of spikes which are 
pediceiled. Tims the inflorescence appears 
like a branched panicle, each branch bearing 
a branch of three stalked spikes. The 
inflorescence carried a total number of 
about 22 spikes and some of them were 
bearing green fruits. Syncarpous fruits are 
also observed which is, as known to the 
plant terretologists,"^ due to mutual pressure 
in the position of the flowers in the 
•inflorescence, A branched inflorescence 
in Bfusa sapienium was previously reported 
by Messrs. K. G. Banerjee and G. P. Mozum- 
dar. They made a note in the abstract of 
papers of the Proceedings of the Sixteenth 
Indian Science Congress, 1929, ^^on the 
branching of the main axis and development 
of 105 perfect and semi-perfect inflorescences 
in the places of flowers in the axils of 
spathes on the main axis,’’ Costerus and 
SmitlP in their studies of tropical terretolo- 
.gist, 1915, recorded a branched inflorescence 
in Musa paradisiaca. The same authors 
have also reported that the branched 
inflorescence bears flowers and fruits in 
the following year, if the axis of the 
inflorescence remains on the plant. Musa 
paradisiaca and other Musa species such 
as Musa ornaia are susceptible to various 
types of abnormal growths of the floral 
structure of the flowers as reported by 
H, Criiger/ Parthenocarpaj^ is also common 
and has, more or less, been thoroughly 
studied by various authors together with 
their anatomical details. Monstrosities 
such as an inflorescence bursting out from 
the base of the crown of leaves is not of rare 
occurrence as once reported by Mr. S. C, 
Banerjee, Professor of Botany, Presidency 
College, Calcutta. Abnormalities of the 
flowers of M%isa superha and Musa para- 
disiaca were also noted by Agharkar.^ It 
is indeed a matter of some importance to 
note that such branched inflorescence in 
Musa can bear fruit. The question is the 
quality of the fruits borne. If by horti- 
cultural experiments such branched 

^ Penzig, O PfLiinzeii-teretologie, 1922, 3 , 325. 

^ Agharkar, S. P., “On the abnoimalities of the 
flowers of Musa siiperhaand Musa 'paradisiaca .sab 
sp. sapientum,'" Jour, hid, Bot. Soc., 1931, 4 , 
18-20. 


inflorescence in Musa may be allowed to bear 
fruits of good quality and ol; sufficient 
market value, it means a good headway 
in the study of liorticultiire. Musa 
paradisiaca Linn, was formerly considered 
as a separate species. It was subsequently 
included by Hooker in Musa siiplenlum 



Branched inflorescence of Mubxi sapieuilicm^ 
var. paradisiaca. 


Linn, which Prain,^’ agreeing with IlookeP 
has rightly considered paradiuam Hook., 
a variety of Musa sapicnhmi Lian. Musa 
sapienium Linn. var. Paradlszaccz Hook, 
which is wildly cultivated in P)en^?ul is com- 
monly known in Bengali as Kanchkala. 
The systematic position of various types of 
cultivated bananas is not yet quite fixed 
although attempts are being made by a large 
number of systematists and liorticiilturists 
in this direction. Wild bananas Lave also 
been taken into account. 

In 1929, one of the papa^^a {Gariea 
Papaya) plants grown in the campouDds 
of the writer inside the Loyal Botanic 
Garden, Calcutta, exhibited, on one of ifcs 
leaves, a peculiar superposed leaf- structure 


® Pi'am, D., Bengal Plants, 1903, 2, 1050. 
Hooker, J. T>., Flora of BritislilTiiJia^ 1894, 6, 
262. 
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with a stalk developing over the primary 
leaf-lamina appearing as an extension of the 
primary leaf-stalk (Fig. 2). Singh, who has 
recorded a large number of malformations 
from different provinces of India, mentioned 
in his note On the terretology of certain 
Indian plants'’ VIII,'^ ‘ stalked funnel or 
spoon-like structures on the adaxial surface’ 
of the leaf of Carica Fapaya, \just above 
the point of attachment of the petiole and 
the palmate lamina’. He evidently referred 
to a superposed leaf. Mozumdar in the Pro- 
ceedings of the Indian Science Congress, 1929, 
considers similar superposed leaf formation 
as a case of enation, evidently, as his observa- 
tion suggests, in want of a more suitable term. 
He, however, suggests a superficial nature 
of the growth of this superposed leaf 


the Colorado Eiver Valley of Southern 
California. An otherwise normal leaf bore 
a secondary leaf-structure erected in double- 
deck fashion above the primary leaf-blade. 
The first sight of such a leaf gave a 
startling sense of novelty, though several 
plants in California were found to have 
such leaves, and many others in Southern 
Florida. A superposed leaf-structure should 
not be confused with twinning, fasciation, 
or other lateral modifications of leaf-blades, 
which have been reported from several 
families of plants. The Carica variation 
may be described as a vertical addition to 
the leaf, supported by a secondary petiole 
growing out of the callus of the primary 
leaf-blade (see Figs. (> & 7). A special 
word seems necessar}?^ to characterise the 



Fig- 1- Fasciated branch of Achras Sapota, Fig. 2. Superposed Leaf of Carica Papaya, 


structure. This interesting variation in 
leaf structure of Carica Papaya has been 
discussed by Cook^ very lately in his illumi- 
nating article entitled ‘‘Double-deck Papaya 
leaves — an example of leaf evolution”. 
Cook rightly suggests a special term superale 
for such an overtopped, double deck leaf, 
with secondary leaf structure rising above 
the primary leaf-blade. Cook observes : — 
^‘A striking variation was found in 1932 
in an experimental planting of papayas in 

^ Singh, T. C. N., Proc, 18 th Ind. Sci. Cong., 
1931, 270. 

® Cook, C. F., “ Double-deck Papaya leaves, an 
example of Leaf Evolution,” Jour, of Heredity, 
3-934, 25, 2gQ. 


overtopped, double-deck leaf, with a 
secondary leaf-structure rising above the 
primary leaf-blade. Such a word as superate 
may convey the idea of a leaf surmounted 
by another leaf, as representing the 
morphological principle of adding new 
elements of leaf- structure by superposition. 
Setting one leaf on another may be 
considered as a method of derivation of 
compound leaves from simple leaves. The 
Carica variation illustrates a constructive 
possibility in leaf evolution that apparently 
has not been recognised in the past, but 
may be worthy of observation and experi- 
mental study.” 

Palm-shaped and other curiously shaped, 
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of Carlca Papaya and fruits contammg 
-oniotiaie'two or tlireeor as many as &e\ett 
fruifs inside one fruit or one inside the other 
•i-c of frequent occurrence. 

Ir i.s suggested by Botanists and Horti- 
culturists l;hat seeds or grafts froru the 
abnormal structure sometimes result m the 
development of similar abnornial individuals. 

••Such an instance is well established m Ficus 
Kfishill. a horticultural species grown in 
the Eoyal Botanic Garden. But reversion 
to the parent form of F, BengalensiSj wliicli 
mav be called a bud mutaiioyij^^ has actually 
taken place in one of the branches of this 
J Krishna as reported by the author in 
Kature. Details of this will be published in 
a subsequent note. 


Medical College, Calcutta, a specialist in 
hard Fungi, possesses in his herbarium 
specimens of G. lueidus of various plianta-stic 
shapes. Sucli curious developineiit is v(uy 
likely due to obstruction in the devidopuumt 
of the tliallus and need not betaken as any- 
thing extraordinary. 

Monstrosities or malformations are but 
freaks of hlature and may be considered as 
marked aberrant variations app(ui.ring 
suddenly in a plant body. They are hy no 
means less common and to a botanist does 
not appeal so much. “ The relatiouslup 
between plant deformities and living 
organisms (ranging from bacteria to ins(^cts) 
was fairly common knowledge in mvionB 
horticultural circles before the present 



Figs. 3 &4. Abnormal growth of sister cells of CosmaHwn granaiwm and O. Huhvonktlum. 
Fig. 5. “ Hand of a Ghost,’" abnormal growth of the tha)lus of G anolerma 


Abnormalities in Algse and Fungi are 
also not very infrequently met with. Conju- 
gated among algaB are well known for such 
variations from normal development. Thus 
Cosmarium species sometimes exhibit pecu- 
liar monstrous growth of sister cells(Figs. 3-4) . 
Abnormal conjugation is also reported. A 
peculiar finger-like form of Qanoderma 
lueidus (Fig. 5) has aptly been designated by 
the collector as ‘'Hand of a Ghost’’. Dr. 
S. E. Bose, Professor of Botany, Carmichael 

Mozumdar, G.P., ‘‘A Kote on some Abnor- 
malities In Carica Papaya Linn.,” Proc. Ind 
SeL Cong., 1929, 240-241. 

Biswas, K.. '"Bud mutation in Ficus.” 
Mature, 1932, 130, 780, 


century dawned. Korner, in liin Natural 
History of Plants, gives a very full ac.c.oinit. 
of the matter, w^hile recognition of the 
cause of fasciation has now b(H‘.oine ho iiiueh 
an item of popular information as to 
entitle its mention in Webster's Dic.tioiiary.” 
But laymen sometimes ascribe all sorts' of 
explanation to a structure lik(» that of 
“ Haiid of a Ghost” and it has boon hoard 
that they even go so far as to worship such 
a structure. Occasionally luminous fungi or 
bacteria emanating light from a log of 
rotten wood in a forest during the rains at 
night create similar surprise among villagers 
who consider them as a supernatural plieno- 
menon. The actual factors connected witli 
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the production of malformations such as 
fasciation, etc., have not so far been 
thoroughly investigated in spite of fair 
accumulation of literature on this subject. 
Stoker^^ rightly observes : A simple gall, 
such as that appearing on the oak, is due 
to insect injury to a differentiated tissue. 
Fasciation, which may be looked upon as a 
compound bud, or cluster gall, ensues from 
an invasion of embryonic material. Thus 
the fasciation of Asparagus really extends 
upwards (with the growing tip), not down- 


wards. Excess of nourishment, as Mr. 
Mulligan surmises, has no connection what- 
ever with the malformation. Mechanical 
injury, whether accidental (as from the 
growth coming in contact with an obstruc- 
tion), or due to voluntary trauma (such as 
pinching out a growth) cannot cause fascia- 
tion, or anything resembling it, unless the 
wounds become infected. ” Perhaps detailed 
physiological, ecological and horticultural 
investigations may solve the problem in 
future. 


The Role of Silicon in Plant Nutrition. 

By A. Sreenivasan, m.a.. 

Department of Bioohemistry^ Indian Institute of Science^ Bangalore. 


TpVEE since Liebig first propounded his 
mineral theory ” of plant nutrition 
(1840), it has been generally recognised 
that certain elements like phosphorus, 
potassium, calcium, magnesium and iron are 
essential to perfect plant growtli. During 
recent years, there has been increasing 
evidence to show that minute quantities of 
certain other elements like boron, fluorine, 
iodine, silicon, aluminium, manganese and 
zinc are also necessary. The parts played 
by many of the above-mentioned elements 
in plant nutrition have been more or less 
defined : those of others, especially that of 
silicon, are still comparatively obscure. 

That silicon is always present in plants 
and forms a considerable proportion of their 
ash constituents is well known (Wicke,^ 
Hattensaur,- Wolff,'' Criiger^ and others). 
Though the silicon content of different parts, 
especially that of leaves, is extremely 
variable, from the merest traces to over 
80 per cent, of the total ash, still complete 
absence of that element is never observed. 

This very general presence of silicon led 
to the belief that it is an essential nutrient 
to most plants ; that it contributes to the 
stiffness of the tissues while its absence is 
the cause for the laying of crops after heavy 
rains. Later observations showed, however, 


12 stoker, F., “Fiisciation,” Gardener's Chronicle, 
1934, 96, 43-44. 

1 Wicke, W., Bot. Zeit., 1862, 20, 76. 

2 Hattensaur, G., Ber. der Kais. Akad. der 
Wissenschaft, Wien, 1890, 99, IIB, 29. 

3 Wolff, E., Aschen-analysen, 1880. 

4 Gmger, H., BoL Zeit, 1857, 15, 281, 297. 


that it cannot be placed in the same category 
as phosphorus or potassium as essential 
elements of plant nutrition, for a number of 
investigators (Sachs,'' Knop,'' Jodin,^ 
HonneF and others) working with different 
plants succeeded in demonstrating that 
silica can be completely dispensed with and 
tliat successive generations of crops can be 
grown to maturity in culture solutions 
without any supply of silicon beyond that 
provided by tlie original seed. 

It is hardly likely, however, that a 
material which constitutes such a large 
percentage of the mineral constituents can 
be wholly without any use in the economy 
of the plant. Experience has indeed taught 
agriculturists that silica-free plants are 
at a disadvantage compared with those 
grown with tlie normal supply of that 
element. The latter are able to witlistand 
insect pests and fungus diseases to a greater 
extent than the former. 

Wollf and Kreuzhage" were probably the 
first to bring to light an entirely new aspect 
of the role of silicon in plant economy. 
Tliese authors grew oats in culture solutions, 
with and without silica, and noted that in 
the former case there was considerable 


Sachs, J. von.. Flora, 1862, 52; Exper. 
Physiol., 1865, 150. 

3 Knop, W., Landw. Versuchs-Stat., 1862, 2, 
185; 3, 176. 

7 Jodin, V., Ann. Agron., 1883, 9, 385 ; Compt. 
rend., 1884, 97, 344. 

® Honnel, Ileherlandts toiss. praJd. TJnters., 
1877,2, 160. 

® Wolff, E., and Krouzhage, C., Landw. Ver- 
suchs-Stat, 1884, 30, 161. 
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increase in the proportion of grains formed, ; 
an effect precisely similar to that brought 
about by addition of phosphoric acid. They 
concluded that the actions of silica and of 
phosphoric acid are, in some way, related . 
This was supported by the field observations 
at Itothamsted where consistently increased 
yields were obtained on phosphorus deficient 
soil by the application of sodium silicate. 
After due consideration of these results and 
observations made in the course of special 
series of water-culture experiments, Hall 
and Morison^® concluded that the beneficial 
effect observed on fertilisation with silicate 
is due to increased assimilation of phospho- 
ric acid by the plant. They also adduced 
evidence to show that the related transfor- 
mations occur in the plant and not in the 
soil. Gregoire^^ grew barley to maturity in 
nutrient solution and found that on addition 
of 0*3 per cent, of silicate, there was 
decided increase in the yield of dry matter. 
He concluded that the increase was largely 
due to the absorption of silica by the plants 
and its consequent utilisation in growth. 
More than 43*5 per cent, of the ash of the 
plants receiving silicate consisted of silica 
while only less than 5 per cent, of silica 
was present in the ash of the controls. 
Similarly, Jennings^- found ah increase of 
18-20 per cent, in the dry weight of wheat 
seedlings grown with 1 per cent, silica 
added to the nutrient solution and also an 
increase in the silica content of the plants. 

Shedd^^ and Schollenberger^*^ both observ- 
ed that the effect of silicates in increasing 
growth is particularly marked in the case 
of soils deficient in phosphates. Lemraer- 
mann and Wiessmann^^ observed that even 
when no phosphate was added significant 
increase in crop yield could be obtained by 
application of silicates. They concluded 
therefore that colloidal silica has a direct 
effect on plant growth and that it acts in 
cases of phosphate deficiency by virtue of 
its ability to partly replace the latter in the 
plant. The analytical results showed, on 
the other hand, that the favourable action 
of silica could be correlated with increased 


^0 Hall, A.D., and Morison, Gr. 0. T.,Proc, Roy, 
Soc,, 1906, 77B, 4-55. 

Gregoire, A., Bull. Soc. Chim. Bely,, 1911, 
25, ii, S5. 

Jennings, D. S., SoilSc'i., 19] 9, 7, 201. 

13 Shedd, 0. M., ibid., 1922, 14, 233. 

Schollenberger, C. J., ibid., 1922, 14, 347. 

^3 Lemmermann, O., and Wiessmann, H., 
Z. Pflanz, Bung., 1922, (A)l, 185. 


assimilation of phosphoric acid by the plant 
(Lemmermann, Wiessmann and Sammett^^). 
Lemmermann therefore abandoned his 
earlier views and explained his results by 
the hypothesis that silica exerts a solvent 
action on the phosphates present in the soil 
and renders it more easily available to the 
plant. His conclusions were criticised by 
Duchon,^^ while hTanj i and Shaw’^® controvert- 
ed his hypothesis stating that if phosphoric 
acid be absent, but an abundant supply 
of silica be available the latter should be 
able to take the place of phosphate without 
any detriment to growth; that conditions 
which are favourable for the assimilation 
of silica, may even suppress the intake of 
phosphoric acid, so that the supposition 
that in the absence of adequate supply of 
phosphoric acid silica has an indirect 
stimulating action on the plant is not 
borne out. 

Denscld^ came to the conclusion that 
silica does not replace phosphoric acid but 
that soluble silicates induce better growth 
and greater intake of plant food from the 
soil. This was corroborated by Gile and 
Smith“*^ who also found that silica greatly 
benefits the growth of plants receiving rock 
phosphate, presumably by increasing the 
quantity of phosphoric acid in solution. 
This benefit was not noticed when the more 
readily available acid phosphates were used. 

Brenchley, Maskell and Warington'-^ 
showed that under controlled conditions in 
water cultures, soluble silicate had little 
effect on the growth of barley if phosphorus 
was also present, but in the absence of the 
latter, significant increase in dry weight was 
induced by the silicate. There was no 
indication of partial replacement of phospho- 
rus by silicon. 

From a statistical analysis of the results 
on the Eothamsted continuous barley plots, 
Fisher-- controverted the earlier conclusions 
of Hall and Morison (loc. cit.) and showed 
that the added silicate increased the total 
phosphoric acid content of the produce 


^3 Lemmermann., O., Wiessmann, H., and 
Sammett, K., ibid., 1925, (A) 4, 265. 

Hnchon, Fr., ibid., 1925, (A) 4, 316. . 

^3 Nanji, D. R., and Shaw, W. S., J. Soc. Chem. 
Ind., 1 925, 44, IT. 

Densch, A., Landw , Jahrb., 1924,60, 142. 

30 Gile, P. L., and Smith, J. G., J. Agric. Res., 
1925,31, 247. 

31 Brenchley, W. K., Maskell, E. J., and Waring- 
ton, K., Ann. App. Boil., 1927, 14, 45. 

33 Fisher, R. A., J. Agric. Sei., 1929,19, 182. 
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to an extent consistent with the increased 
yield. Others (Mange, Seki-"^) have shown 
that addition of colloidal silica or silicates 
increases the efficiency of phosphates not 
only in phosphate deficient soils but also 
in soil or sand cultures containing useful 
quantities of that element. Arrhenius-^ 
found no evidence to show that addition 
of silicate to nutrient solutions in sand 
cultures reduced tlie phosphate requirements 
of plants. Jensen and Lesch-^ also obtained 
benefits from colloidal silica in sand cultures 
only wlien phosphorus was added in a 
difficultly soluble form or in mixed fertilisers 
which tended to render the phosphate 
insoluble. 

A critical study of the literature would 
point to the following: — (1) Silicon 
may not be essential to plant life in the 
sense that phosphorus is, but it has neverthe- 
less, a beneficial effect on plant growth and 
leads to increased crop yield. It enables 
the plant to withstand adverse climatic 
conditions and resist the attacks of fungi 
and insect pests. (2) Application of silicate 
facilitates better intake of phosphorus from 
either soils which are deficient in that ele- 
ment or mineral phosphates, which are not 
readily available. When phosphorus is 
present in a soluble or, at any rate, readily 
available form the assimilation of the two 
elements seems to proceed independently 
of each other. (3) Silicon does not appear 
to be capable of wholly substituting phos- 
phorus in plant economy but its ability to 
do so at least partially is still an open 
question. (4) Tlie seat of interaction be- 
tween silicon and phosphorus is not well 
defined but is probably in the soil. 

The original tlieory of Wolff and Kreuz- 
hage (loc. cU.)^ is not tenable since all later 
work lias shown that the extra phosphoric 
acid derived from the soil is itself sufficient 
to explain tlie greater yield without attri- 
buting to silica any specific action in econo- 
mising the pliosplioric acid present therein. 
The view that silica can replace phosphoric 
acid was Iield by Gregoire {loc. cU.) and 
first put forward by Lemmermann (who, 
however, modified it subsequently) and 
supported by Nanji and Shaw {loc, cit.) from 

2 3 Mange, L., Z. Pflanz, Bung., 1928, ^B) 8, 365. 

24 Srki, S., C.A , 1028,22, 2808. 

2 5 Arrlienias, O., Z. Pfla iz. Dunj,, 1930, (A) 16, 
91, 307. 

23 Jensen, W., and Lescli, W., ibid,, 1930, (A) 17, 
4:8. 


analyses of various cereal straws. This 
again is hardly tenable, for if the function 
of the silica is to replace phosphoric acid 
within the plant, the larger crop due to 
fertilising with silicates would not contain 
any greater amount of phosphoric acid, but 
the general growth of the plant as represent- 
ed by dry matter produced, or nitrogen 
assimilated, would be increased. In other 
words, the ratio of the phosphoric acid to 
total dry matter and nitrogen would be 
lowered in proportion to the increased 
growth. This is not, however, realised in 
practice as will be seen from the data of 
Hall and Morison (Loc. cit.), Brenchley, 
Maskell and Warington (loc. cit.) and others 
which show that the ratio of phosphoric acid 
to nitrogen is generally raised by application 
of silicate. Again the observations of 
Densch (loc. cit), Gile and Smith (loc. cit.), 
Arrhenius (loo. cit.) and others lead to the 
conclusion that increased assimilation of 
silica does not enable the plant to get along 
with less phosphoric acid and that the 
beneficial effects of colloidal silica is observed 
only where phosphorus is present in insolu- 
ble or, at any rate, difficultly soluble forms. 

That silicon acts as a plant stimulus 
facilitating better assimilation of phosphorus 
is the view held by Hall and Morison, who 
base their conclusion on the observation 
that the application of silicate lowers the 
proportion of phosphoric acid in the straw 
but raises it in the grain. Addition of 
silica to the ash naturally reduces the 
percentage of other constituents, while (as 
mentioned before) the increase in the propor- 
tion of phosphate in the dry weight of the 
crop is alone sufficient to account for the 
increased yield in grain and straw without 
postulating the aid of any stimulus to plant 
growth. 

The nature of interaction between silicates 
and the soil and its bearing on the avail- 
ability of phosphorus have not yet been 
adequately studied. The analytical data 
obtained by Lemmermann, Wiessmann and 
Sammett {loc. cit.) would suggest that the 
assimilation of phosphoric acid by the plant 
is inci*eased in presence of soluble silica ; 
that the latter exerts a solvent action on 
the phosphates present in the soil. Lem- 
mermann’s work consisted essentially of 
experiments in sand cultures and would 
therefore require repetition under field condi- 
tions before any definite conclusions can be 
drawn. Fisher’s analysis (loc. cit.) of the 
results on Hoosfield barley plots, while 


196 


CUnRENT SCIENCE 


[November 1934 


showing that application of silicate increases 
the availability of phosphorus, still leaves 
the meehanism of phosphate dissolution 
unexplained. The experiments of Gile and 
Smith (loc. eil.) with rock phosphate and 
silica gel are not above criticism. Their 
pot-culture experiments have not been 
suitably replicated. Although a study of 
the solubility of phosphates in presence of 
silica gel is of much scientific interest, it 
should be admitted that it cannot reproduce 
the changes that attend the application of a 
silicate to the soil. There is indeed consider- 
able evidence to show tliat the reactions 
taking place when a silicate is added to the 
soil may increase or decrease the efficiency 
of dilferent phosphatic fertilisers and that 
these reactions vary in different soils. Even 
when a soluble phosphate is used, a part is 
fixed by the soil and we are ignorant as to 
how much of the lixed phosplioric acid is 
available and how much unavailable. Similar 
reactions have, in the writer’s experience, 
been found to take place with regard to 
soluble silicates, so that the extent to which 
a soluble silicate aids phosphorus resorption 
■is bound to vary with the type of soil under 
study. 

It is possible that a part of the beneficial 
effect of silicate is due to purely physical 
causes. In this connection it should be 
noted that Lemmermann and Wicssmann 
{loe, cit.) obtained beneficial effects only with 
pure silica gel which is absorptively active, 
while kaolin, kieselguhr, permutites and 
other silicious materials gave no increase. 
Reifenberg-^ found that it is possible to 
peptise finely ground crude phosphate by 
colloidal silica and to obtain soluble crude 
phosphate-silica sols. ITe attributed the 
increased assimilation of phosphoric acid in 
presence of colloidal silica to the protective 
action of the latter which prevents the 
particles of crude phosphate from secondary 
aggregation and thus make them more 
easily available to the action of plant roots. 

The practical significance of silicate ferti- 
lisation in field practice is still rather ill- 
defined. Thus, it is not possible to state 
whether the saving that might result in 
regard to phosphatic or potassic fertilisers 
by judicious use of silicates would be an 
economic proposition. Mcklas, Schropp and 
ITock'*^ found that a “silico-super- phosphate” 

' 2 7 Reifenber^, A., itid,, 1930, (A) 17 , 1. 

28 Nicklas, H., Schropp, W., and Hock, A., 
Aich. Pflanz., 1932, 9A, 470. 


made by adding kieselguhr at one stage in 
the manufacture of super-phosphate showed 
some superiority over the ordinary commer- 
cial product. It is possible that some such 
process might ultimately offer a practical 
method of exploiting the beneficial effect of 
silicon in increasing the availability of soil 
phosphorus. 

Nothing is known regarding the possible 
beneficial effects of silica on soil constituents 
other than phosphates. Whether the pre- 
sence of a free supply of soluble silica enables 
the plant to repair any weak link in the 
chain of nutrition and get, as need be, more 
nitrogen, phosphorus or potash from the 
soil or whether its beneficial effect is solely 
confined to phosphoric acid is yet to be 
elucidated. 

Although it is recognised that silicon 
toughens the tissues and makes the plant 
resistant to adverse climatic conditions, 
insect pests and fungus diseases, the mechan- 
ism of such action is still not properly under- 
stood. There is no doubt that this element 
wliich forms a high percentage of the mine- 
ral constituents of the plant fulfils certain 
important ecological functions. A fuller 
understanding of the rCle of silicon in plant 
growth and metabolism would be of consi- 
derable importance in agricultural and horti- 
cultural practice. 

The transformations of silicon in the 
swamp soil and their bearing on the nutri- 
tion of the rice plant will be of special 
interest because, of all grain crops, none is 
so rich in silicon as that plant. The straw 
and the husk are exceptionally rich and, 
indeed, as suggested by ISTanji and Shaw 
{loc. cit.) the swamp conditions may offer 
special facilities for the dissolution and 
intake of silica, Ro systematic work has, 
however, so far been carried out on this 
problem. It is well known that healthy 
development of the plant, satisfactory yield 
of paddy and rice of good quality can be 
obtained only when the swamp conditions 
are maintained and steady movement of 
water over the field is ensured : that even 
those varieties which are generally raised by 
dry cultivation give comparatively low 
yields and are of poor quality. The signi- 
ficance of this has so far remained obscure 
and indeed is rather puzzling when consider- 
ing that (a) the actual water requirements 
of the rice plant are not higher than those of 
most other crops, and {b)’ its root system, is 
essentially that of a la^nd crop though with 
some adaptations for aquatic life. The 
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available evidence would suggest that the 
swamp soil conditions increase the a vailability 
of certain nutrients which are not provided in 
sufficient quantities under conditions of dry 
cultivation. Further work is needed, however, 
to show whether the availability of silicon is 
increased under conditions of wet cultivation 
and whether the element thus assimilated 


plays any part, direct or indirect, in the 
nutrition of the rice plant. Eesearches on 
these and allied problems are already in pro- 
gress in the laboratories of the Indian Insti- 
tute of Science and it is hoped that, before 
long, it will be possible to throw some 
light on what has so far remained an enigma 
in agricultural practice. 


Obituary. 

Dewan Bahadur K. Rangachari, M.A., L.T. (1868-1934). 


E death of Dewan Bahadur K. Ranga- 
chari, M.A., L.T., on May 10, has 
removed from the Indian scientific world 
an eminent Botanist, a keen Ethnographer 
and a venerable personality. 

He was born in September 1<S68 of very 
humble parentage. Left fatherless at an 
early age he had to fall on his own re- 
sourcefulness and pursued his studies with 
the help of fees earned by giving private 
tuition to young school children. He 
matriculated in 1885, passed his First Exami- 
nation in Arts in 1888 from the Madras 
Christian College and took his B.A. degree 
in 1890 from the Pachiappa’s College. With 
the help of a Government scholarship he 
studied in the Presidency College and took 
the degree of Master of Arts, taking a first 
class. He then qualified for the degree of 
Licentiate in Teaching and in 1895 started 
his career as Headmaster of the Municipal 
High School, Anantapur, 

In March 1897 he entered Government 
service as Herbarium Keeper at the Govern- 
ment Museum at Madras. He worked at 
the Museum for five years until in July 1902 
the teaching profession called him again 
and he was appointed Senior Assistant 
Professor in Presidency College. In 1901 
he acted as Superintendent of Ethnography 
for a year. His touch with the Museum 
and Ethnography crystallised into the 
seven sumptuous volumes on ^*The Castes 
and Tribes of South India,” which Mr. Edgar 
Thurston and he published in 1909. Mr. 
Thurston became a Companion of the Order 
of the Indian Empire and Mr. Rangachari’s 
work was recognised by the Government of 
India with the title of Rai Bahadur in 1913. 

From October 1909 began his two-fold 
connection with the Agricultural College 
and Research Institute, viz., Instructional 
and Systematic Botany. His appointment 
as Lecturing Botanist gave him ample 
3 


facilities for gathering data and perfecting 
a series of text-books on Indian Botany 
suited to various standards. He was one 
of the pioneers in this attempt at Indianis- 
ing Botany and of vernacularising the same. 
His name is predominant in the world of 
instruction in Indian plant life. He was a 
Fellow of the Madras University and his 
wide experience was sought after by other 
universities and institutions in the organi- 
sation of their studies. 

Mr. Rangachari was a great Systematic 
Botanist. As -Herbarium Keeper at the 
Madras Museum, and later as Systematic 
Botanist in charge of the Coimbatore Her- 
barium he had a good share in the accrual 
of the collections enshrined in that Herba- 
rium, which may now claim to be one of 
the best in India ”. The rapid and repeated 
additions and the continuous consignments 
from it to Kew, resulted in Gamble’s Flora 
of the Madras F residency, a work which 
lias so far run into 9 volumes. This Flora 
is in part a mute testimony to his colossal 
but unobtrusive energy. He helped a 
number of his colleagues, both European 
and Indian, in a characteristically quiet 
manner, often doing a considerable amount 
of selfless work for them. He studied the 
history of weeds of arable lands and wrote 
a useful handbook on the same. In addi- 
tion to systematic work the Herbarium 
served as a clearing house for much botani- 
cal information of scientific and economic 
interest and many were the enquiries on 
which Mr. Rangachari threw helpful light. 

He was President of the Section of 
Botany in the 4th Indian Science Congress 
at Bangalore in 1917 and delivered an 
address on “ The Flora of the Tinnevelly 
Hills”. He was one of the Foundation 
Members of the Indian Botanical Society 
and was its President for the year 1922. 

Mr. Rangachari was a keen photographer 
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and a sound music critic. In the early 
days of the phonograph he was enthusiastic 
in taking successful records of the songs of 
the aboriginal tribes of the ]Srilgiris. 

In June 1918 he was promoted to the 
Indian Agricultural Service, one of the 
earliest to get this recognition. He retired 
from service in September 1923 and was 


decorated Dewan Bahadur. Attuned to 
very active habits he continued to work 
with his accustomed vigour until he broke 
down under the strain into final rest. 
Simple in habits, warm in his emotions and 
encyclopjedic in his equipment, his was a 
a full and abiding greatness. 

G. iST. Bu 


V. Krishna Murti Iyer, G.M.V.Q, LV.S. (1885-1934). 


W E regret to have to record the untimely 
death of M.E.Ey. V. Krishna Murti 
Iyer Avergal, G.M.V.C., I.V.S., on the 18th 
October 1931 at his residence in Parasu- 
wakam. Born in the year 1885 he received 
the early education in the Kumbakonam 
College. He joined the Madras Veterinary 
College in 1906 and graduated from it with 
distinction in 1909. After a brief service 
in the Civil Veterinary Department he was 
appointed lecturer in the Madras Veterinary 
College in 1910. By dint of hard work and 
high ability he rose in service till he was 
promoted to the Indian Veterinary Service 
in 1922. 

He worked in several Indian laboratories 
and did much important work on nasal 
granuloma and lymphangities of cattle. 
That he should have passed away so early 
in life is a serious loss not only to his 


relations and friends, of whom there are 
many, but also to the cause of Veterinary 
Science and Veterinary service. For had 
he lived longer it is possible that some, if 
not all, of the results of his investigational 
experiments would have seen the light of 
day. Being the fruits of long years of 
laborious work and study and vast experi- 
ence they would have been of undoubted 
value. If he had been spared some time 
longer it is also possible that with his vast 
influence with the Government he might 
have successfully championed the cause of 
the subordinate service. 

The Madras Veterinary College has lost 
in his death a most energetic, a well- 
informed and impressive professor who can- 
not be easily replaced. 

S. D. Achar. 


Sir Arthur Schuster (1851-1934). 


W E regret to record the death of Sir 
Arthur Schuster, f.r.s., the eminent 
physicist, on Sunday, October 1-1, at his 
home. Born on 12th September 1851, he 
was appointed Professor of Applied 
Mathematics in 1881 and was subsequently 
appointed Langwerthy Professor of Physics 
at Owen's College, Manchester. He took an 
active part in four eclipse expeditions, the 


first one to Siam when he was only twenty- 
four years of age and the others in Colorado, 
Egypt and West Indies. After his retirement 
from the Professorship in 1907, he took a keen 
interest in the establishment of co-operation 
in Science and assumed an active part in 
the International Association of Academies 
and the International Eesearch Council 
founded after the Great War. 
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Letters to the Editor. 


Ground-absorption of Wireless Waves and 
the Electrical Conductivity of the Earth. 

According to Van der Pol,^ Sommerfeld’s 
value of flat-ground ” attenuation can be 
obtained from the formula : 

, 2-f 0*3p 

where p is Sommerfeld’s numerical dis- 
tance”. If d is tlie actual distance in kilo- 
metres from the transmitter (d > > A), a the 
electrical conductivity of the ground in 
e.m.u. and A the wave-length in km., it 
can be shown that the numerical distance 
is given by 

d 

^ 6(7 A~ 

provided Avave-length is not too short (A > 
200 m.) and the ground conductivity not too 
poor. 

The formula is valid within a few per cent, 
for values of p up to 50. 

By applying this formula to the radio- 
field-strength measurements round the 
various transmitting stations, we have 
obtained the following values of the effec- 
tive conductivity of the earth for some of 
the metropolitan cities in a few directions : 


field strength at any longer distance d. 
This ratio plotted against distance d in 
a given direction gives the attenuation 
curve for that direction. Taking two points 
on this curve a is calculated. It is expected 
that this calculated value of tlie earth-con- 
ductivity over metropolitan areas will be 
smaller than the actual value of the same, 
for attenuation of wireless waves in big 
cities is usually larger than in open 
countries due to energy-losses in largo 
structures, buildings, etc. 

For open countries, the value of land 
conductivity is of the order of e.m.u. 
(see Pol, T. L. Eckersley, Dellinger and 
Corbeiller’). 

It is curious that the open- country values 
of (7 obtained from field-strength data are 
decidedly larger than those obtained by 
direct experiments with soil wliich agree on 
the other hand with the city-values of cr 
given in the table. For Daventry and 
Cambridge specimens of soil, for example, 
Eatcliffe and White’s^’ values of a under nor- 
mal moisture conditions are 4*5 x and 
2-6 X e.m u. respectively (A = 360 m.). 
Our own measurements also by the method 
of EatclilTe and White with specimens of 


Cities 

Directions 

Bange 

<7 in e.m.u. 

Remarks 

Calcutta 

North-East 

8-18 km. 

2-60 X 10-14 

Prom Rakshit ’s field -strength 

(A = 370 m.) 

South 

6 — 10 km. 

6-00 X 

data. 2 

London 

North 

0-20 km. 

1-80 X 10-1'* 

From Barfield and Munro’s data.^ 

(A = 360 m.) 

South 

0—20 km. 

1-80 X 10-1'* 


New York 

A 

3 — 6 km. 

2-00 X lO-i-* 

From Bown and G-illett’s field- 

(A = 492 m.) 

B 

8 - 10 km. 

8-00 X 10-1-* 

strength data.^ 


C (hilly) 

1 - 2 km. 

0-80 X 10-1-1 


Washington 

A 

0-20 km. 

2-80 X 10-14 

Ditto. 

(A = 469 m.) 

B 

0 - 20 km. 

l-Go X lO-i'i 



In computing the above values of a, we 
take the attenuation factor equal to 
E d 

where is the value of the field- 

Eo4- 

Strength at a distance d^ which is so near 
the transmitter that there is no perceptible 
ground absorption and E is the value of 


Dacca soil yielded a value equal to 2-2 x 10’^^ 
e.m.u, for A = 181-5 m. The percentage of 
moisture to dry soil by weight is about 
20 on the average. “ For moderately damp 
land,” Strutt’s^ value of o- is 5 x 
e.m.u. (frequency = 2 x 10^’ cycles^ec.). 
Eecent measurements of Smith-Eose- give 


’ Van del? Pol, Bxp. Wireless W.B., Oct. 1930. 
2 H. Rakshit, Phil. Ma^h, Jan. 1931. 

^ Barfield and Munro, Exp. XVireless &W,E., 
1928-29. 

^ Bown and Grillett, PrQc. LR.E., Aug. 1924, 


^ Pol, Eckersley, Dellinger and Corbeiller, 
Proc. I.R.E., July 1933. 

® Eatcliffe and White, Phil Mag., Oct. 1030. 

7 Strutt, Exp. Wireless & W.E., .Tan. 1931. 

8 Sruith-Eose, Proc. Boy. Soc. ( A), May 1933, 


200 


CURRENT SCIENCE 


[November 1934 


higher values of a which, however, agree 
with the average open-country value obtain- 
ed from field-strength data. For example, 
cr = 1 X 10'^^ e.m.u. when the moisture 
content of the Teddington soil is 20 per cent. 

Emphasis should not, however, be laid on 
these comparisons. There arc uncertainties 
in the soil conditions, vlz.j nature of the 
ingredients, moisture-content, vegetation on 
the surface, etc. Besides, it should be 
remembered that Soinmerfeld’s formula is 
applicable to vertical dipole aerials. The 
application of this formula to the field- 
strength data obtained with a transmitting 
aerial which gives directional effect cannot 
therefore be expected to give a correct 
estimate of a. Again, the length and the 
lay-out of the aerial may at times consider- 
ably affect the attenuation of wireless 
waves from which the effective conductivity 
of the earth is calculated. If the serial be 
an inclined multi-pole serial, a part of tlie 
waves may be concentrated upwards. The 
old transmitting aerial of our wireless labora- 
tory may be mentioned in this connection. 
The lead-in wire from the horizontal part of 
the aerial wire was very much inclined to the 
vertical and the total length from the insu- 
lated end of the aerial to the earth-point 
was about a third of the radiated wave-length. 
The voltage antinode was at the insulated 
end and a node somewhere down on the 
lead-in wire. Electrical oscillations could 
evidently take place between one part of the 
aerial to another in a slanting direction 
causing thereby a concentration of waves 
upwards. As a consequence, we^ obtained 
a high value of attenuation in the city of 
Dacca. 

Attention should therefore be directed to 
the transmitting aerial in order to get a 
correct estimate of a by the application of 
Sommerfeld’s theory of ground absorption to 
radio-field-strength data. 

S. E. Khastgir. 

Wireless Laboratory, 

Dacca University, 

October 18 , 1934. 


The Arc Spectrum of Selenium. 

In a recent paper,* the authors have 
published a set of energy levels newly found 
out in Sel, in the course of an extensive 


3 Chowdhuri and Khastgir, Ind. Jour, Phys.y 8, 
Part V. 

* Proc. Roy. Soc., (A), 1931, 145, 695. 


investigation on the spectrum of Selenium. 
Some of these levels were arbitrarily desig- 
nated by the symbols a, b, etc., li. In the 
light of the (unpublished) results obtained 
by one of the writers (S.G.K.jf on the arc 
spectrum of Tellurium, it is possible, by a 
comparison of these two spectra, to make 
the following dehnite assignment of four of 
the above levels of Sel, thus : 


Level Designation 

Level Value 

Old 

New 

Sel 

Tel 

/ 

5s(‘D) "'D, 

13379 

1-1071 

9 


13357 

13923 

Ji 


13316 

13810 

e 


15183 

15553 


The corresponding levels identified in Tel 
are also included for comparison in the 
above table. It will be seen that both in 
Sel and Tel, the ^D term is partially 
inverted although in SIJ it is normal and 
further the ^D term is deeper than the ^D, 
of this configuration. 

K. E. Eao. 

S. G. Krishnamurty. 

Andhra University, 

Waltair, 

October 28^ 1934. 


An X-Ray Investigation of the Crystals of 
M -Azotoluene. 

The crystals of m-azotoluene have been 
studied by the rotation method and the 
following values have been found for the 
dimensions of the unit cell: — 
a = 11 • 88 A, Z? — 13 • 75 A, c = 7 • 53 A. 
Thus a:b: c = 0-8581: 1 : 0-5469. 

This is in good agreement with the ratio 
determined by the crystallographers (a: b : c 
=0-8556 : 1 : 0-5438.§ The crystals belong 
to the rhombic bipyramidal class. § The 
observed halvings show that (hoi) planes are 


t Curr. Sci., 1933, 2, 210; see also Bartelt, 
Zeits.f.Phys., 1934, 88, 522. 

X Frerichs, Zeits. f. Phys., 1933, 80, 156. 

§ Groth, Vol. 5, p. 66. 

$ Groth, loc, cit. 



November 1934 ] 


CUMENT SCIENCE 


201 


halved when h is odd and (hko) a.re halved 
when 1c is odd, and that the crystals belong 
to the space group The number of 

asymmetric molecules required by the space 
group is eight while that calculated from the 
above dimensions of the unit cell and the 
density of the crystals, which was found to 
be 1*05, is four. This indicates that the 
molecules possess an element of symmetry 
which may be a centre of symmetry, or a 
dyad axis perpendicular to (OOlj or a plane 
parallel to (100). Further work on the 
complete elucidation of the structure is 
being undertaken. 

M. Prasad. 

P. II. Dalal. 

Chemical Laboratories, 

Eoyal Institute of Science, 

Bombay, 

October 1984, 


Vitamin C in Indian Food-Stuffs. 

We have lately been engaged in a systema- 
tic investigation of the ascorbic acid 
contents of various Indian food-stuffs, 
especially fruits, by the technique of Plarris 
and Eay,^ slightly modified by the intro- 
duction of glacial acetic acid to the solution 
of 2 : 6-dichlorophenol-indophenol before 
titration against the trichloroacetic acid 
extracts of the food-stuffs. “ Figures are 
given below in mg. ascorbic acid per 
gramme of the fresh edible material. More 
than 30 food-stuffs have thus been studied, 
and, of these, the guava, the mango (langra 
variety) and the lichi appear to be the 
richest sources, containing 1-04, 0*69 and 
0*48 mg. ascorbic acid respectively. The 
different varieties of the mango, deshi, fozli 
and langra, differ markedly in their ascor- 
bic acid contents, containing 0-22, 0*1 and 
0*34 mg. ascorbic acid (see also Guha and 
Chakravorty"). 

The ascorbic acid content of Icancha-mnng 
{Phaseolus viungo) is increased 7-8 times by 
germination, calculated on the basis of dry 
weight. Parallel estimations by biological 
and chemical methods indicate that trichloro- 
acetic acid does not completely extract 


II Cf. Astbury and Yardley, Phil, Trans,, 1924, 

224, 221. 

^ Harris and Eay, Biochem. J., 19‘d3, 27, 303. 

2 Guha and Ghosh, Curr. Sci,, 1934, 2, 390. 

3 Guha and Chakra vorty, Ind, J, Med, Res,, 
1933, 20, 1045. 


the Vitamin 0 of germinated mung (see also 
Johnson^). 

The mango (deshi variety, obtained from 
a particular tree) has been found to contain 
0*1, 0-05 and 0*2 mg. ascorbic acid at the 
bud, green and ripe stages respectively. 
The values for the guava obtained from one 
tree at the bud and green stages of develop- 
ment are 0*41 and 0-28 respectively. It 
would seem, therefore, that the process of 
development of these fruits, unlike that of 
germination of the seed, involves a progres- 
sive reduction in the ascorbic acid content. 

B. C. Guha. 

A. E. Ghosh. 

Biochemical Laboratory, 

Bengal Chemical & 

Pharmaceutical Works, Ltd., 

Calcutta, 

November 3, 1934, 


A Note on the Changes in the Physical 
and Chemical Characteristics of the Blood Sera 
of Opium Addicts. 

Initiation into the opium habit is generally 
found to take place witJi a view to relieve 
some mental or physical pains and also 
certain other ailments sucli as diarrhoea, etc. 
In such cases of physical troubles people 
really find some relief, specially in the 
beginning, but this gradually develops into 
a habit which it is difficult to get rid of. 
The symptoms attending the withdrawal of 
the habit are extremely painful since it 
sometimes ends in complete breakdown or 
even collapse on the part of the addict. 
Pierce and Plant's observations^ on the 
dilution of blood on addiction as well as 
Barbour, Hunter and Eichey’s corroborating 
observations'" from a study of the specific 
gravity of the whole blood serve as clues to 
some real changes in the blood of the 
addicts. Henderson and Haggard’s’’ obser- 
vation on the increase of carbon dioxide 
tension is also very interesting from this 
point of view. The disturbance in the 
water-balance of the system consequent 
upon the withdrawal of the habit has been 
regarded by Eowntree as a condition some- 
what allied to water poisoning. From these 


^ Johnson, Biochem. J,, 1933, 27, 1942. 

^ J. Pharmacol, and Exp. Therap., 1928, 33, 
359. 

2 Ibid., 1929,36, 251. 

3 J. Biol. Chem., 1916, 33, 333, 
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considerations tlie present work was under- 
taken with a view to find out any changes 
in physico-chemical properties or in the 
protein fraction of the blood sera of the 
opium addicts as commonly found in India, 
since physico-chemical ' properties and 
proteins are known to be responsible for 
many apparent changes of the blood. 

From a study of 25 opium addicts the 
following observations were made. The pH 
in all the cases is found to be near the lower 
limit of the normal Indian subjects while 
the buffer action seems to be considerably 
lowered. These facts are most probably the 
necessary outcome of the increased carbon 
dioxide tension and diminished alkaline 
reserve as observed by various workers 
(Henderson and Haggard,'^ Cobet, and Bar- 
bour, Hunter and Eichey'’)- The diminished 
viscosity and an increased surface tension of 
the blood sera x^oint to an increase in the 
fluid content while the slight increase in 
viscosity of the whole blood which corrobo- 
rates similar observations of Sollier'^ may be 
due to a change in the fluid content of the 
red cells. As to the protein changes in the 
blood sera, the albumin fraction which has 
been found to increase above its normal 
value is probably responsible for the 
disturbance in the water balance wliich was 
up till now supposed to be due to a variety 
of causes, like disturbances in fat metabolism, 
etc. Another important observation is the 
increase in the euglobulin content of the 
sera which probably accounts for the 
nervous symptoms owing to a drainage of 
lecithin from the nerve cells to form an 
increased amount of euglobulin as observed 
in these cases. The pseudoglobulin and the 
total proteins have been found to decrease 
below their normal values, the former to a 
greater extent than the latter. Tlujsc 
protein changes appear to be of considerable 
interest from the point of view of the 
reshuffling of the lecithin distribution. The 
•field work done in this direction corroborates 
these observations inasmuch as diets rich in 
phosphates are found to annul the physical 
and mental degenerations to a very great 
extent. 

Further work along this direction is in 
progress specially with respect to the fat 
metabolism in the system of the addicts, 


Loc. cit. 

5 Biochem. 1923, 2, 137, 67. 
® Loc. cit, 

7 J. d. med. d., Paris, 30, 875. 


since fat is known to have important effect 
upon the water retention in the system and 
being itself the glyceryl ester of fatty acids is 
closely related to the glycerophosphates on 
wliose metabolism it exerts an influence. 
These findings may possibly have some 
important bearing upon the pathology and 
treatment of opium habitues. 

E. isr. Chopra. 

S. N. Mukherji. 
Department of Pharmacology, 

School of Tropical Medicine, 

Calcutta. 

October 19^ 1934, 


Apple Rot caused by F'usarium moniliforme 
Sheldon. 

The writer collected a number of Fusaria 
growing saprophytically. Amongst these 
F. viride (Lechm.) Wr. re-named as F, solani 
var. medium Wr. proved to be a new wound 
parasite of potato tubers.^ Bacteria-free, 
single-spore cultures of another species, 

F. Tnoniliforme Sheldon, kindly identified 
by Dr. Wollenweber, were inoculated into 
both the •‘hill” and the “Kashmir” 
varieties of apples. The “Kashmir” apple 
differs from the other in being elongated in 
the vertical or blossom axis, sweeter, less 
acidic and brighter in colour. Inoculations 
were made by the method devised by 
Granger and Horne- and used by Mitter and 
Tandon,'^ with a minor change in the substi- 
tution of a straight 
needle in place of the 
usual liooked one. The 
inoculated apples as well 
as the controls were left 
' undisturbed for 35 days 
at room temperature 
i (19-5°--'22-8"C.). Both 
X. varieties of apples 

were infected (Fig. 1) 
and the average damage done was 23-01%. 
F. moniliforme was re- isolated in a pure 
form from the diseased parts of each apple 
while the controls remained healthy. As far 
as tlie author is able to ascertain there has 
been no previous record of F. moniliforme 
Sheldon as showing any parasitic activity on 
apples. F. camptoceras, F. semiiectum, F, 
semitectum var. rnajus and F, diversispor^im 


^ Mitra, Anil, Nature, 1034-, 133, 67. 

2 Granger and Horne, Ann, Bot,, 1924, 38, 212. 
^ Mitter ajicl .Tandon, Jour. hid. Bot. Soc.^ 
1929, 8, 212. 
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failed to infect the apples. It is therefore 
seen that at least some of the Fusaria grow- 
ing saprophytically in nature are not obli- 
gate saprophytes and if they cannot infect 
healthy fruits and tubers they may still 
cause a rot by getting into their tissues 
through accidental wounds. 

Anil Mitra. 

Department of Botany 
University of Allahabad, 

November i, 


Dichotomous Branching in the Leaves of 

Fleopeltis simplex Sw. 

The normal frond in Pleopeltis simplex Sw. 
is simple, lanceolate, entire. In some 
specimens of the species collected by Prof. 
Kashyap in the Jumna Valley'’' in Tehri 
Garhwal in July, 1932 , fully developed 
fertile leaves bifurcating once or twice 
have been found along with the usual simple 
ones on the same plant. Such fronds are of 
special interest in throwing some light on 
the systematic position of the genus. The 
dichotomous branching is found developed 
in various stages in these fronds. In some 
the tip is merely notched, in others there are 
two small acute lobes, but in several cases 
there are two well-developed large fertile 
lobes both of which may again be forked. 

The genus Pleopeltis formed a part of the 
comprehensive genus Poly podium according 
to the early writers, Hooker,^ Christ- and 
Diels. After the separation of Dipteris by 
Seward and Dale*- as the sole surviving 
representative of the family Dipteridaceie 
which family flourished in the Mesozoic, 
Bower' pointed out tliat many Polypodioid 
ferns will have to be regarded as derivatives 
of the Dipteridaccic. Phlehodium aurcnm 
was referred to as a probable case. Later 
on investigations on some species of Pico- 
peltis by Goebel,'’" disclosed that the genus 
seemed to show some relationships witli the 


^ The plants were found growing on the road- ^ 
side near the wooden bridge on the Jumna about 
12 miles below Jumnotri and aVjout 2 miles below 
the village liana. 

1 Hooker, Sir W. J., Syno 2 )sls Filicum, 1874. 

“ Christ, H., Die Fanikrauter Der Erde., 1897. 

3 Diels, In E nrjler ds Prantl, 1902. 

4 Seward, A. C. & Dale, E., “On the Structure 
and Affinities of Dipteris, with Notes on the Geo- 
logical History of the Dipteridin£e,” Phil, Trans,, 
1901, 194 , 487. 

^ Bower, F. O., Studies Ann, Bot, 1917. 


Dipteridacese. Tlie general habit, the area 
of distribution of this genus which is richly 
represented in the Malayan region to which 
Dipleris is restricted, the reticulate venation 
in the lamina forming irregular areoles with 
free included veinlets, the naked circular or 
oval sori occurring within the meslies were 
pointed out as features probably indicating 
relationship in this direction. The ^ diplo- 
desmic state’ of venation which is a cha- 
racteristic feature of the advanced members 
(Dipteroids) of a series begun in Dipteri- 
daccai is also known in one species of Pleo- 
peltis, P. Shraderi.'^ 

A characteristic feature of Dipteris is the 
basic dichotomous venation of the frond. 
The principal veins divide dichotomously 
and the secondary ones emerging from tlieni 
at a wide angle branch and anastomose 
forming irregular areoles with free included 
veinlets. In Dipteris lohhiana the fronds 
are repeatedly dichotomously divided end- 
ing in long linear lobes with a central mid- 
rib and a row of naked circular sori on 
either side. This represents the simplest 
state of affairs in the genus. In other 
species like D. eonjugala greater complexity 
is introduced in the webbing of the lamina 
and the simultaneous multiplicity of the 
sori Avhich, however, retain their individual- 
ity, but the same dichotomous plan is 
manifest in the venation. In the Mesozoic 
fossils referred to the Diptoridacei^e the form 
of tlie lamina again is characteristically on 
the same lines. In Kausmannia dichotoma'''^ 
discovered by Dr. Marcus Gunn in tlie upper 
Jurassic rocks on the north-east coast of 
Scotland and also reported in the beds of 
approximately tlie same age at Q,uedlinberg 
the leaf is very similar to tliat of Dipteris 
lohhiana. It is, therefore, evident tliat tlie 
form of the lamina based on the dichoto- 
mous divisions of the primary veins is a 
very consistent feature of tlie Dipteridaceao 
both living and fossil. Tliis fact becomes 
still more signiiicant when we find that in 
some of the modern derivatives of the 
Dipteridaccai which show on tlie whole a 
distinct advance we find the repetition of 
this ancestral character. The erect leaves 
of Platycerium exhibit this in a remarkable 
degree. In Gheiropleuria, besides the bifur- 
cating leaves simple ones are also commonly 
found. 


. “ Goebol, q[uoted by Bower, F. 0., Filicales,' 
1928,3, 224. 

7 Do. Ibid., 226. 

s Seward, Fossil Pla^iis, 2, 390-392. 
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each side of the midrib as ia the above-men- 
tioned species. The primary veins divide 
dichotomously giving oh secondary ones at 
a wide angle which branch and anastomose 
forming irregular areoles with blindly ending 
veinlets as in Dipteridacese both living and 
fossil: The occurrence of dichotomous fronds 
in the present case which probably repre- 
sents a reversion to the ancestral character 
is a further support in favour of the genus 
being placed in the Dipteroids as one of the 
modern representative of DipteridacccU that 
have advanced to tlie level of the Mixta3. 

S. E. Kashyap. 

P. IST. Mehra. 


Pollen Sterility in Zeuxine sulcata (Lindley). 

In Zeuxine sulcata^ some of the microspore 
mother cells go through the first meiotic 


threads (Fig. 1) and later on the cytoplasm 
withdraws from the nuclear membrane 
(Fig. 2). 

In the cells that show normal division, 22 
bivalent chromosomes can be counted on the 
heterotypic metaphase plate (Fig. 3). Dur- 
ing the very early anaphase when the 
chromosomes are being just pulled apart, 
occasionally the univalent chromosomes lie 
well spread out on the spindle area, so that 
in favourable preparations 4-1 univalents can 
be clearly seen (Fig. 4), each univalent 
cliromosome being almost half in size of a 
bivalent. So the 22 bivalents seen on the 
lieterotypic metaphase plate can be safely 
taken as the haploid number for the plant. 
Moreover, the same number of bivalents have 
been counted during the heterotypic division 
of the megaspore mother cell also. 

The second meiotic division seems to be 




/• • •• 



Figs. 1 to 9. 



division normally, while others, in the same 
pollinium, show^signs of degeneration even 
from an early stage. In such cells the nuclei 
show a dense reticulum of thin chromatin 


suppressed; hence ‘^dials'’ of microspores 
are formed. The nucleus of the niicrospore 
on dividing (Fig. 5) gives rise to a vegetative 
nucleus and a generative nucleus (Fig. 6) 
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but these spores are not functional since 
ther decay gradually (Fig. 7). _ 

III some poliinia abnormal spindles {b o) 
are formed in the mother cells during the 
heterotTpic division. This results in the 
formation of non-functional supernume- 
rarv nuclei (Fig. 9). Finally the whole tissue 
of the poliinium is attacked by a fungus and 
intracellular digestion occurs. 

Tlie nieiotic irregularities in the microspore 
mother cells and the final pollen sterility is 
in correlation with the apomictic develop- 
ment of embryos reported before* in the 
same plant. 

TT ftrSHAGIRIAH. 


Department of Botany, 
Central College, 
Bangalore. 
Ocioher 2.2, 1934. 


was found in each loculus and tim. rest; of 
the ovules were very much shrivelhui up. 
The seeds were downy and had very s;i)ars(^ 
short lint hairs. 

Four seeds were collected from this plant. 
One was found to be faulty, but the otlKu* 
three germinated very well. I liav(% 
however, not been able to roar ])hints and 
all the seedlings died one after tlie oldicu’. 
But so far as I could study dea-tli was not 
caused by the operation of gcuud ic h-ddnil 
factors; but was only a mattei* of a.e.(d<hnit. 

In all probability the abov(^ phuit was 
a mutant and I am putting it on record 
for the information of; other resca-rch 
workers. 

Mohammad Afzal. 

Cotton Eesearcli Laboratory, 

Lyallpiir, 

October 20, 1031. 


A Peculiar Cotton Plant. 

The number of seeds iu the loculi of cotton 
is a character of some taxonomic importance. 
Although Watt' (1907) is not prepared to 
attach much importance to this character, 
Lewton- (quoted by Harland, 1932) considers 
this as a character of basic importance and 
has transferred G, drynarioides, Seem, to 
a new genus Kokia— because these plants 
have axillary flowers and the loculi are one- 
seeded. In view of the importance of the 
number of seeds per loculus, the following 
description of a plant which was met with 
in a field of Mollisoni cotton {G. Indicum, 
var. Mollisoni, Garamie) near Chak Jhumera 
in the Lyallpur district of the Punjab would 
be very interesting. 

Stem, weak, about 3| feet high, but due 
to weakness was bending down. Branches 
long and trailing giving the plant a bushy 
appearance. Leaves deeply incised, and 
very much reduced in size. Buds were very 
profuse, corolla colour yellow and a high 
shedding of boils. The few bolls which 
were present were very small in size and 
invariably 3-locked. Each lock had six 
or seven ovules, but only one mature seed 
resting on the base of the lock. When the 
bolls were matured, only one sound seed 


* Curr. Sci., 1932, 1 , 102 , also Errata Index t( 
A oL 1, page xiii. 

George, The Wild and Cultivate’ 
Cotton Plants of the World , 1907, Longmans 
Green & Co., London. 

= Lawton, P. L., Quoted by Harland, Bihlio 

graphis Genetica, 1932, 9. 


On the Trematode Infections in Certain 
Indian Fishes. 

Long ago, in 1910, Captiiiu Park(M* obtaimMl 
some immature stag(^s of a duke from 
^^Mahaseer”, Barhtis tor (Ilhim. Lmdi.) wliieli 
was first named Isoparorclils Irishni! llithls 
and then later on proved to ho a synonym of 
I. hypselobagri (liilld;, 1(S9S) by EjsinonI'. 
In 1913 Southwell' obtained some six^.eiimms 
of this fluke from l-he gaiS-bljiddcu’ of a 
common siluroid fish, Wallago allu (I>L 
Schn.), In the same yeau* he. a.Iso dise.ov'onMl 
some other Tromatod(‘.s, HU(*.h a.s Anaj)- 
porrhuUim albidum, A. lanjnon IjiiIhc A. 
richiardii Lopez from souh^ I^fla.smobriiiHdi 
fishes, mz., Ghlloscyllhion Indicwoi ((Liud.), 
Stegostoma tigrinuni ((Jmel.) and Avloballs 
narinari (Buphrasen) resj)ec.tiv(dy. Piirlihcu’- 
more, Southwell and PraslnuF des(*.rihtul 
some five specimens of ilukes (wln(‘,h tlu^y 
simply referred to as Trematode sp.) obta.imal 
from certain food-lishes, Ophiorcphalfis 

maruUus (Ham. Buell.), (). slriahis (Ifioeh.), 
Trichogaster fasaialuH (Bl. Schn.) a.nd Bar- 
cobrancJnis f OSS ills (Bloch.). In 1021 Blialera.o 
and Woodland .rediscovered some spc'clinmis 
of I. hypselobagri (Billot, l<Si)8) from Wallago 
from the same region as Southwell diii. 
Chandler^ in 1926, liowover, rec()V(‘.red some 
large flukes belonging to the last-named 
species from the stools of a human patient 


1 Southwell, Rcc. Ind. Mus., 1913, No. 9. 

2 Southwell and Prashad, Ibid., 3018, No. 15. 
2 Chandler, Ind. Jour. Med. Res., 1920, 14 . 
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ia Calcutta, which were ideutihed as such 
by Bhalerao.'^ This latter author also ob- 
tained some specimens of this fluke from 
Ophioeephalus striatus at Nagpur (O.P«) in 
1928, and Faust'’’ also recorded the presence 
of this parasite in man in China in 1929. 

In 1927, Verma"^ discovered some speci- 
mens of Opisthorehis peclicellaia^ sp. nov. 
from the gall-bladder of two siluroid fishes, 
lUta rita ( —Rita hucJiaTiani^ Bleeker) and 
Bagarius yarrellii (Ham. Buch.), Tliapar'^ 
wrote an account of a Trematode which he 
named Goniiia piscicola obtained from a 
siluroid fish (name not given). In 1933 several 
new and interesting species of Trematode 
parasites of fishes were described independent- 
ly by Srivastava,^"^ Chatterji^ and Harshey.^^ 
The first of these authors dealt with Opiiio- 
corchis lobatum, n.gen., n.sp. andO. singidaris^ 
n.sp. obtained respectively from the stomach 
and the intestinal cseca of 0 pliiooeplialus 
striatus, and also Progonus piscicola, n.sp. and 
P. ovocaudatum, n. sp. found respectively 
within the stomach and the intestine of 
Ophioeephalus punctatus (Bloch.), whereas 
the second author chiefly confined himself 
with the account of Astriotrema spinosa, n.sp., 
Ganada claricc, n. gen,, n. sp., and Masenla 
collaia, n. gen., n. sp. obtained from the 
post-stomach and the intestinal regions of 
Glarias batrachus (Linn.). Harshey de- 
scribed some distomes belonging to a new 
species, Opegaster anguillii, n. sp. obtained 
from the intestine of the common fresh- 
water Indian eel, Anguilla bengalensis (Gray 
and Hardw.). 

Lately during the course of our general 
work on fishes here in Hyderabad we also 
wrote a note“ on certain helminth parasites 
obtained from some fishes, and amongst 
these we recorded the occurrence of 
Isoparorchis hy pselobagrl (Billet, 1898) in 
a number of food-fishes, e.g., in four 
species of Ophioeephalus, Gobius giuris (Ham. 
Buch.), Mastacembelus armatus (Lacep.) and 


^ Bhalerao, Tnd. Jour, Vet. Sci. <Sc Ani. Husband., 
1932,2, Part 4. 

^ Faust, Human Helminthology, Philadelphia, 
1929, 22. 

0 Vorma, Rec. Ind. Mus., 1927, 2, 29. 

7 Thapar, Ann. Par asltoL, 1930, 7. 

8 Srivastava, Bull. Acad. Sci. U.P. 1938,'3, No. 1. 

9 Chatterji, Bull. Acad. Sci. U. P., 1933, 3, No. 1. 

10 Harshey, Bull. Acad. Sci. P. P.,1933,3, No. 2. 

11 Das and Rahi mullah, Curr, Sci., 1933, 1 , 
No. 9. 


Wallago attu ; and as a result of our further 
investigations we now wish to add another 
fish to the list, viz., the ^^Feather-back’’, 
Notopterus notopterus (Pall.) which has fallen 
a victim to this last-named parasite as well. 
In all five flukes (Z. hypselobagri, Billet, 1898) 
have been obtained from this fish— two from 
the substance of the liver and three from 
the mesentery, and on being flattened they 
measured from 9-5 mm. (1) x 3-9 mm. (b) 
to 18 mm. (1) X 7 mm. (b), where 1 — length 
and (b) —breadth. 

It must be pointed out that in certain 
cases the infection is quite or fairly common 
as with Ganada claries and Masenla coital a, 
or less common or even rare in certain other 
cases, as for example, with Ophiocorchis and 
Progonus, or it is quite possible that 50 per 
cent, of a certain group of fishes may be 
infected with the parasites, as, for instance, 
by Opisthorehis pedicellata. Since these 
Trematode parasites have such a wide range 
of distribution amongst their piscine hosts 
(most of them being food-fishes, so far as 
they have been investigated for the present 
and at the same time being seemingly trans- 
ferable from one group to the other owing to 
their predaceous habits) and have also been 
detected in the human stools, it seems 
hardly necessary to emphasise that great 
care should be taken while selecting an 
edible fish so as to avoid all probable and 
possible infections {cf, Bhalerao). 

In conclusion we take this opportunity of 
expressing our great indebtedness to the 
Director as well as to Mr. G. D. Bhalerao, 
M.Sc., of the Imperial Institute of Veterinary 
Kesearch, Muktesar (H.P.), for the courtesy 
of identifying the helminth parasites and for 
supplying us some most valuable informa- 
tion on certian helminthological subjects 
which do not constitute our main line of 
work, but all this is a mere side-track in 
our investigations, and we venture to publish 
this note embodying an outline review of the 
Trematode parasites of certain Indian fishes 
with the hope of getting some further useful 
suggestions from others who are actually 
engaged in this particular direction. 

M. Eahimullah. 

B. K. Das. 

Department of Zoology, 

Osmania University, 

Hyderabad (Deccan). 

October 1934. 
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Dispersal of Gall Mites by Gall Midges. 
WniLE inrestigating the roles of the mite 
'Erinphues cheriani Mass. and the new 
meciCs of gall midge Micromom pmgamiw 
Mani- in the peculiar polyp-like galls on the 
leaflets of Pongamia glabra Vent., it was 
,li.scoverea that the midges P|a-yed a very 
important part in the dispersal of the mites. 
Ordinarily these mites are carried by wind 
and are wafted over long distances from 
plant to plant in strong gusts. But more 
often they are also carried by the adult gall 

midges in their flights. 

The midges and the mites develop in the 
same gall, for which both of them appear 
to be responsible. The midges pass their 
larval and pupal periods in the galls. On 
emerging from the pupse, the adult midges 
remain for a short time in the gall itself. 
At this time the gall cavity is over-crowded 
by mature mites. Some of the mites escape 
from the gall cavity but several of them 
also crawl over the legs, wings and abdomen 
of the midges and being of minute size, 
firmly cling to the midges, which do not 
appear to be greatly inconvenienced on 
this account. When these midges ultimately 
escape from the galls and fly away, the 
mites are also carried along with them and 
finally when the midges alight on some 
plant of Pongamia to oviposit, some of the 
mites drop down to the leaf. They then 
start life on these new plants, i have 
caught in and around Calcutta several 
midges on flight, which on examination 
were found to have these mites on the wings 
and abdomen and observations have shown 
that the midges have come from a distance. 
Galls have thus appeared on some plants in 
the Indian Museum compound, the mites 
and the midges having come from some 
infected plants on the maidan opposite. 

This close association of the midges and 
the mites appears to be of mutual help to 
both of them. The mites have a sure 
chance of being safely transferred to new 
plants of Pongamia glabra Vent, (which is 
their food plant) by the midges. This is 
clearly an advantage over being blown by 
the wind and arriving at the food plant by 
chance. First the mites attack the plant 
and produce an invagination of the 


Sisf., 19; 

.-tt this new snecies in r 


leaf siirfa.ce a.(, the pla.ce \v]i(‘rt‘ t he of 

the midges were di^.positcMl a.iid IJius provide 
shelter to l.h(‘. developing la.rvje of the 
midges, wliich ulso hdan* contribuh^ to the 
further deva^.lopinent of th(‘. ga,ll. It is ihm 
reina.r3ca.l)l(‘. tlia.t diH‘ lo (d()S(‘ assoc, iation, 
same food a/iid siniihir Imbits, th{‘ mit<‘s and 
the midges, have become mutually helpful, 
the latter ludping in tdie dispiu’sa.l of the 
former and in turn Ixu'ng providcal wilh a 
shelter when young. 

M'. S. M"ANr. 

E n to molog ical Luibo rai.o ry , 

Zoological t^urvcy of India.., 

.Indian Museum, 

Calcutl'.a., 

October rV, 


Agricultural Education in India. 

I .HAVic been reading scvei’a,! art.icles a.bout 
the necessity for esta.blishiiig Agri<vnU,ural 
Middle Scdiools for tra.ining young farnua’s. 
These schools W(‘.r(‘. start.(‘.d but ha.d to be 
closed for want of l)oys. .In a. (tountry 
where education is mca,nt to ])r()curc a, job, 
it is not worth atitcunpting t.o hav(‘ .sja^eial 
courses without suHicmuit numlxu’ of a.ppoint- 
ments for the ('a.ndidal.(‘s tlia.t pass out. 
The schools would have g(.>(. enough studeiiis 
if those that passed out could lind wa.ys a.ud 
meaiLS of getting employed. Tlius (.he same 
old story of the University man referrial to 
in the said art.ic.le (‘onuas a-bout h(u*ei a.ls(). 
Tlierefore tlie reform should, I fear, (*.om- 
menco in the very system of educa.tion 
which should never allow t.o unma.kiH agri- 
culturists. (live the systcmi of (‘.hummt.ary 
education tlui recpiired rural bia.s which 
many people speak of and lU'ver giv(^- 
employment to such a.s ])ass out of tlie 
elementary scliools, so tha.t tlKw may friM^.ly 
go to the village and settle's thems(‘lv('.s down. 
The system of (',ducation in vogues in tlie 
Higlier Elementary Sediools is nH‘.a.nt t.o bi^ 
complete in itself and lit tln^ boy passing out 
of it for rural life. Therefore, on ])rincipl('. it 
may bo wrong to employ liim even a.s a 
teaclicr. Therefore all teachers must at least; 
be school finals even in all Elementary 
Schools of whicli tlie Headmasters can be 
graduates in Agriculture. Tliey can easily 
give the agricultural colour to the elementary 
education better than any one else. A 
garden system of education can be started. 
If the Champion scheme of concentration is 
adopted, the Headmaster of one Higher 
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Elementary School can serve several schools 
in the group. Vernacular tuition in agri- 
culture will not bring them in close contact 
with the scientific aspect o£ the subject. 
They have got, as it is, many items of 
elementary science subjects to study. All 
these can be so shaped that they have a 
rural utility and agricultural bias. An Agri- 
cultural graduate will be the fittest person to 
work it successfully. This reform will mean 
much superior kind of education to the rural 


folk than what they are now getting from 
the elementary teachers. It must practically 
reach all the villages in a short time and 
transform the system of farming in a tangi- 
ble way within a reasonable period. An 
Agricultural School started for each district 
or even taluk cannot but take many years to 
train a number of people large enough to 
make the villages in a taluk feel their 
presence. 

One Practical Pellow.” 


Stray Animals. 


'^sJEITHEP the Provincial Governments 
nor the Municipalities in India have 
thought it worth while to take the census of 
animals kept as pets and others which are 
not owned. A few years ago the enumera- 
tion of such animals in Europe revealed that 
Germany possessed the least number, and 
the report did not refer to Scotland. When 
an enterprising district officer devised an 
ingenious method of finding out recently 
the tiger population within his jurisdiction, 
hopes may be entertained that this shining 
example will not be lost on the authorities 
who have to deal with comparatively harm- 
less animals. 

The presence of an increasing population 
of animals prowling about human habitations 
and becoming intimately mixed up with 
the daily life of the people, raises a problem 
of great importance for the municipal 
authorities to solve. The Municipal Cor- 
poration in Bombay which had been carrying 
on the dog-catching operations recently, 
is confronted with the problem of keeping 
the stray dogs well under control. A trained 
staff, backed by financial resources, finds it 
difficult to destroy all the dogs, which 
somehow dodge their aggressors and try to 
perpetuate themselves as an integral part of 
the social economy of this prosperous town. 
The chief complaint against these animals is 
that during hot weather they become a 
source of danger, but the possibilities of pet 
dogs developing rabies are equally great. 


Should the municipalities periodically 
destroy dogs which run about the streets of 
our towns In a way their number and the 
condition of their health give us an idea of 
the quantity of food thrown out as waste. 
Do the dogs render any service to the 
people ? They aid the municipalities in 
their conservancy department. They main- 
tain a strict watch at night. The appear- 
ance of people at night, wliose faces they 
are not acquainted with, rouse them fre- 
quently and they give a timely warning 
to the sleeping inhabitants. In times of 
scarcity, they continue to eke out a living 
by catching mice and bigger rodents and 
this is really a great service to man whose 
stores are raided by these small creatures, 
besides spreading pestilential diseases. 
Suppose the dogs in any locality are destroyed 
and precautions are taken against immi- 
gration from the adjoining districts, is there 
any reasonable assurance that the public 
health of the particular town would impi’ove 
We may diminish the number of dog bites ; 
but in disturbing the balance of the 
secondary population of our towns, we may 
perhaps introduce unforeseen troubles. 
The municipalities have to conduct enquiries 
into the deeper issues of the complex 
economies of the towns under their control, 
before undertaking to eradicate an evil 
which perhaps may prove after all a blessing 
in disguise. 
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tetemichungen zur Arithmetische theorie 
der Korper. 

Band 39, H) lias 


l■outribured a 

found work on 
of wliicli 
ihi> journal 


n.-powsKi Cla’.h. Zeit, 

' ‘ very interesting and pro- 

tliis part of Modern algebra 
the first part has appeared in 
and the other two parts are 
oT be published in the succeeding numbers. 
Tho work is veiT extensive and is devoted 
„n the o-eneral conception of a prime 
.livimriir abstract fields and their exten- 
The dehiiition whicli lie gives or 
ririiiie divisor P in a field K is that corres- 
T>oiidin2: TO every element a, of the field 
K there exists a number oj{a) with the 
following properties. (ab) -- a)(a) + a)(6) 
‘i-d w ^ Minimum [oj(a), £o(6)]. Then 
' * ^av that a prime factor P corresponds to 
^"Viicdi function a)(a). This was the 
dt'iinitioii given by Ostrowski in 1918. 
On account of the generality of this defini- 
tion. it was doubted whether this will lead 
to any constructive results at all, but sub- 
si^aientiy Ostrowski proved that in the 
rat ionaf field co(a) is actually the highest 
power of P which divides a except for a 
multiplicative constant. Introducing am 


we 

each 




he connects this 


of an assessing 


other function ' = e 
with Kurschak's idea 
(Bewertung! of the field. The fundamental 
problem oT the theory of ideals becomes 
the same as that of exknding the function 
ojia] to any given extension of the original 
field K. algebraical or otherwise. Now 
Kursidiak has given a general procedure for 
obtaining an assessing of any given alge- 
braical extension of a field, starting from 
a given assessing of the original field. 
Ostrowski has proved that this is the only 
method. In this way Kurschak’s problem 
becomes the same as that of finding the 
prime factors of a prime divisor in an 
algebraically extended field. So that in 
this work there is also a simplified proof of 
Kurscliak’s theorem for these special exten- 
sions. Some difficulties which arise are 
solved by introducing various notions such 
as “A relative (with respect to P) perfect 
field”' and so on. The conception of this 
field also helps us to find out what particu- 
lar rOle the perfect field of Kurschak plays 
in the foundation of Ideal Theory. The 
first part ends with the discussion of the 
structure of a relative perfect field and 
their connection ^vitk various ''Reduction 


fields’’ (Zerlegungs-Tvorpern). It is also 
sliown that a relativ(dy perfect field is 
easier to handle tlian a perfect Held, for 
every algebraic extension, of a relative 
perfect fie.ld is oiico again relatively porfoct 
and that the coininoii elements of two 
relative perfect fields are once again rela- 
tively porfoct. The second part of the 
work is devoted to various divisibility 
questions such as the orders of prime ideals, 
etc. Tlie third part gives, among otlier 
things, a justification for introducing this 
general idea of a prime-divisor. Various 
problems of rcducibility of polynomials in 
perfect and relatively perfect fields are 
also proved in the first part. 

K. V. I. 


Remarques sur una probleme de la theorie 
des nombres. 

(S. Arkiv for MiflcuictUk, Astronomy 

orh Fj/sih, .Baud 21, /.) 

RAMANXJ.TAiNr was tlie first to show tliat 
the orders of the mean values of v (n) which 
denotes the number of different prime 
factors of n and d{n) wliicli, denotes the 
total number of prime factors of are each 
equal to log log n. H. S. Ifillay (The Jubilee 
Volume of the Indian Matheahalical Society) 
dcteriniricd further terms in the orders and 
obtained the best possible orders with and 
without the IMcunannian (*.onj(',cturo. Now 
Wigert determines the orders of the mean 

values of and 2^^'^^ st.arting with tlie 

well-known formula 


He obtains the formula 





dx 


^A(i) 

12 log ; 


X log" 


+ Ax log X + 0(;r) 

where i/;(l) and A are certain (constants. 


Optical Kvidence for Molecular Clustering 
in Fluids. 

The recent issue of tlie Proceedings of the 
Indian Academy of Seioiccs (Vol. i, No. 4) 
contains a paper by R. S. Krishnan who 
has given there positive results for molecular 
clustering in binary liquid mixtures based 
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on a study of tfie depolarisation of the 
transversely scattered light. If the incident 
light is polarised with the electric vector 
horizontal, the depolarisation Ph should be 
greater than unity for a medium consisting 
of ellipsoidal particles of finite size and 
should be infinity for a medium consisting 
of spherical particles of finite size. E. S. 
Krishnan has recorded various values of 
Ph at different temperatures for a mixture 
of dust-free carbon disulphide and methyl 
alcohol, ph is as much as 4-9 at the 
critical solution temperature and it 
diminishes as the temperature is increased 
but will be greater than unity till about 15'" 
above the critical solution temperature. 
These results seem to give positive evidence 
for the formation of large molecular 
aggregates of size comparable with the wave- 
length of light even far remote from the 
critical solution temperature. Mr. E. S. 
Krishnan has no doubt opened up a new field 
of research and future experiments in this 
field may give us an idea of the size of 
molecular clusters in fluids. 

’ K. S. K. 


Nuclear Moment of Caesium. 

In Zeitsehrift fur Physik of October 1934 
(Vol. 91 , pp. 272-283) Hans Barth has made 
a detailed study of the intensity ratio of 
the hyperfine structure components of the 
caesium line A~4555 a and has thereby 
computed the nuclear moment of the 
caesium atom. The source used is a dis- 
charge tube containing freshly distilled 
caesium in a helium atmosphere at a 
pressure of 2 mms. excited externally by a 
high frequency discharge (10'*-^). The 
analysis of the line has been carried out by 
the use of a Hilger echelon of 33 plates and 
the intensity rati'o of the two components 
of the line 4555 A is shown to be 1-41 ±0-05 
by measurements from photographic- photo- 
metry. Applying the Fermi formula for 
this intensity ratio, V, that 



where i is the nuclear moment, Hans Barth 
obtains 5/2 giving for the ratio of the 

magnetic moments a value equal to 

1170. 

The values obtained in the above paper are 
in substantial agreement with the results 
published earlier by Venkatesachar and 
Sibaiya {Gurr, Sci^^ 1933, 7 ,. 303-306). 


The source of the caesium lines employed 
by them is a vertical cooled mer- 
cury arc lanip with a tungsten 
anode containing a small quantity of 
caesium chloride”, thereby effecting ^^a 
great reduction of normal caesium atoms 
responsible for the absorption” in the 
source. The role of the mercury vapour 
ill diminishing the width of the caesium 
lines is also considered. Both the lines 
4593 A and 4555 A (6 -6 3 ^,) are 

analysed by Hilger-Lummer plates ’ and 
the intensity ratio of the components is 
computed from the density curves obtained 
from a Cambridge Microphotometer. The 
intensity ratio is found to be 1*408 + 0 *018, 
giving thus a nuclear spin of 5/2 for the 
caesium atom. Further the Lande g (I) 
factor of the caesium nucleus has been 
shown to be 1*11. The following table is 
intended to indicate the agreement between 
these values and those of Hans Barth : 



Venkat esa ch ar 
and 

Sibaiya 

Hans Barth 

Lines of 
Oa'.ftium 
analysed 

1 

4593 1 
and^ 

4555 A 

0 -Siyo — 0 -P 112,312 

4555 A 

C)2S,,,-G^P3,o 

Intensity 
Ilatio of the 
components 

1*40S±0*01S 

l*41±0-05 

Nuclear spin 

r,i'2 

5/2 


1180 

1170 

g;i) 

1-11 

•• 


Jackson {Proe. Roy. Soc.^ 1934, 133 , 

455-464), concludes however that the 
nuclear spin of the caesium atom is 7/2 — a 
result which is perhaps due to the existence 
of self-absorption in the source employed. 
It must be remembered that self-absorption 
has a tendency to equalise tlie intensities 
of the two components (Venkatesachar, 
Phil. Mag., 1925, 49 , 44) with the result 
that the i value obtained from the Fermi 

i H- 1 

formula y= —j— is always in excess. 

L. S. 
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Refractive Index of an Ionized Medium. 
T-t- .inf-tvon theory of dispersion taught 
Slools look! like a fairly settled 
.‘•Ve'tiou but recently there has been a 
rn-iiber of discussions on the question of 
riic conditions under which the Sellmeier 
or the Lorentz formula is applicable. When 
iT a question of getting at the optical 
constants bv means of a range o values of 
the refractive index, the results can be 
fuiriv Avell represented by either kind of 
forrtuila. But when there are other grounds 
for^ assumiDg particular values for the 
eon^tanis occurring in the two formulae 
it ?s found that in some cases the one is 
n'cTht while in others the alternative is 
coiTect. Particularly in the case of metals 
ir is found that the Sellmeier formula is 
appropriate and not the Borentz formula. 
This question is studied in detail by 0. G. 
Darwin in a recent paper {Proc. Roy. Soc., 
\ 193h 146 , pp. 17-^6). He shows 

That the' kind of argument usually given 
in books can be honestly turned about so 
as to show that in any given case both 
foriniike aie correct although they differ 
in their results. He has used an entirely 
new type of argument to find out the 
conditions under which each formula is 
valid. He finds that in the case of a medium 
containing free electrons whose charge is 
supposed to be neutralised by a continuous 
distribution of positive electricity Sellmeier’s 
formula is the correct one. In the case of 
a medium made up of neutral atoms the 
Loientz formula is required. Considering 
the question of an electron gas neutralised 
by a proton gas, the result arrived at is that 
under certain conditions, which are fulfilled 
in the ionosphere for example, the Sellmeier 
formula is correct, while the cases where 
the argument fails are those in which the 
Lorentz formula is found to hold. Consider- 
ing a mixture of two media, one of which 
obeys Seilmeier's formula and the other 
follows the Lorentz law, he finds that the 
Sellmeier function (fi,--!) of the mixture is 
the sum of the Sellmeier functions of the 
constituents. 


Isotopes of Rare Earth Elements. 

The present-day knowledge of the isotopic 
constitution of most of the elements is 
nearly complete, thanks to the work of 
Aston, Dempster, Bainbridge and others. 
There was until recently a large lacuna in 
that the isotopic constitution of the rare 


earth elements was very meagrely known. 
The deficiency has been removed by Aston 
by his recent work published in Proc. Boy. 
SoG., 1931, 146 , pp. 46-55. The method 
used by him was a slight impTOvement 
upon that described on p. 65 of Ins ''Mass- 
spectra and Isotopes” ; fortunately, pure 
salts of the rare earths wore at Ids disposal. 
The results are as follows : — 


Lanthauum 

.. (57) 

Cerium 

.. (58) 

Praseodymium (59) 

Neodymium 

.. (60) 

Samarium 

.. (03) 

Europium 

.. (03) 

Gadolinium 

.. (01) 

Terbium 

.. (05) 

Dysprosium 

.. (60) 

Holmium 

.. (07) 

Erbium 

.. (08) 


Simple. 

14-0 (8S%); 142 (11%), 
Sirnjde. 

142(36%); 11:3(11); MD 
(30); 115 (5); I K) (18), 
114 (3) ; 147(17) ; ILS(]4-) ; 
14:1) (I 5); 150(5); 152 (2(>); 
151 ( 20 ). 

151 (50 m); 153 (40.4). 
155(21); 150(23); 157 (17); 

158 (23); 100 (10), 
Simple. 

161 (22); 102 (25); 103(25); 

104 (2S). 

Simple. 

160 (30); 107 (21); 108 (30); 
170 (10). 


Thulium .. (09) : Simple. 

Ytterbium .. (70) : 171 (9); 172 (24) ; 173(17); 

174 (3S); 170 (12). 

Lutecium .. (71) : Simple. 

Aston remarks that there is an un- 
explained discrepancy between the value of 
the atomic weight of Erbium olitained from 
the mass spectrum analysis (107*21 ± 0*2) 
and that obtained by cliomical methods 
by Honigsehmid (1G5-204). 


Artificial Radio-activity. 

(a) a-Ray Bombardment. 

Ellis and Henderson (Proc. Roy. Soc., 
A, 1934, 146 , 206) Iiave mad(^ a detailed 

examination of the positron (Muission from 
Al, B and Mg, after the (^(mnmts w(n*e 
bombarded by a-rays from a soureii of 
Eadiurn (B+C). Tlie nuclear reaiddons are 
supposed to be: — 

(1) Ain + He^ P?S+n;, 

P?n SiJ^-t-e'^ .. (Itadio-riiospliorns) 

(2) BVN-He^ ^ ]S[V^4 

—> Cy^ l-€+ (Eadio-'Nitrogen) 

(3) Mgfi + Hei Sir.I-l-n‘ 

Sill Ali^-f €■+■ (Radio-Silicon) 

Also 

Mgp-fl^ -> AlfM-Hl 
Alls “> Si? 4 + (.Radio- Aluminium) 
The number of positrons have been 
measured by a Geiger-Muller Counter. The 
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energy of the a-particles necessary to cross 
the potential barrier of the nucleus, the 
periods of the decay of these short-lived 
radio elements, and the energy of the 
recoil atoms have been determined. Absorp- 
tion measurements of positrons from radio- 
phosphorus go to show the relatively fewer 
number of slow moving particles in the 
positron spectrum. 

(b) Neutron Bombardment. 

Fermi, Amaldi and others {Proc. Roy. Soc.., 
A. 1934, 146, 483) have established that 
neutrons are more effective bombarding 
agents than a-particles, protons or deiitons 
in bringing about artificial Eadio-activity 
in elements. More than forty out of sixty 
elements investigated have been activated 
by this method. The active element formed 
in each case has been identified, though the 
same is present in extremely minute quanti- 
ties, by a process of chemical separation 
after mixing up with its suspected isotope. 
The active product formed in the case of 
lighter elements (Mg, Al, Si, P, S, Or, etc.) 
has an atomic number less than that of the 
element bombarded by 1 or 2, e.g. 

(1) Mgr 2 + nJ l^a^‘^-l-Hl ('Active Sodium) 
Narj Mgr^-i-£- 

(2) Al^H-nJ NaiM- lIe^ 

NSblt Mgfo-l-e" 

In the case of heavier elements (Br, Eh, 
Ag, I, Tr, Au, Ur) the active product is 
usually a heavier isotope of the element. 
Br^s + nJ -> BrsS (Active Bromine). Positrons 
have not been detected in any of the dis- 
integrations. The problem of the capture 
of a neutron by the nucleus of a heavy atom 
has been discussed theoretically. 

M. P. Y. I. 


Influence of Charge on the Sedimentation 
Equilibrium of Colloids. 

In presenting a theoretical treatment of 
sedimentation equilibria, S. Levine ( Proa. 
Roy. Soc., 1934, 146A, 597) starts with 
the idea that owing to the charges on the 
colloidal particles and the surrounding ions 
of the electrolyte present forming the so- 
called ‘‘ionic atmosphere ” the two parti- 
cles repel one another when their ionic 
atmospheres overlap. This results in the 
attainment of a limiting concentration 
which is not further affected by gravity. 
For calculating the magnitude of this effect 
he uses the Boltzmann distribution intro- 
ducing an energy term associated with the 


charge of the particle and the surrounding 
ionic atmosphere. The term is evaluated 
as a power series in concentration of 
particles- by using methods of statistical 
mechanics. The x>otential about a particle 
is evaluated by using the differential 
equation employed by Debye and Huckel 
in their theory of strong electrolytes. The 
results indicate departure from the Perrin’s 
law varying according to charges on the 
particles and the concentration of the 
electrolyte present from n (the number of 
particles per millilitre) =1-6x10'^"' to n= 
4-OxlO^‘S with corresponding limiting con- 
centrations lying between 92,=2'lxlO^^ and 

5 X 10^"'. 

As the author has pointed out, the influ- 
ences of factors like hydration and electro - 
striction have not been considered. This 
possibly accounts for the fact that tlie new 
theory does not reproduce the limiting 
concentrations observed by Porter and 
Hedges and by Barkas. 

K. S. G. D. 

Plant Families in relation to Some 
Chemical Properties. 

In his contribution to the Aiyierican 
Journal of Botany, 1934, 21, 427, Mr. Nair 
has discussed the evolutionary status 
and climatic distribution of plant 
families, in relation to the physical 
and chemical properties of the glycerides, 
volatile oils and alkaloids isolated from 
them. The analytical data refer to 318 fats, 
232 waxes, 938 volatile oils and 299 
alkaloids, obtained from 83, 84, 87 and 57 
plant families respectively. The families 
that produce these materials may be divided 
into six climatic groups, viz., tropical, tropi- 
cal-sub-tropical, sub-tropical, sub-tropical- 
temperate, temperate and widely distributed. 
The data have been statistically examined 
and it has been shown that there is a con- 
sistent variation in some of the physical 
and clieinical properties of the materials 
according to the climatic distribution of the 
plants. Thus, the tropical and sub-tropical 
glycerides possess higher melting points and 
lower iodine values than the fatty oils of 
temperate climates. The data concerning 
refractive indices and specific gravities 
suggest that the tropical volatile oils have 
constituents of greater saturation. The 
average molecular weights of alkaloids are 
lower and the average melting points 
higher in the tropical than in the temperate 
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plants. These data indicate that in general 
more complex comi)ounds are formed in 
temperate than in tropical plant families. 
The physical and chemical properties of the 
compounds also vary in accordance with the 
degree of evolution of the plant families 
containing them and the more highly 
organised the plants are, the more complex 
are the chemical products elaborated by 
them. 

B. IST. S. 


The Development of the Trout Scale. 

The March issue o t the Journal of the Uni- 
versity of Bombay (Y ol. 2 , part V, pp. 17 — 32, 
4 pis., 1934) contains an interesting article 
on the development of the Trout Scale by 
Dr. S. B. Setna, Fisheries Officer with the 
Government of Bombay. Apart from the 
excellence of the technique employed and 
of tlie histological details worked out, such 
a study is valuable in fishery work, for It 
is well known that the sclerites in some fish 
formed during the summer are wide apart, 
while those formed in winter are nearer 
together. The surface of the scale is thus 
mapped out into well-marked regions : the 
summer and the winter bands. In other 
words, the scale denotes a well-marked 
rhythm. The facts of development have 
been utilised for determining the age of the 
•fish.” The author has suggested that the 
formation of the bands is due to the inter- 
mittent growth of the scale pocket and to 
the several tensions and pressures to which 
the scale is subjected during growth. 

In India, the study of fish scales is a 
desideratum which requires an early atten- 
tion. Such a study will not only help the 
development of pisciculture in the country, 
but will yield data of great biological signi- 
ficance. In the Punjab and the United 
Provinces, the summer and winter months 
show extremes of temperature, and the 
scales would probably be found to exhibit 
a well-marked rhythm. In Lower Bengal 
and Madras, on the other hand, the two 
seasons are not well-marked and in conse- 
quence, the sclerites may show a more or 
less uniform growth throughout the year. As 
this type of research is of economic impor- 
tance and especially well suited for the 
zoology departments of the various univer- 
sities in India, it is hoped that some interest 
will be taken in the problem in the near 
future. 


The Structure and Relationships of 
Lamellibranchs. 

Alastair Graham in an important paper 
(Proe, Boy. Soc, Edin,^ 1934, 54 , Pt. 2) 
examines the lamellibranchs belonging to 
the groups Tellinacea, Soleiiid^ and Sole- 
curtidse and draws certain conclusions 
regarding the phylogeny of these groups. 
Of the above, the Tellinacea and the Sole- 
curtidse possess a cruciform muscle while 
it is absent from the Solenidae. Based on 
this character and others are his conclusions 
that the Solecurtidse are more nearly 
related to the Tellinacea than with the 
Solenidse. 


Cestodes from Lucknow Pigeons. 

L. hi. JoHRi has described a number of 
cestodes from pigeons and a few other 
animals round about Lucknow {Rec, Ind. 
Mus., 1934, 36 , Pt. 2). It has been 

observed by the author that regarding 
the infection of the pigeons at least, birds 
from the slum areas of the town feeding on 
poor corn were intensely infected, while 
wild forms from the rural areas showed less 
or no infection at all. He thinks that the 
intermediate host is a weevil or some other 
arthropod feeding on corn. Heavy infec- 
tion by Eaillietina produced fatal results 
among the hosts. The author describes a 
new genus, a few new species and a number 
of sub-species and varieties. hTo useful 
purpose is served by the multiplication of 
specific names and while a description of 
outstanding characters meriting tlie forma- 
tion of new genera should be welcomed, 
little differences in dimensions, colour and 
such other characters and the creation of 
new species on these characters would only 
result in the production of a quantity of 
confusion. 

Another paper by B. S. Gogate describing 
a few new species of Trematodes from the 
wild ducks of Rangoon appears in the same 
number of the journal. 


“In Vitro Culture of Pulmonate Molluscs. 

J. C. Hill {Journ. Roy, Micros, Soc,, 1934, 
54 , Pt. 3) has summarised our know- 
ledge of the in vitro ” technique with 
reference to the Pulmonate molluscs. 
Prof. Gatenby and the author have done 
much work on this subject and a number of 
useful aseptic and artificial media have 
been devised for the growth of cells from 


S. L. H. 
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the gonad of these molluscs. The author 
was the first to use the Hedon Pleig solution 
in which medium the cells lived for a long 
time and developed regular connective 
tissue .networks. Bohuslav’s modifications 
of these methods, though resulting in a 
prolongation of the life of the cells did not 
produce any extensive outgrowths. 


Minor Chemical Constituents in Some Igneous 
Rocks. 

A VERY interesting article on the minor 
chemical constituents of igneous rocks has 
been contributed by G. H. ITarcourt in 
Journal of Geology^ 42 , No. 6. The investi- 
gation of rare constituents like Ba, Zr, Mn, 
Sr and such other elements is determined 
through spectrographic means. Taking Gra- 
nites as an example, he has shown that the 
majority of the minor constituents are 
common but the variations of their percen- 
tages are rather erratic. By studying the 
occurrence of Silver as a minor constituent 
in some Granites he has shown that this is 
characteristic of a particular type of the 
Granitic magma. On this basis he has sug- 
gested a similarity between the Lansdowne 


Granites and Granites of Eainy lake. If 
it is possible to establish different typos 
of rock suites by the determination of minor 
constituents in igneous rocks, it will not 
only be a great factor in elucidating petro- 
genesis, but will also go a long way in 
locating certain types of ore deposits. 


Some Pseudo-Eutectic Ore Textures. 

In a recent article in Economic Geology^ 
29 , No. 6, A. L. Anderson discusses the 
occurrence and development of intergrowths 
in sulphide ores. By studying such inter- 
growths in a number of cases such as Galena- 
Calcite, Galena-Pyrargyrite and Tetra- 
hedrite-Galena he concludes that these 
textural peculiarities are due to replacements 
of one mineral by another. In one case 
he has actually traced the irregular advance 
of pyrargyrite into galena along convex 
fronts in addition to tongue-like projections. 
The replacements are mostly physical in 
nature and are not accompanied by any 
changes in volume. Further he has 
shown that these textures in ores are mainly 
hypogene replacements, and are comparable 
to the pseudo-eutectic textures advanced by 
Lindgren. 


Dipole Moments. 


TVURING the last decade considerable progress 
^ has been made towards a precise and quanti- 
tative interpretation of the structures of molecules. 
Among the several methods employed towards 
this goal Ilarnan spectra and Dipole moments 
have stood out prominently as they are directly 
applicable to a study of the more complicated 
molecules, whicli have been so extensively studied 
by chemists and which are not easily amenable to 
other physical measurements.^ The interest in 
the dipole moment of the molecules is particularly 
enhanced by the apparently simple manner in 
which it takes account of mainly those parts of a 
complex molecule which are already known as the 
seats of chemical reactivity. From the time of 
the pioneering work of Debye and his colleagues 
in 11)12 and onwards, the interest in the subject 
has been rapidly increasing, and a large volume of 
careful experimental w'ork lias been turned out 
mainly during the years following 1924. It was 
a happy idea therefore for the Faraday Society to 
devote its Sixtieth General Discussion to the 
subject of “ The Determination and Interpretation 
of Dipole Moments”. The discussion wliich was 
held at Oxford from April 12 to 14, 1934, under 
the Presidentship of Professor N. V. Sidgwick, 
F.R.S., was attended by almost all the important 
contributors to the subject and has since been 


1 E, Babinowitsob, Naturwiss.^ 1934, 28, 477. 


published as a special number of the journal.^ 
There are in all twenty-four contributions review- 
ing and discussing every phase of the subject. 
There is in addition a very valuable classified 
index of all the moment values determined up to 
the time, together with the connected details of 
temperature, method and actual values of polari- 
sation for each substance. 

The aspect of the subject which has held the 
wide interest of the chemists is tlie original 
observation of J. J. Thomson^ which was more 
fully developed later by Eucken and Meyer^ that 
a moment of a definite value could be associated 
wdth a bond and with the direction of the 
bond, so that provided there is no mutual 
interaction the observed value of the moment of a 
complex molecule is given by the simple law of 
vector addition. Later and more careful observa- 
tions have shown that the above formulation is 
only approximately valid. C. P. Smyth (p. 752) 
has reviewed the present position in regard to this 
and has sliown that a bond moment is merely a 
measure of the electrical unsymmetry of a certain 
section of a molecule and is affected by the 
environment of the section. It has not been 
possible so far to calculate exactly the induction 


2 Pp. 679 — 9044Txxxvi ; price 2l57i. 

3 Phil Mag., 1923,46, 513. 

4 Phys, Z., 1929, 30 , 397, 
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effects of a dipole on the oblier polai'isable parts of 
the molecule as it is difficult to estimate tlie 
actual location of a dipole. Ax)proximate calcii- 
latioms, however, in the case, of the halogenatod 
methane derivatives indicate the reaht y of tiieso 
effects. There is in addition a possibility of at 
least a small shift of charges not immediately 
calculable from induction. Such shifts -electro- 
meric elfects— ai*e more conspicuous iu aromatic 
and unsaturated compounds. (1. M. Bennett 
(p. 853) has estimated the additional mouumt due 
to this effect in a series of p-substituted anisolos, 
and concludes that when this is ta-keii into 
consideration tlie valency angle of oxygen calcu- 
lated from the moment values are more nearly in 
agreement with tlie values estimated by otlior 
methods. Some other striking instances where the 
simple vector law of additivity of moments 
breaks down are discussed by A. W^eissbergor, 
11, Sangewald and Ct. 0. llampson (p. 8S4). Thi^ 
three monochloio diphenyls with the chlorine in 
2, 3 and 4 i.)ositions have different moruents, 
1*3, 1*8 and 1-5x10“^^ c.s.u. respectively, 

although diphenyl itself has moment zero, and 
chlorobenzene has moment 1 *5. Similarly, a and 
j8 chloronaphthalenes have different values of 
moment. As the moments of the corresponding 
dichlor diphenyls ai-e complicated by the possibi- 
lity of rotation around the diphenyl link, a series 
of ben disubs tituted chloronax^tli/Uenes have been 
synthesised and their moments studied. The 
results indicate that tliere is a particular shift of 
electrons in the molecules toward the substituents, 
and tliis sliift contributes a moment of the order 
of 0*2 in a direction perpendicular to the bridge 
bond. However, when substituents ai e introduced 
in tlie same positions in both rings the polai-isation 
in question does not occur. It has also been 
shown elsewhere^ tliat an influence of this order 
exists in (piinoline and isoquinoline. O. llassel 
(p. 874) has discussed the information that can be 
gathered regarding the stereochemistry of cyclo- 
hexane from a study of the dipole moments of the 
halogen derivatives of tlie same. Most of the 
results go to show that at ordinary temperatures 
in the solution state the high-syniinotric trans form 
of the ling is by far predominant and stable. In 
a discussion of this paper, J. I). Bernal points out 
that a transformation from the trans to cis form 
should involve not only considerable activation 
energy but also a definite transition energy. 
J. E. W. TjG Eevre, on tlie other hand, .shows that 
the moment of 1:4 cyclohexadione indicates that 
this derivative definitely exists in the two 
strainless forms foretold by tlie older stereo- 
cliemistry. 

Pauling and his collaborators have recently 
shown that a large number of molecules exist with 
the same nuclear .structure but in different valency 
states, ix., with different electronic .structures. All 
these component structures exist simultaneously 
in a resonance equilibrium, the actual ground state 
possessing an energy equal to or less than that for 
any of tlie individual structures, the difference, 
called the resonance energy, giving a measure of 
the stability of the molecule compared to that of 
any of the parent states. This resonance affects 
other properties of the molecule as well ; thus the 
inter- nuclear distances and the valency angles 

M. A. Govinda Rau and B, N. Naravanaswamy, 
Z. PhysiJeal Ck, (B), 1934, 26 , 23-44, 


assume intermediate values which are usually 
disproportionately near to those in the stiffer 
structures. In liis report L. E. Sutton (p. 7S9) 
has gone into this question in considerable detail 
from the dipole moment point of view and fmds 
that in several instances, e.f/., isocyanates, NoO, 
etc., tlie observed moment can be best accounted 
for by taking into consideration the several 
po.ssible structures in resonance. In another 
extreniidy lucid paper N. V. Sidgwick (p. 801) has 
analysed all the evidences in favour of the three 
possible sti'iictures for the organic azide radical 
/N 

(I)-N<r II, (II)~N = ]Srr±N, (I[I)-N<-N=N, 

and comes to the conclusion that the azide radical 
is a mixture of the two open chain forms II and III 
in rc.sonance. This phenomenon of resonance is 
then discussed at length by several members 
present, beginning with the President’s very apt 
remarks about possible limitations to the various 
permissible resonating formula for one and the 
same nuclear structure. It may be added here 
that recent studies of the moments of picolines 
and quinolines (M. A. Govinda Rau and B. N. 
Narayanasvvamy, loc. cit.) also support the 
existence of resonance in these molecules. 

There are on the other hand a large number 
of molecules in which the nuclear structure itself 
is not rigid, such as those in which free rotation 
is po.ssjblo about a single bond. Tlie moment 
of sucli molecules is generally dependent on 
the temperature in as much as the extent of 
deformation of the molecule is governed by the 
intra-molecular potentials and the degree of 
thermal agitation. In many cases where rotations 
are possible the moment is still indo^pendent of 
teriiperatiire indicating that the molecules are 
locked up indefinite oriented positions, sometimes 
<lue to the existence of ciuantum resonance. C. T. 
Znbn (p. 804) has reviewed bis own considerable 
contributions to this subject, while J. E.Lennard- 
.lones a.n<l IT. 14. M. Pike (p. 830) have pointed 
out some interesting comph^xitics in the mechanics 
of tins free rotation, such as in the case of 
dichloro ethane where the principal axis of 
rotation passes through tlie two chlorine atoms 
for the trans model and gradually shifts on to 
a jiosition between the 01— Cl and C — C lines for 
the CIS state. Another mathematical investigation 
by W. G. Penney and G. B. B. M. Sutherland 
(p. 898) in wbicli the quantum mechanical method 
of (dcctron pairs is applied to the structure of 
IIoOo and , leads to the conclusion that 

these molecules arc not symmetric:-!! but have 
unsymmetric skew structures, and the moment 
values calculated for such .structures are in good 
agreement with the observed values. An 
extremely interesting paper in this connection 
is that of G. C. llampson (p. 877) who finds that 
the symmetrical linear arrangement ascribed 
to the dicovalent compounds of mercury, such 
as the mercury halides, is not supported by the 
observed finite moments for the 'para disubstitut- 
ed derivatives of mercury diphenyl. It is 
suggested that there is a considerable degree of 
flexibility in these molecules, theHg— O link having 
a certain angle of swing. In the accompanying 
discu.ssion de Laszlo has confirmed tins sugge.stion 
ofHampson and estimates the actual angle to 
bQ aboqt 30° frorp his electron diffyactiop 
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experiments with the vapour of dibrom diphenyl 
mercury. 

The rest of the contributions to this symposium 
deal with the more physical aspects of the subject, 
such as the influence of the solvent on the 
calculated value of the moment (F. H. Muller, 
p. 729). It is now recognised that the moment 
obtained decreases with the increasing dielectric 
constant of the solvent, but there is no general 
agreement regarding the exact law by which this 
decrease takes place. A logical formula that 
can eliminate this solvent influence and thereby 
allow of an exact evaluation of the moment for 
the free molecule, will be a considerable advance 
on the present-day technique of determining the 
moments of molecules. The potentialities of the 
Raman-Krishnan theory in this direction are 
emphasised by F. R. Goss and E. G. Cox, in the 
discussion that follows, and P. Debye has pointed 
out that since solvent influence is measured, by 
the dielectric constant, the solvent molecules 
near the dipole molecule are not the only ones 
involved. A direct consequence of this reducing 
influence of dielectric constant on the calculated 
polarisation is to vitiate the Debye law of 
linearity of polarisation with 1/T when determined 
by the infinitely dilute solution method. The 
resulting decrease in the slope of the P— 1/T line 
and therefore of moment and the fictitious higli 
values for the atomic polarisation are illustrated 
in a separate communication by H. O. Jenkins 
(p. 739) with his experimental results on the 
polarisation of nitrobenzene in dekalin at 25® 
and 142®. The reported values of atomic 
polarisation are further discussed by S. Sugdeu 
(p. 734) who finds that no clear relationship can 
be traced between moment and Pa nor can 
finite Pa values be allotted to groups. In contrast 
to the well-investigated cases where the calculated 
polarisation decreases from the gaseous measure- 
ments to those in solutions, F. Fairbrother (p. 862) 
lias observed a considerable- increase in the 
polarisation of the hydrogen halides when 
dissolved in benzene and in CCI4. The suggested 
explanation is that owing to the smallness of the 
molecules, the induced dipoles in the surrounding 
solvent molecules will be large and their effect 
will tend to increase the electron density at the 
halogen end of the molecule, or in other words, 
transform the covalent link to an ionic binding. 
In the keen discussion that follows there is no 
agreed opinion regarding the suggested explana- 
tion. The nature of the bond, whether ionic 
or atomic, the binding energies and the 
internuclear distance, and their bearing on the 
dipole moment are discussed in a separate 
communication by W. H. Rodebush (p. 778). 

The role of interdipole forces on the polarisation 
and other physical properties are discussed in a 
series of three papers. The interaction energy 
between two dipoles at a distance r apart is 

proportional to ^ oc n [jl- , where /x is the moment 


and n the number of dipoles per unit volume. 
Van Arkel and J. L. Snoek (p. 707) have showed 
that the simplest empirical equation in which this 
energv term can be successfully introduced is 


ml 

€-f-2 


•irrn 


a H-- 




3 V ‘ SKT+cnfjL^ / 
where c is a constant independent of solvent, 
concentratioji or moment, so long as there is no 


intermolecular association. Indeed this equation 
can be used to furnish a sharp criterion for the 
existence of association from the abnormal 
values obtained for c and the influence of solvent, 
etc., on the same. In another communication A. R. 
Martin (p. 759) seeks to estimate tlie nature of 
the interdipolar forces from the curvature in 
the partial vapour-pressure— composition curve 
of solutions of dipoles. This same interdipolar 
energy between the dipole molecules in a pure 
liquid contributes an additional term to the 
cohesion energy due to purely London forces. 
Van Arkel (p. 698) has shown that the rise in the 
boiling point of the liquid due to this additional 

p fj2 

term is given by Tn = 1-53 x 10^ X , where 

R*^ Vb 


Td is the Debye contribution to the boiling point, 
Pq the optical polarisation, R tlie mean radius of 
the molecule, and Vb the molecular volume at the 
boiling point. In larger molecules, the distance 
between constituent dipoles when appreciable 
must also be taken into consideration and this 
helps to predict the order of succession of boiling 
points in a group of isomers. 

Another pliysical chaiacteristic of a dipole 
molecule is the finite time it takes to orient itself 
in the direction of the applied field. This is the 
theme of P. Debye (p. 679) for his opening contri- 
bution to the whole symposium. Wlien the period 
of oscillation of the applied field is of the same 
order as the time of relaxation of the molecule, a 
difference in pliase is set up between the field and 
the polarisation with accompanying energy absorp- 
tion and decrease in dielectric constant. Of 
tliese the energy absorption is a first order effect, 
and measurements of high frequency losses parti- 
cularly in dilute solutions— for which alone the 
equations are valid— should give absolute values of 
the relaxation time r according to the formula 
f€ H- 2\- co-r N/x- 


W 




2V 3A;T 


/E2 


where W is the energy produced in ergs per c.c. and 
per second, € the dielectric constant of the non- 
polar solvent, E the amplitude of the applied field, 
/ the mol. fraction and V the molal volume of the 
solvent. J. Malsch and G . Martin have developed 
the necessary technique for these measurements. 
The results show that different values of r for 
one and the same molecule in different solvents 
are far from proportional to their viscosities as 
will be expected from Stokes’ formula, t is 
probably an individual characteristic constant 
depending upon the particular form of the 
molecule. P. Girard (p. 763) has studied the 
dielectric constant and dispersion of a number of 
alcohols and finds evidence for the existence of 
association complexes. In xDolyhydric alcohols 
the association complexes are polar in character 
with different dispersion regions, and break down 
with rise in temperature. On the other hand, 
tertiary alcohols are typical examples wdiere non- 
polar association complexes are formed. J. W. 
Williams (p. 723) has described briefly some 
experiments to verify quantitatively Debye’s 
theory of dispersion, and to apply the equations 
to calculate the molecular weight of proteins from 
the relaxation times. In certain cases good 
agreement with experimental values of molecular 
weight have been obtained, but in others discre- 
pancies have appeared, Tfie sources pf error arid 
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I Q tliom are discussed. Dobye s 
•''■^'“.ms'also to be applicable, at least 
■'"Sy. to ^luUons in polar solvents such as 

4io! and qP dipole molecules are 

' ^7^^ldnde”ed when they are located as m 
'i' l ’attfce on account of the strong internal 
"^-1 H 4 s Still the existence of a pronounced 
^ probability for 

ou; passage of a 

*F ;v, .notiier J. Errara and H. Sack 
J'. / similar dispersion also in the crystals of 
Lm a'ld ^vttriuni platinocyanides and 
Undo the existence’^ of one or two very 
bound water molecules Pf 
iValso observed that the orientation o fcl>e Peld 
■vuh rr-spect to the axes has a pronounced effect, 
u-h-n an ionic lattice is placed in an electuc 


field there is an additional pola-risation due. to the 
relative displacerriont of ions. This additional 
polarisation increases with rise in temperature 
while the usual volume polarisation decreases. 
E. Bretscher (p. 0S5) has calculated the resulting 
temperature coerticiont of dielectric constant on 
the basis of the existing theories of intiaionic 
potential for the case of NaCl amd Ca,.Eo crystals, 
and finds a discrepancy between cahmlatml and 
experimental values, which is atti'ibuted to 
certain imperfections in the theory. 

The svinposiuni is thus seen to cover a,hnost the 
whole field of the dielectric properties of niatter, 
and when taken a.long with tlu^ oxha,ustive table 
of moments given as an appemdix, this volume of 
the Faraday Society JoHrnni is easily t-he most up- 
to-date guide to the subject of Dipoh' Moments. 

M. A. (iJoviNDA Bait. 


Industrial Possibilities of Some Research Work done in India. * 


\ LTilOUGH, prior to the time of the Great 
A Wax*, efforts at industrial developments in 
In. fa were not wanting, yet, the phenomenal 
enthusiasm for the starting of new industries and 
tie* serious attempts to explore and exploit 
in lust rial po.>si bill ties in the country witnessed 
during t!ie perioi 1916-18, can be directly traced 
T ■) the stiniulus given to industrial research by the 
it War. Since then, the interest has been, 
iiirre or less, kept up and energetic steps are now 
being taken bv the Central Government to investi- 
gate"' market ’conditions and centralise research 
work in industries. 

Original work carried out. in recent years hold- 
ing out industrial possibilities, can be reviewed 
under 5 iieads:-(cO Researches resulting in 
Djrmaaent factories, ih) Researches resulting in 


factory operations still in the initial stage, (c) 
Researches resulting in factories operating on a 
e ;):iimercial scale, but which for various re.asons, 
have been discontinued, {d) Researches which 
have been of proved commercial interest, but 
wliich have not been fully exploited, and (e) 
Researches that await conimercial consideration. 

The researches pertaining to the distillation of 
sandalwood oil, the utilisation of local oils for 
soap manufacture and the manufacture of turpen- 
tine may be mentioned as examples which come 
under the first group. Under the second category, 
comes the manufacture of ceramic wares and gas 
liianlles. Acetone with increased demand under 
tiie exigencies of War, may be cited as an instance 
of a temporary industrial venture. Other indus- 
trie.s which may be mentioned in this connection 
are the manufacture of glue and gelatine, thymol 
and straw boards. The manufacture of glue 
deserves careful consideration; a material of a 
somewhat inferior quality can be produced as a 
cottage industry and may therefore prove of 
particular interest to India. 


Researches of proved commercial importance 
but wliich have not been fully exploited, deserve 
•special consideration. They concern improvo- 
meiits in large-scale industries alreadv existing in 


* Ab.stract of a course of two lectures deliver 
by Dr. Gilbert J. Fowler, D.Sc., F.i.e., under t 
auspices of the Society of Biological Chemis' 
India, on the 22nd and 26th October 1934. 


India. The lac industry is a case in point. It is 
now faced wltli competitive synthetic substitutes 
on all sides, but possesses certain virtiuEs wliich 
give the natural resinous product a. ilistincD ve 
character ; tlie latter, ther(ffor(‘., cannot be easily 
substituted. This is parlicula-rly true in the 
manufacture of electrical insulators, wh<‘r(‘ the 
decomposition pi'oducts of lac whic.li mn,y bo 
formed when exposed to Iiigli (dimtricad pre.ssuri's, 
are still non-conducting, wliic.h is not tin* case 
with similarly formed products from aitificia.] 
substitutes. By imposing a strict sidenilfh*. control 
during the various stages of the indiist.ry—- protluc- 
tion, manufacture, storages an;l transport, and 
exploiting the by-products of th(‘- l‘a.c.l.ory, it 
should be possible to set th<; whohi industry in 
order and the natural lac will undoubtedly hold 
its own against comxDc.ddtion. 

Another industry which offers considcM'abhi 
scope for improvement, is tln^ iihre industi'y. 
In the year 1931, of the. tU million tons of r.o’ir 
produced for spinning^ only 1/10 million t.ons 
were used, and here is a.rnplc room for (‘uDm*- 
pidsing inventive gimius to uiilisi^ tin* wa.st(u 
The short fibres wliich (;an bo r(‘c.ovcr<‘d from 
tlie cotton seed appea,rs to 1>(‘. quiti^ snitiul for 
paper manufacture, and thf'; pre-treatnumt of l.liis 
and other cellulosic inat<u‘ia.lB for ])n.i)c.r ma,nu- 
facture demand car(d’ul and systijmatic (‘iKpiiry. 
Fermentation or retting ” ina'y Ixt found clu'-aper 
than chemical treatment. Oi.hor varieties of 
fibres that are available in India a, re tli<‘ sanH. 
hemp, linseed straw, mcga.sse, rice straw and 
bamboo. 

The problems of tlic oil industry in its m;my 
ramifications are so numerous tha-t there is 
ample room for continued activity. The proposed 
Technological Laboratory at Nagpur to be 
subsidised by the I.akshminarayan b(xpi(‘.st 
intends to take up the subjoct, and it is boiiod 
that fresh lines of enquiry may be opened up. 

The question of power alcohol has been in 
the minds of Indian technologists for many 
years, but although the country abounds in 
exceptionally cheap raw materials, such as mahiia, 
cassava and artichokes whose utility as raw 
materials have been tested, the production of 
alcohol has not proceeded much beyond the 
laboratory trials. Papaya has been shown to 
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contain more fermentable sugar per acre than 
any other crop in India, and holds out vast 
possibilities for industrial exploitation. 

Another source of natural wealth which 
requires only energy and persistence to be utilised 
with great benefit to the food supply of the mass 
of the population, is human and animal wastes 
including activated sludge which can be 
employed as a starter for composting town and 
farm refuse thus yielding a valuable fertiliser. 

Other industries whose progress can be ensured 
by systematic laboratory investigations are the 
dyeing industry, wood distillation, chromium pro- 
ducts, refining of crude saltpetre, preparation of 
papain and manufacture of vinegar. 

A large proportion of the literature that has 
accumulated, concerns those problems, which 
await commercial consideration. To mention only 
a few, a good deal of work has been carried out on 
cereals and cereal products, and in the fruit and 
vegetable industry including its by-products, such 
as, papain, pectin, tartaric and citric acids, beve- 
rages and condiments. With the exception of rose 
water and sandal oil, little effort has been made 
to develop the possibilities of perfumes from Indian 
flowers and scented grasses. The economic 


handling of the enormous quantities of molasses 
from sugar factories, and its utilisation, presents 
numerous problems awaiting solution. 

The argument that, provided raw materials 
could be exported with profit, it would be un- 
necessary to spend money in setting up factories 
to utilise the raw materials and convert them into 
useful commodities, is illusory since it disregards 
the importance of the circulation of wealth. There 
is a considerable field in India, to-day, for small 
industries requiring comparatively little capital, 
and no opportunity should be lost to exploit them. 
The large-scale industries require not only consi- 
derable capital, but also courage and vision. A 
country which has produced .Jamsetjee Tata may 
hope for other captains of industry. 

“ Ultimately all wealth must come from land 
since men cannot live without food. In India, it 
cannot be doubted that every effort should be 
directed towards a more intensive agriculture. 

Improved agriculture should render 

Xiossible a higher standard of life in the countless 
villages of India; and with this higher standard a 
greatly increased demand for the products of 
mechanical industry.” 

B. N. S. 


Science Notes. 


Acetyl Group in Lignin. — Mr.PuUnBehari Sarkar 
of the Dacca University writes: ‘‘The fact tliat wood 
and other lignified materials when distilled with 
dilute mineral acids afford acetic acid, has caused 
several investigators to assume that lignin contains 
acetyl groups. This is still an unsettled fact, as 
no lignin preparation uptil now has been found to 
give acetic acid under similar conditions. 
According to Jonas {Papier FabriJcayit.^ 1028, 26 , 
221 ) the acetyl group is split off from lignin by 
very strong HOI during isolation even in the cold. 
He includes therefore an acetyl group in his 
modification of Schrauth’s formula. Heuser 
[Paper Trade Jour., 1930, 83 , 75) also considers 
the acetyl group as characteristic of lignin. 

“ Raw jute but not lignin, even wlien separated 
with 42 %HC1 under the mildest conditions, gave 
acetic acid on distillation with dilute H2SO4, or on 
being first boiled with KOH and then steam 
distilled after acidification with H2SO4. Acetic 
acid was estimated in raw jute and jute delignified 
with ClOo without any previous boiling with 1 % 
alkali. It has been found that raw jute gave 
6 '26% acetic acid while delignified jute gave 
7*54%. As jute contains 15-43% of lignin, 100 g. 
of raw jute means 84 -57 g. of delignified jute. 
Again, since 100 g. of delignified jute gave 7-54 g. 
of acetic acid, 84*57 g. of it would give 0*37 g. of 
the acid. Actually, raw jute gave 6*25% acetic 
acid, which fact therefore proves in an indirect 
way the absence of acetyl group in lignin.” 

jh * 

Absence of Aldehydo-group in Lignhi. —Mr. Pulin 
Behari Sarkar of the Dacca University 'writes : “In 
a former communication {Curr. Sci,, 1934, 2, 406) 
it has been pointed out by the author that the 
reducing action of lignin is due to the two OH 
groups attached to the benzeue ring in the ortho- 
position. Farther proof has now been obtained 
for this from the results of metliylation. 


lignin isolated by 42 % HCl at room temperature 
has been separated into two fractions by dilute 
NaOH. The soluble portion which reduces 
Fehling’s solution very readily, has been methy- 
lated with dimethyl sulphate and 45% KOH at a 
temperature below 25° (Urban, Cellulose Chemie., 
1926,7, 73). After a single treatment the reducing 
property diminished considerably and after the 
second, it disappeared altogether. The colour 
changed from deep black to light brown and the 
product no longer dissolved in alkali. As only 
the OH groups are attacked by dimethyl sulphate 
in presence of alkali, the absence of reducing 
property in methylated lignin therefore proves 
conclusively that lignin contains no aldehydo- 
group. 

It may be mentioned here that the loose combi- 
nation of dimethyl sulphate with the CTIO group 
as in the case of sugars, breaks up easily on 
warming with dilute acids or alkalis.” 

* H: 

Harvesting Sugarcane. — Mr. Y. K. Raghunatha 
Rao, Chemist, Mandya Sugar Factory, writes : “To 
know when a sugarcane crop is ripe for harvesting 
it has been the practice to cut down several stalks, 
send them to the factory for x^ressing out in a 
handmill and analyse the juice. Lately the method 
is the inexpensive and simx^le one of noting the 
‘ Brix ’ or density of the juice from the cane in the 
field with a hand refractometer, the point of 
sampling being about the middle of the stalk. The 
pith is bored out from an internode of the cane 
with a ‘ Gempol ’ knife and pressed to give a drop 
or two of the juice, whose Brix is noted. A 
variant of the method is to collect the juice drops 
from all the stalks in four selected stools and 
observe the brix of the mixed sample.^ 


1 I. S, J., 1933, pp. 37, 274, 359 ; 1934, pp. 235, 
240, 320. 
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A slightly different procedure was followed^ in 
testing the sugarcane fields at Mandya. The pith 
of the cane was not bored out. The juice was 
taken out of the cane directly by a grooved knife 
(Zeiss) or by means of a pair of tongs with sides 
broadened so as not to injure the cane and fitted 
on the inside with a piercing button and grooved 
so as to let out the juice . 2 Errors due to evapora- 
tion and msufficient cleaning out of tlie former 
juice sample should be guarded against ; in this 
respect tlie knife is simpler. Every fifth intornode 
from tlie visible air roots was sampled. 

No. of canes examined 48. Variety II.M. 320. 

12 months old. 

Table I. (Brix) 


Intornode 

5th 

10 til 

loth 

20th 

Stool I. 

2M 

20-7 

20-1 

17-3 

„ n. 

21-3 

21.6 

22-0 

20-7 

„ in. 

20-8 

21-7 

21-5 

20-1 

Calculated 

Total 

2M 

21-20 

21-26 

18-2 

Observed 

Total 

21 -2 

21-30 

20*00 

— 


Table II. (Brix) 

5th 10th 15th 

20th 

Stool IV. 

21.5 

22.4 

20-0 

17-1 

„ V. 

22*7 

22.7 

22-6 

21-0 

„ VI. 

22.2 

22-9 

22 -S 

21-9 

Calculated 

Total 

22*2 

22.7 

22-0 

21-0 

Observed 

Total 

— 

— 

22*2 

— 

From the 

results ] 

it is found that 

a colli 


sample from the middle of the stalks is a. fair 
average. However, such a sample does not distin- 
guish between ripe and nearly ripe cane. The 
convergence of the brixes of the top, middle 
and bottom parts is a better criterion. In unrip(‘ 
canes the brix at the middle is more than at tlie 
bottom and much more than at the top. The 
values are nearly equal at ripeness, the limit of 
divergence being ± 1° Brix. 

The ripeness test should therefore consist in 
collecting separately average samples from the 
top, middle and bottom of all the canes in four or 
five selected stools, proper weight being givam to 
damaged or borer attacked canes and noting the 
brixes of the three average samples. When the 
three values are nearly equal the cane is ri])o. 
This method involves no greater expense or labour 
and is a very reliable one.” 

* * * 

Asiatic Society of Bengal. — Among the interest- 
ing exhibits that were shown aiul commented 
upon at the recent meeting of the Society held on 
the 5fch Nov'ember, were six China plates, repre- 
senting the three famous Buddhist pilgrims. Tliicse 
were exhibited by Mr. Johan van Mancn. 
“Genuine Chinese porcelain is as famous as its 
fakes are feared. India has in the course of its 
history absorbed a substantial amount of valuable 
specimens of Cliinese ceramics, wliicb coriie to 
light from time to time, and after the great 
European War, Calcutta has become an important 
dispersion centre for old Cliina, both genuine and 
spurious. The plates exhibited represent the three 
famous Buddhist Pilgrims, Fa Hsien, Ilsuan 
Tsang, and I Tsing. The period mark gives the 
date of nmnufaebure as that of Hsuan Ho. the one 
but last Emperor of the first Sung Dynasty, i.e., 

2 Sugar News, 1934, p. 306. 


A.D. 1110. This is almost unbelievable, though 
some (Tiinese Mends who have been consulted 
tliink the plates XH'obably genuine.” 

♦ ‘jj: 

A New Technique of Micro-Ayialysis.—Dv. Charles 
Bosenblum of the University of Minnesota has 
evolved a new technique of micro- analysis for 
determining extremely minute quantities of 
chemical elements. Many of the heavier elements 
have radio-active isotopes which are cliemicaliy 
indistinguishable from them, but which make 
their presence known by their disintegration and 
are detectable by physical methods. The proposed 
method consists in adding to the solution of the 
element, a small amount of radio-active clement 
with wliich it is isotopic. The mixture is chemi- 
cally inseparable, yet the amount of radio-active 
disintegration detectable is a measure of the 
conconti-ation of the inert element. “If now a 
fraclion of the element is removed from the 
solution by precipitation or electro-deposition, 
the same portion of the radio clement is simultane- 
ously removed ; the radio element thus acts as an 
indicator of the inactive element.” 

Ht * ♦ 

Enzymic defojice against Cancer. — The possibility 
of treating cancer by artificially stimulating 
the enzyme activity of an organ in order to 
aid the natural defensive niechanisru of the 
body has been foreshadowed by the work 
of Dr. hi. F. Schroedcr and Dr. Elbe” MiacDonald 
of the Dancer Besearch Ijaboratories of the Uni- 
versity of Pennsylvania. Arginase occurs in large 
quantities in the turnourous tissue and is closelj'- 
associated with rapid growfli procc.sses ; at tlie 
same time tho arginase normally present in the 
liver decreases as tho. tumour grows. The con- 
centrations of two other enzymes in the tumour — 
cathep.sin and pliosphatase — on tho other hand, 
diminish as tlie cancerous growth becomes more 
necrotic. Pliosphataso, in particular, is found in 
high concentrations in tlio kidneys of I'ats resis- 
tant to cancer. “The implanted cancer tissue 
might liberate into the blood st.rt'arn certain 
enzyme activators or stimuli, wliich would cause 
other organs to respond by sc'tting up a defensive 
median isin in the foian of increased enzyme 
activity. Jf the stimulus is sufTicient the animal 
may tlirow off the cancer; if not the cancer 
grows, bbiis opens an interesting field in tlie 
jiossibility of artificially stimulating enzyme 
activity of an organ as a defence against further 
growth of tlie cancer.” 

* >i< 

Air Conditioning. — Dr. M'oscicki, one of the 
most eminent chemists in Poland and Pr(‘sident 
of the Kepublic, has iii.v(mted a device whereby 
the air of sick rooms may be conditioned so as to 
simulate tliat of a mountain resort. He has 
succeeded in reaching his objective of greater 
purity, a higher percentage of ultraviolet rays, 
a greater degree of ionisation, and a lower atmos- 
pheric pressure together with the introduction of 
small amounts of ozone {Tnd. Eng. Chem., Neivs 
Edition, 193-1, 12, 317). 

♦ ♦ 3K 

A New Colour Exhibit hi the Amer ican Museum . — 
According to a report in the Natural Tiistory 
(1934,34, 5S9) an interesting colour exhibit of 
special intere.st to naturalists has been arranged 
in the Plall of Reptiles of the American Museum. 
Tlie exhibit includes living specimens showing 
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three types of colour mutations, a bright yellow 
variety of the common pond frog, a black 
melanistic form of the garter snake, and a red 
variation of the chicken snake. By way of 
comparison a normal specimen of each species 
is also included. 

The green colour of the normal pond frog is due 
to a reflection phenomenon. The rays reflected 
by certain guanine-containing cells backed by 
black pigments, pass through a filter of oil- 
containing cells thus imparting a green appearance 
to the skin. The yellow “sport” lacks the black 
pigment cells and the consequence is that the 
short light waves are not reflected back through 
the yellow filter, the skin therefore appears yellow, 
not green. Mutations or germinal changes are 
the first stages in the formation of new species 
and the various colour “Sports” are of special 
interest to the naturalist. 

♦ :)< * 

Bombay Government Fishery Scheme . — In our 
issue for November 1983 (“ Science News”, p. 184) 
attention was directed to the steps taken by the 
Government of Bombay, in pursuance of the re- 
commendations made in Mr. H. T. Sorley ’s Report, 
to improve the supply of fish to the city of 
Bombay by introducing a system of transporting 
fish from the fishing grounds to the city by motor 
launches. It will be learnt with considerable 
satisfaction that the scheme has proved useful and 
that within one year the Government has already 
launched a third motor vessel in connection with 
the scheme. It is also learnt that enquiries are 
being made by the local fishermen regarding the 
feasibility and cost of converting ordinary fishing 
crafts into power boats. It may, therefore, be 
presumed that the local fishermen are beginning to 
realise the benefit to their trade by the adoption 
of rapid and modern forms of transport. The 
progress of the small beginning made by Bombay 
in improving its fish trade should be w^atched with 
keen interest by other parts of India, especially 
Bengal and Madras, where primitive transport 
methods are still employed, in spite of an increas- 
ing demand for fish and a consequent rise in prices. 

It is not yet fully realised that Fishery Industry 
is next only to Agriculture in this country. To 
relieve the distressing poverty of the masses and 
to improve their diet, it is absolutely essential to 
develop the fishery resources of India along 
scientific lines at an early date as was pointed by 
us in the October issue of 1933. 

* sH 

Report of the Zoological Survey of India.— h. 
copy of the report of the wmrking of the 
Zoological Survey of India for the years 1929-32 
has been received by us. The Survey which is 
associated with tlie Indian Museum is the premier 
Zoological institution in India and has a library 
which is one of the largest in the East. The 
report sets forth the scientific activities of the 
Survey both in the field and in the laboratory, 
the papers that were published by the staff in the 
journals of the Museum and gives a general idea 
of the working of the Institution. A number of 
original contributions were made by the staff and 
research workers of the Survey and were pub- 
lished in the Records and the Memoirs of the 
Indian Museum and other journals. The recent 
retrenchment effected in the contribution of the 
Government to the Survey has crippled its 
resources considerably and has resulted in 


seriously hampering the good work that the 
Survey has been doing. 

5»s sic Jfs 

Report of the Building Research Board for the 
year 1933, H. M. Stationery Office.— The report 
comprises a general review .of the activities of the 
Building Research Board during the year 1933 
and a detailed account by the Director of Building 
Research of the progress of numerous investigations 
that are being carried out at the Building 
Research Station. Architects, Builders and 
Surveyors are finding the Annual Reports of the 
Building Research Board a valuable means of 
keeping abreast wdth progress in building research. 
An important section of the report deals with 
problems of practical interest submitted to the 
Station during the year. 

H: ‘ * sic 

The appointment of Mr. J. C. Fernandes as 
Agricultural Tecbnicist to the Government of 
Mozambique, Portuguese East Africa, is announc- 
ed. He was a student of the Poona Agricultural 
College, and was Principal of the Government 
-Agricultural School, Sanguem, Goa. 

3|C ^ ^ 

Mr. R, K. Bhide, Economic Botanist to 
H. E. H. the Nizam’s Government, retired in 
March 1034 after 6 years of service. “He entered 
the service of the Nizam after retiring as Crop 
Botanist to the Government of Bombay. His 
mature experience helped him to organize crop 
improvement work in Hyderabad along modern 
lines. He worked primarily on rice and castor. 
Strains of rice evolved by liim are popular and are 
spreading in the State. In the 1934 Science 
Congress at Bombay he participated in the 
Symposium on Plant Genetics contributing a 
paper on ‘Recent Advances in Breeding Castor’. 
He was a trained artist and a veteran plant-breeder, 
who retires at 61 years of age to a well-earned 
rest. 

* * * 

Sixth Inlernatioyial Congress for Scientific 

Management . — The meetings of the Sixth Inter- 
national Congress for Scientific Management, 

which wall take place in London from July 15th 
to July 20th, 1935, will be held at the Central 
Hall, Westminster, and in the Halls of the 

Institution of Civil Engineers and of the Insti- 
tution of Mechanical Engineers. 

It is the purpose of the Congress as a whole to 
obtain papers and discussion of i^ractical appli- 
cations of scientific management in all its phases. 
References to actual technique wdll relate to 
specific problems and how they have been met. 

Another aim of the organisers of the Congress is 
to i^rovide opportunities for members to meet, in 
an informal way, people from other countries 
interested in the same problems as themselves, 
and this will be a marked feature of the organi- 
sation. The Congress wdll appeal to all those 
holding managerial positions in any phase of our 
national life, but it is a further object of the 
Congress to arouse a moi-e public interest in the 
subject of management. 

Previous Conferences have been held in Amster- 
dam (1932), Paris (1929), Rome (1927), Brussels 
(1925) and Prague (1924), but never before in 
Britain. More than two thousand members were 
enrolled for the Paris Congress, and it is expected 
that at the Conference in London . next year this 
number will be exceeded. 
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Full particulars in regard to the_ arrangements 
for the Congress may be obtained irom the 
Secretarv, Sixth International Congress of Scienti- 
fic Management, 21, Tothill Eondon, 

S. \y. 1 [The Journal of the Royal Society of Arts, 
1931. 82, Xo. 1265). 


* * * 

Fourth Silvicultural Conference. — In the week 
October 2Sth to November 3rd a meeting of 
Forest Officers from all parts of India was held to 
discuss Silvicultural matters., particularly from 
the point of view of research. Over thirty delegates 
were nominated representing all provinces as well 
as Indian States with extensive forest interests. 
Tiie last conference was held in 1929 when Kash- 
mir was the only State represented, but this time 
Travancore, Mysore, Hyderabad (Deccan) and 
Chamba Tehri also sent delegates. The Agenda 
were mainly based on those of the last conference, 
progress made in giving effect to the resolutions 
then passed being reported and further develop- 
ments discussed. Important among the items are 
methods of research in tropical evergreen forests, 
the significance of local races of species extensively 
planted such as teak, forest grazing, and the 
preservation in perpetuity of selected forest areas. 
Special attention was also given to soil problems 
and ecological investigations in their bearing on 
forestry. 


* 


Presentation of Papers before Scientific 
dieef/nys.— We are quoting below the suggestions 
made by the Group of Divisional Officers of the 
American Chemical Society (C/., Ind. Eng. Chem., 
Xeu's Edn., 1934:, 12, 300} for the effective presen- 
tation of papers by authors before scientific 
meetings convened for the purpose of reporting 
and discussing research work. B.epeated criticisms 
levelled against the method of preparation of 
papers are generally valid and it is hoped that by 
observing the suggestions, the authors would 
materially assist in improving the scientific value 
of the meetings. 

1. Arrangement of illafcriaf.— Manuscripts as 
prepared for publication are seldom suitable for 
oral presentation. The paper should convey 
clearly to the hearer: (a) the purpose of the work, 
(b) the experimental method, (c) the results 
obtained, and (d) conclusions. The nature 
of the material and the time available for 
presentation will determine the degree of empha- 
sis to be placed on each sub-division. The author 
should make certain by trial against his w^atch 
that the essential points can be adecmatelv 
presented in the time allotted to the paper. 

2. Statement of Purpose.— Orient the audience 
clearly ^ to the nature and purpose of the work. 
A lengthy historical review is generally out of 


experimental 

method employed SO as to indicate the principles 
mi olved. Omit details of apparatus or procedure 

nW* a particularly novel develop- 

ment. Such data may be included in the puL 
hshed paper but will bore vour audience ^ 
i- A'latemeni of SesuUs'.— Present the results 
diagrams. Lantern 
chorfc elearly seen than hand-drawn 

f-> ^4- 1 < should be of standard size 

X4 mches) and should project clearlv on the 
screen. Regardless of who has made the charts 


or slides, try them from the point of vicwv of the 
audience before presenting them at the meeting. 
Do not read tables, a ])rocediire which wash's 
time and destroys interest but point out the 
general trend of the data. 

5. Conclusions . — Summarise tlie evidcmci? and 
discuss the importance of the results or conelii- 
sions to the particular fiedd of researcdi involved. 

6. Maiincr of PresenUdioti. ---Vo not read from 
a manuscript verbatim. Talk directly to your 
audience in a clear, loud voice. Do not face hla.ck- 
board or screen while s])ea.king. Articulate 
distinctly. 

« 

The Microid Physical /S'er/e.s-.— ~M(\ssrs . (iriflin 
&; Tatlock, Ltd., wiidi a re])utati(m of over one 
century as makers of scientilic instuanneut s, iuive 
recently put on the mark<‘.t a whoh^ range of 
physical apparatus incorporating S(‘vera.l inqu-ovts 
inents in technique'. They a, re a,diuirably 
adopted for the demonstration of ])hysiral 
principles, and have aroused keen and widtvspread 
interest among those wlio lia,ve se(‘n a,nd t ested 
them. 

The second edition of their cataloguii No. 1 15 x, 
illustrates a si.dection of a.j>pa,ratus sni(.e<l for 
demonstrating physical principles which should 
prove invaluable to progu'ssive. (‘duca.t.ional 
institutions. Each appa,ratus is illiisirat-ccl and 
described separately and experimental noi.es a.U' 
provided. Those mterestt.nl may a.ddiu'ss (uupiirirs 
to their Indian Agents, J35, (dive. .Buildings, P. 0. 
Box No. 2130, Calcutta,. 

♦ ♦ 

New Carl Zeiss Quartz Spectrograph. As a 
result of many years’ expcn-inumls* Messrs. Z<‘isH 
have now put on the nuuket tludr a,II-m(*(nI 
Quartz Spectrograph (Qu) 21”. The inst-nmnnit 
is of extremely attractive^ design and coni])h‘( (dy 
enclosed. The si)ectruTn can bi^ phoi.(>grf)i]>h(‘(l 
over the wdiole range from 2000 j\ to oSdO ^ 
special importance having h(Mm attaclu'd to goeid 
definition of the lines in the re'gion Ixdave'en 20(:{)\ 
and the short wave end of the? visihh' speeda unt. 
The total length of speud rum is a.l)(ni(i 230 mm. on 
the 24x6 cm. plate. In ordi'r to <‘na.h]e ,sc‘iiuitisj-.s 
in India to examine this s[)(udir<)gra])h M<‘ssrs. 
Adair ,Dutt & Co., Ltd., will, a.s i.hey infoiau us, 
exhibit the instrumcnli diu-ing ilui imxl. StdcuuM? 
Congress Exhibition in (dihuitia.. \V(‘ do lud, 
doubt that a largo namlxu* of our i'(‘a(l(‘rs will hr 
interested in this product of a. woidd-iumowuml 
firm. 

♦ ii* 

We acknowledge with thiinks th«* receipt of tlu'. 
following.— 


•Actualites Scientinques ot Indusi ri<dl(»s ” 
Nos. 13.1, 137, 142, 161. 

‘•■Journal of Agriculture and Livcs(.o(dv in 
India,” Vol. IV, l>t. Y, 

“Journal of the Annamalai Cniv<‘rsi(v” 
Vol. Ill, No. 2, October 10,34. 

“The Biochemical Journal,” Vol. 28, No. 4. 
“American Journal of Botany,” Vol. 21, No. 8. 

Indian Botanical Hoci<d.Y 

Vol. 13, No. 2. 


“Canadian Journal of Bcscarch,” Vol. 11, 
Nos. 2 & 3. 

“Chemical Age,” Vol. 31, Nos. 795-798. 

® Deutschen Ohcmischen Ge.solls- 
chaft,” Vol. 67, No. 10. 
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“Experimental Station Record,” Vol. 69, 
Index Number. 

“ Educational India,” Yol. I, No. 4. 

“ Indian Forester,” Vol. LX, No. 11. 

“ Forschungen und Fortschritte,” .Tahrgang, 
10, Nos. 2S-29. 

“ Indian Forest Records,” Vol. 20, No. 11 (Back 
Numbers Vol. 17, Pts. 1, 9 & 10 ; Vol. 18, Pts. 
1-8, 13). 

“ Report on Cocoanut Enquiry in India,” by 
Dr. J. S. Patel. Imperial Council of Agricultural 
Research. (Govt, of India Publication.) 

“ MedicO'Surgical Suggestions,” Vol. 3. No. 10. 
“Nature,” Vol. 134, Nos. 3386—3389. 

“ Natural History,” October 1934. 

“ Journal of Nutrition,” Vol. S, No. 3. 

“ Journal of Chemical Physics,” Vol. 2, No. 10. 
Records of Indian Museum,” Vol. 36, 


Pb. II. Report on a Collection of Cestodes from 
Lucknow, by L. N. Johri, Vol. 37. Pt. II, on 
Termatodes from Wild Ducks in Rangoon, by 
B. S. Gogate. 

“ Science Progress,” Vol. 29, No. 14. 

“Review of Scientific Instruments,” Vol. 5, 
No. 9. 

“ The Indian Trade Journal,” Vol. CXIV, 
Nos. 147S, 14S0. 

“ Indian .Journal of Veterinary Science and 
Animal Husbandry,” Vol. 4, Pt. 3, Sept. 1034. 

“ Arkiv for Zoologi,” Band 26, Haftes, 3 and 4. 

“Coffee in 1931 and 1932 ” — Economic and 
Technical Aspects. Issued by the International 
Institute of Agriculture, Rome. 

“Forest Research in India, 1933-34,” Pt. I. 
Issued by the Forest Research Institute, Dehra 
Dun. 


Reviews. 


ACTUALITES SCIENTIFIQUES ET INDUSTRI- 
ELLES. (Hermann et eie, Editeurs; Paris, 
1934. ISTos. 115, 116, 141 and 162.) 

The first three numbers belong to the 

Exposes d’Astronomie Stellaire series and 
the last to the Exposes de Physique Mold- 
culaire ” series. 

1. No. (115). Histoire de V Astronomie 
stellaire jusqtda V epoque eontemporainej par 
H. Mineur (pp. 1-57). 

This is the first of the series relating to 
topics on Stellar Astronomy and is meant to 
be a historical introduction. The author 
has very wisely confined himself to the statis- 
tical portion of Stellar Astronomy dealing 
with movements and distribution, leaving 
Stellar Physics to be dealt with under another 
series. Even with this limitation the subject 
is so vast that success in presenting a clear 
and comprehensive exposition must be really 
considered an achievement. The author who, 
along with Oort and Lindblad, has done 
distinguished work on the subject of the 
rotation of the Galaxy has been eminently 
successful in presenting such an exposition in 
the short space of fifty-seven pages. The 
author’s aim has been not to give a mere 
chronicle of dates or a catalogue of figures 
but to present ^‘Tetat actuel de la science, 
ses methodes et ses documents The amount 
of information contained in and the variety 
of topics treated by this little book are truly 
astonishing. The author even finds space to 
present a clear account of the activities of 
the I. A. Y. and it is interesting to read in 
this connection that Dans les votes admini- 
strates, chaque pays a un nombre de voix 
proportiounel ^ sa population^ mais dans les 


votes sur les questions scientifiques, chaque 
astronorne present dispose de sa voix”. 

On account of the vastness and rapid 
growth of the subject it would naturally be 
easy to pick out here and there a few topics 
not treated by the author. It might thus be 
pointed out that mention is nowhere made 
in the book of novae and planetary nebulae, 
but perhaps the author thought that these 
are not of much statistical significance 
although important from the point of view 
of stellar evolution according to Milne’s 
theory. In dealing with Shapely’s cosmolo- 
gical scheme of snpergalaxies and meta- 
galaxies mention could have been made of 
estimates relating to the size of the galaxy 
and how the trend of recent work in this 
connection (see, for example, Plaskett & 
Pearce, M.N.R.A.S., June 1934) is towards a 
reversion to Shapley’s original ideas. Again, 
the work of Kapetyn and Stromberg on star 
streaming is given in bald outline without 
any attempt at clothing it with the flesh and 
blood of the relevant theory. 

It must be admitted, however, that these 
are all trivial lacunae in art otherwise excel- 
lent book which is so modern in outlook. 
The book contains two excellent photographs 
of Kapetyn and Shapley and other maps 
locating the important observatories of the 
world. One would have liked to see also a 
photograph of Herschel who is justly consi- 
dered the father of Stellar Astronomy. A 
striking feature of the book is the original 
idea of the author of indicating the progress 
of astronomy during the centuries by means 
of a number of graphs in which the abscissa 
are the dates and the ordinates are the 
logarithms respectively of the number of 
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catalo<^uecl stars, number of proper motions 
.ierermined, radial velocities, measured paral- 
laxes and known variable stars at each epoeli. 

l Yo 116). Ele'menis de sLatisque Matlie- 
matiques, par H. Mineur (pp. 1 to 40). 

previous volume serves as a 
o-eneral introduction to statistical astronomy, 
the present one is intended to be a sort of 
matliematical introduction. While there is 
nothing in this book which would be new to 
a professional statistician, it is bound to be 
of the liigliest value to workers in stellar 
statistics and in other experimental sciences 
where mathematical statistics is applied. 
This is in fact the aim of the book and by 
the choice of particular examples from astro- 
nomical topics like stars of different absolute 
magnitudes and the correlation between 
spectral type and absolute magnitude, the 
author has succeeded in making the subject 
very intelligible. We only wish that there 
were more examples of this type especially 
in the later part of the book dealing with 
the characteristic function of a law of distri- 
bution and the application to integral equa- 
tions. A specific example, chosen for 
example, from Seare’s work on the density 
and luminosity functions would have added 
greatly to the clarity of exposition. The 
author’s remark on the use and abuse of the 
law of Gauss, viz.^ •• La loi de Gauss ne doit 
etre utilisee comnie un moyen que si elle est 
applicable an probleme etudie, mais rien 
a priori ne doit faire admettre qu’une loi do 
repartition inconnue est une loi de Gauss. 
L’oubli de cette remarque, pourtant si ele- 
mentaire, pourrait conduire a des resultats 
sans valeur ” deserves to be widely known. 
The representation of a distribution by the 
sum of two Gaussian laws and an application 
of this to a particular case met with in stellar 
movements are particularly well treated. 

It is perhaps true that the information 
contained in this hook may not be sufficient 
to workers in statistical astronomy, but there 
is no doubt that it is necessary and indispens- 
able. 

3. (A 0 . 141). 'Photographie Stellaire, par IT. 
Mineur (pp. 1-67). 

The two previous numbers of the series 
were more or less of a general nature : but in 
this volume the author considers the definite 
problem of explaining the methods of stellar 
photography for the determination of the 
positions and magnitudes of stars. Deter- 
mination of stellar positions by photography 
covers less than one- third of the book and 
contains the usual methods of calculation of 


the constants of a plate and the reduction 
to celestial coordinates. There is, in addi- 
tion, valuable information regarding practical 
details of stellar pliotography a-nd stellar 
images. 

The remaining two-thirds of tli(^> hook 
dealing with stellar photometry is easily one 
of the best connected accounts of the subject 
which the reviev^cr has soon (explained in 
such a sliort space. Visual photonitda-y is 
first dealt with very brielly a.n(l iiufiudes 
Pickering’s meridian photometry culiuinating 
in the Kevisetl Harvard Pliotome.try and 
mention is also made of several eatalogiies of 
visual magnitudes, specially tlie Poimor 
Durchmusteriing. The fuiubamimtail me.tliods 
of photographic pliotoinetry, like the method 
of comparison with a striuence and other 
methods depending on the prodindnon of 
stellar images with known dilTenuice of 
magnitudes, are tlien explained. A study is 
then made of specially important sefpienees 
like the north polar sequeinus Kapetyirs 
selected Areas and the .Harva.rd s(M|uenees of 
Miss Leawitt. Mention is next niadci of the 
important photometric catalogings. A very 
interesting calculation of the limiting magni- 
tude of a star visible in an inst.rumeni; is 
given and is perliaps duo to the aul.lior him- 
self. The book ends with a short ac(‘.ouiit 
of the method of extrafocal images and tlie 
ocular circle. 

A rather significant omission notic.ed is the 
photometry of uebuUe, galactii*. and (uitra- 
galatic. The photometry of extra-galatic 
nebulm has received a good diuil of Uittmition 
in recent years principally from tlie poinl; of 
view of the integrated magnitud(‘.s, visual 
and stellar. But it is perhaps unfair to ask 
for more when the author has given so much 
of excellent and up-to date information. 
For any one who wants to study stidlar 
photography and ‘^know what it all means” 
there is no better book that; ca.n be ri'.c.om- 
mended. A list of contents and a short indi^x 
would have added greatly to th(^ valui*. of 
the book. 

4. {No. 162). Travaux rcccnts stir les mole- 
cules daus le soleil, les planUrs cl Ics PJtolleSj 
par P. Swings (pp. 1-44). 

This book, which belongs to the smaes of 
monographs on molecular physics, is a natural 
sequel to the author’s previous book in the 
Atualite series ISTo. 50 entitled Les bandcs 
moleculaires dans les spectres stellaires”. 
This appears to be the reason why one does 
not find here a treatment of tlie general 
theory of the subject involving principles 
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and teclinique. It consists of a connected 
account of recent work done in this field 
mainly between 1932 and 1931 and presents 
information properly ‘‘baked and cooked 
and served hot from the oven'h Molecular 
bands in the solar spectrum cover four pages, 
spectra of planets about five pages and the 
rest is devoted to stars on the main sequence 
of classes F-Gr-K-S-M. A very clear account 
of the work on Carbon stars, specially the 
work of Eosenfeld and Wurm is given in a 
separate section. Mention is made in this 
connection of an interesting application of 
Schrodinger’s wave functions to determine 
the relative intensities of bands of different 
groups in the spectra ot C, and CN. The 
book ends with an exposition of the very 
recent memoir of IT. IsT. Eussel (Aslrophysi- 
cal Journal^ April 1931, p. 317) on molecules 
in the sun and the stars. The results of this 
memoir are compared with the earlier work 
of Eosenfeld and shown to be an improve- 
ment on it. 

The book contains a table of contents and 
a very valuable bibliography. It should be 
indispensable to workers in this field giving 
as it does a coherent summary of all the 
memoirs included in the bibliography. 

B. S. M. 

^ :|< 

Ions, Electrons and Ionising Eadiations. 
By J. A. Crowther. (Edward Arnold & Co., 
London. Sixth Edition, pp. xii-f 310, 1931.) 
Price 125. Qd. net. 

The popularity of this well-known text- 
book is amply evidenced by the appearance 
of the sixth edition. Although larger text- 
books have now appeared, the book still 
fulfils a want and that well : it provides an 
introduction to the modern advances in phy- 
sics that is at once simple, comprehensive 
and free from abstruse mathematics. The 
new edition is an improvement upon the last 
which appeared in 1929 : two new chapters on 
“17eutrons, Positrons and Cosmic Eadiation” 
and “The Structure of the Nucleus’' have 
been added. The value of the book is 
enhanced by a set of problems at the end. 
The rest of the book has also been revised 
and many parts re-written and re-arranged, 
while a number of sections has been omitted 
as no longer interesting. Amongst the new 
information added all controversial points 
are left out as they ought to be, but the 
advantage of assuming only neutrons and 
protons with a-particles but no free electrons 
in the nucleus from the point of view of the 
mass defect curve might have been described. 


An account of induced Eadioacti vity 
discovered by Curie and Joliot and extensi- 
vely studied by Fermi and his co-workers 
might also have been given. Among the 
excisions we should have liked a few de- 
scriptions of exfierimental work to have been 
retained such as Langevin’s method of 
finding the mobility of ions, or Townsend’s 
experiments on the determination of the 
electronic charge, since they are instructive 
and interesting from a historical point of 
view. Apart from these minor details, the 
book in its new form gives an up-to-date 
account ol most of the important fields of 
modern pliysical research and may be warmly 
recommended to all those who are beginning 
a serious study of modern physics after a 
tolerably good acquaintance with classical 
physics. 


Perkin and Kipping’s Organic Chemistry. 
Parts I, II and III. By F. S. Kipping and 
F. B. Kipping. (W. and E. Chambers, 
London.) Parts I and II in one volume, 
614 pp. reprinted in 1933. Price Ss. 6d. 
Part III separate volume 615- 967 pp. 1st 
edition 1934. Price 65 . 

Parts I and II deal mainly with general 
systematic organic chemistry maintaining 
throughout a careful balance between 
theory and practice. The presentation and 
the scope of the subject are admirably adapt- 
ed to serve as a very useful text-book for 
students preparing for a pass degree exami- 
nation. Some of the subject-matter in 
small type and also the chapters XXXVII- 
XL as suggested by the authors are to be 
omitted from the pass degree course. The 
volum.e gives in detail the preparation of 
about eighty compounds many of which are 
ordinarily prepared by students during their 
course of practical work and as such avoids 
the necessity for buying a separate text- 
book of practical organic chemistry. The 
numerous editions undergone by this text- 
book during the past forty years speak for 
its continued popularity as an admirably 
adapted text-book. However, for students 
preparing for an Honours degree the matter 
is inadequate and necessitates supplementa- 
tion. The authors will do well to adapt 
these two parts for pass course only and 
for such an adaptation the following altera- 
tions are suggested : — The Chapters XXXVI 
to XXXIX both inclusive might be con- 
densed into one chapter under the heading 
‘Important components of animals and 
plants’ and treat in a very elementary 
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irianner alkaloids, terpencs, proteins, purine 
derivatives, pigments, vitarnins, etc., so 
That the student can have just an idea ot 
the scope and importance of the subject. 
The chapter on dyestuffs also is to be recast 
so as to give the student a mere outline of 
tlie nature and types of dyes and their 
variation in colour with structure. 

Part III which is recently written as a 
continuation of Parts I and II is intended 
mainly for students preparing for Honours 
decree examination. This part which deals 
with special and advanced topics like stereo- 
chemistry, electronic formula of organic 
compounds, terpenes, carbohydrates, etc., 
gives a very good description including the 
recent and up-to-date investigations. How- 
ever, as it stands the part is inadequate for 
the standard for which it is intended. To 
make the volume a really useful text-book 


for Honours course the authors will do well 
to effect the following changes. This volume 
may be divided into two parts the first 
dealing with general organic chemistry 
and the second with Natural products. 
Then the Chapters XLI— L and LVII— LXI 
will have to be included in Part I. Hetero- 
cyclic compounds are to be elaborated and 
chapters on synthetic dyes and drugs added. 
Part II will then include Chapters LI— LVI. 
The Chapter LYI is to be treated in a more 
elaborate manner under different heads, e,g , 
Plant Pigments, Vitamins, Hormones, Pro- 
teins, etc- Chapters on alkaloids and purine 
derivatives are to be added. With these 
alterations this volume becomes a very useful 
text-book for Honours course. 


H. S. J. 

^ ^ 


Nitrocellulose Ester Lacquers : Their 
C oMPOsrnox, Application and Uses. By 
Dr. Fritz Zimmer. Translated by H K 
Cameron, B.Sc., Ph.D., F.I.C. (Chapman & 
Hall. 246 pp.) Price ISs. 


Judging by the present state of Chemical 
Industry in India, it is doubtful if the 
production of modern Nitrocellulose Ester 
Lacquers will ever become a problem to her 
technical men ; but their application and 
uses are, as indicated in the book, so wide 
and growing so rapidly even in this country, 
that its study will greatly help the 
technician. 

The author is tlie chief chemist and 
technical director of a large paint works in 
Germany with a quarter of a century of 
experience in the held and has, as pointed 
out by the translator, produced an (‘.ss(3ntially 
practical book. It is diiricult to think of 
any work which gives siicli a condensed 
and vast amount of detailed- tcciniical 
information on the production, application 
and uses of the material described, namely, 
nitrocellulose ester lacquers. The manu- 
facture of nitrocellulose, the properties of sol- 
vents, diluents, plasticisers, gums and resins 
and pigments which go to make tlie linished 
lacquer are all dealt with in se(iuoniee and 
with thoroughness. The method of appli- 
cation and the various uses to wliicli they 
may be put are indicated. A desci'iption 
of plant used in the manufacture of tlie 
lacquer and various appliances uscmI in their 
application are also included. 

It would be ungrateful to comjilain where 
so much that is good has been offered ; but 
a comparative estimate of cellulose acctiito 
lacquers could well have • been included. 
An error in tlie structural formula of 
diacetone alcohol on p. 21 may also be 
corrected in a future edition. 

The publishers and tlio translator (h^servo 
to be thanked for putting such a valuable 
book in the hands of the English-riuiding* 
public. 

M. Kajagofalan. 


Errata. 


Vol. Ill, No. 4. 

Page 153,. column 2, line C from bottom, 
read " The Band Systems of CaOl ” for 
The Band Systems of CaCl, 

Page 151, column l, line i, read “CaCl” 
jor CaCl, 

Page 159, referring to the magnideations 


under the 

figures 4, 

5, 6, 7, 8, 9, 10. 

and 12. 


read 

X620 

for X .310 


X780 

„ X390 

J? 

X173 

„ XS6.5 ^ 


B. .N’. Sjitri, A.I.C., A.I.I.Sc. Aiyar, Superintendent, and Published by 

.Sc.,forfte Current Speace- Board pf Editors, India, Institute of Science. Hebbal Post. Btngalgre 
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Inland Fisheries in India. 

T he Statesman of Calcutta recently 
published a series of short articles on 
^‘Eisheries of. the Punjab” contributed 
by a correspondent. These articles dis- 
close an inside knowledge of the working 
of the Department ol Fisheries in the 
Punjab, and raise certain problems of such 
fundamental importance in regard to ins 
administration and scientific aspects, that 
we think it necessary in the interests of the 
fishing industry to invite public attention 
to them. 

Some twenty years ago when the Punjab 
Government organised the Fisheries Depart- 
ment, Mr, G. C. L. Howell, I.C.S., was 
placed in charge of its destinies. This 
appointment was in general conformity 
with the doctrine which all the governments 
used fondly to entertain (on the basis of the 
princi])les of facultative psychology), that 
a member of Civil Service is good enough 
for every conceivable branch of adminis- 
tration. The reason why a civilian is not 
appointed as head of the Cavendish 
Laboratory may, however, be found 
in the fact that it is not an earning depart- 
ment and its output is not immediately 
taxable. But in all industrial concerns 
Avhere a deep scientific knowledge and tech- 
nical training are indispensable for efficient 
and successful management of their affairs, 
Government assumes that the adminis- 
trative experience of its officers is more 
than tlieir equivalent. It is true that the 
general administrative officers possess alert- 
ness of mind, a comprehensive vision, tact, 
ability and application, but neither any one 
of these qualities nor all of them Logether 
will avail in the management of depart- 
ments in which an intensive scientific train- 
ing, technical experience, acquaintance with 
the methods of research and ability to 
initiate original investigations are required 
for making the concern a remunerative one ; 
knowledge of revenue collection and of the 
penal code must, at all times, be a poor sub- 
stitute for these qualities. The administrative 
duties in the fishery and agricultural depart- 
ments are considerable and responsible, and 
it .seems to us that the head of such depart- 
ments must also be a research worker him- 
self so as to be able to guide the laboratory 
work of his assistants, to assess their results 
and suggest problems for fresh investigations. 
Mpreoverj the administrative functions of 
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s*;ieiiriiic departments are not identical 
with tiiose of the general branches of 
£roreriinient. and a blank mind, which is 
nor often the supreme qualification of even 
a jiidieial officer, can never be an 
euuipinent for scientific posts. The prevail- 
ing practice of appointing civil officers as 
heads of technical and scientific depart-- 
ments is due to the fact that Govern- 
ment, which expends money on their organ- 
isation. desires to control their output, and 
no one is more competent to advise 
Government on the subject of prices and 
taxation than its civil servants. An 
industry, whose scientific problems are 
subjected to considerations of prices and 
taxation, must ultimately become as in- 
efficient as an industry that has no scientific 
problems. An industry without a civilian 
head to control its affairs is as blessed as a 
country which has no history. 

The correspondent of the Statesman 
suggests in the concluding piortion of his 
contribution that the research work on 
Fisheries in the Punjab should be closed 
down “until such time as adequate funds 
are available to place it on a proper footing, 
with a pisciculturist from Europe or Ame- 
rica at its head 'h This is just the kind of 
advice that a civilian administrator of 
scientific departments would, in a spirit 
of despair, tender to the government when 
its financial resources might temporarily be 
dislocated : but the viewpoint of a scient- 
ist: would precisely be the opposite. A 
time of economic depression is manifestly 
the psychological moment for the display 
of financial courage and technical skill, for 
if the lines of scientific investigation in the 
government industrial departments have 
been carefully planned with reference to 
the experimental and other environmental 
conditions, then it would be realised that 
the only protection against depression is 
more research. If the major industries such 
as agriculture,— and under their category 
we would also include pisciculture, — are 
ultimately to be depended upon for the 
restoration of financial stability, then the 
suggestion for the curtailment of research 
even as a provisional measure, would appear 
to be fatal to the best interests of govern- 
occasion (Cun\ ScL, 
Get. 1933) to comment on the subject of 
rescue on Fishery work while reviewing 
Mr borley s report on the Marine Fisheries 
of the Bombay Presidency, and we would 
repeat once more that if research work is 


entrusted to competent ixMvsons, tluni 
government will find it profitable to iuvn^st 
more funds in its promotion. Tin‘. pros- 
perity of any industrial organ isn.t. ion must 
depend upon continuous and n.n1:i(*ipu,t,()ry 
scientific research, and indnstin'al pi’ospt^rity 
implies the financial stability of go van-nnunit. 
In the existing scheme of cotnp<‘-t'it'i v(^. inter- 
nationalism, the advocacy of tin'-, jjolic.y of 
closing down research depn.r*tm(‘nt.s of 
government industries, such as is aid voe.al ed 
by the correspondent of tin* Slah'sniaii^ 
and Mr. Soiiey, can only be on 

the responsibility of placing ('.ouiitry 

in a state of pm’petual doptnnbmci^ on 
foreign products. 

The second proposal made by tln^ coi r(\s- 
pondent, viz.^ that a European or a-n Annnd- 
can pisciculturist ouglit to Ix^ n,{)p()iid.(‘.(l as 
head of the fisheries dcpaiduncmt in tlu'. 
Punjab betrays his ignorances on tins sul>j(;et 
of fisheries research in India. .An Anun’ic.au 
or European piscicultmlst may Ixs a very 
eminent scientist in liis own (‘-onntry, but 
in tlie widely dilTercnt conditions pr(‘v;iiling 
in the tropics, he will generally find Gial; lio 
has to unlearn a great part of his tra-ining 
and experience before lie can understand 
the complicated situation arising from t.lic! 
vagaries of tlie dry Indian <*limn,t<‘., tins 
rainfalls which obey no known law, tins 
little understood habits of fish<*s whicli still 
have to be studied more intdmaldy, tlu». 
diverse customs and practices of tln^ (*.o*untry, 
the nature of the rivers and t-anks Uiiid t fn'i 
uses made of tlieir wallers for irrigalional 
purposes. In the case of all aq)p()in( immt-s 
of foreign scientists, a more or b^ss [)rolong- 
ed period of self-education in tbc’! <H>m})bVa-t.(Ml 
and unfamiliar local conditions miisl. n(‘(‘.(‘S- 
sarily precede the acquisition of any tiling 
like a clear grasp of tlio situal.ion a.nd 
the nature of Indian problmus. If tlnvst^. 
scientists are really capable num, t.ln^y ma y 
begin to gatlier expericnco of lisinny work 
in the tropics during tlie probiit.iona.ry p(‘,ri()d 
and start on some useful linos of sc.i(ml.ilu‘. 
investigation, otherwise they di-ift into tlu^ 
administrative branches of tlioir d(‘[>ii,rt.nKm t. 
In fact, it has been a singular inisfortum^. of 
the Fishery Eesearches in Ind ia, t.lmt, a.ft(u‘ 
Francis Day, persons, without c.omjxdeuh 
knowledge and experience of the peimliar 
local conditions, have been iij)point(xl in 
inost of the provinces, with tdie result that 
their efforts have been always unsiitisfac- 
tory. bo far in the Punjab tliore Imve been 
t-wo directors of the department, but ncitlier 
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ol them could claim to possess any scientific 
training or previous experience of fishery 
work, and accordingly they attended only 
to the administrative aspect of their work 
to the detriment of the more important 
side of scientific enquiries. The depart- 
ment needs the scientific atmosphere and 
inspiration for the junior workers, and 
they can be provided only by the unbounded 
zeal of the head of the department who 
must be an intrepid research worker him- 
self. 

The Department of Fisheries in the Punjab 
at the time it was established set out to 
achieve a three-fold object, viz., to conserve 
all the species of fish then held by the 
rivers and tanks through regulation of the 
methods of fishing and the abolition of 
uneconomic and wasteful devices adopted 
by the fishermen ; to discover the habits 
and life-histories of the more important 
forms with a view to breeding them in 
captivity ; and to attend to the interests of 
the fishermen castes and to bring back 
many to the trades of their forefathers. 
These are simple propositions and of these 
the second only is scientific, capable of 
being accomplished by a steady pursuit of 
the subject. According to the correspon- 
dent of the /^talesman when a research 
officer was appointed in 1920, ‘‘it was con- 
fidently lioped that this branch would 
develop, but fourteen years have elapsed 
and except that he has been accommodated 
where he has access to a fine laboratory, 
research as such is no further advanced.” 
The research officer alluded to is a young 
inexperienced graduate of the Punjab Uni- 
versity, and he was expected to work mira- 
cles, without special training and necessary 
guidance by the head of the department. 
If the Fisheries Department of the Punjab 
was unable to discover the general habits 
and life-history of the carp (Labeo rohiLa) 
in order to stock the rivers of the province, 
the blame attaches to the defective planning 
of the department. We have no hesitation 
in maintaining that the official head of the 
department must be a scientist, posse.ssing 
competent knowledge and training and 
capable of conducting original investiga- 
tions himself and directing those of his 
subordinates. The post ought not to be 
offered to civilians whose interest in the 
development of the scientific sections can- 
not be expected to be more than academic ; 
and it is uncharitable to require them to 
guide researches for which they possess 


neither adequate knowledge nor previous 
training. 

According to the testimony of the writer 
in the Statesman the Fisheries Depart- 
ment has achieved a certain measure of 
success in reclaiming those fishermen whom 
the system of begar (labour for government 
servants without remuneration) had driven 
to basket- making. This is certainly a great 
departmental achievement. But it must be 
remembered that the system of begar, in any 
event, is bound to become obsolete on 
account of the spread of education and the 
growth of political consciousness. Will the 
suppression of unremunerated labour by 
official authority and police vigilance keep 
the fishermen to the profession of their 
forefathers'? The reports of the Bombay 
and Madras Fisheries departments deplore 
tlie increasing tendency of fishermen to take 
to more lucrative professions in consider- 
able numbers, and this is only part of the 
universal phenomenon of the defection of 
industrial communities from their traditional 
occupations. This is due to two causes. In 
the first place the doctrine of proportional, 
representation in government appointment^ 
and local bodies and legislative chambers 
has stimulated the competitive ambitiops of 
every section of population to acquire,. and; 
exercise political and administrative author 
rity. Perhaps, the second cause must he 
the discovery, that the education that is 
imparted to the children of the industrial 
people, has no relation to their occupati^o-nal 
activities, but tends only to produce a 
decided aversion for them. More tiian uli 
these, the rapid industrialisation of the 
urban areas, must, by the offer of higher 
wages, deplete the villages, whose popu-. 
lation once drawn into the welter of distrac- 
tions of the cities is permanently lost to 
rural occupations. Fishermen are not 
saints. To enable them to pursue , their 
traditional profession in happiness, peace, 
and contentment, to make them realise that 
an intensive and scientific cultivation of 
their industry will bring them increasing 
prosperity and political power, and to 
induce them to take a legitimate pride in 
their descent from Peter and John, are 
problems of such magnitude and importance 
that, in the successful solution of. .at least 
some of them, the head of the ..Punjab 
Fisheries Department might reasonably take 
pride, but assuredly not in the suppression 
of the begar system. - . 

Eegarding the scientific work of the 
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Fisheries Department we read in the Htates- 
man that efforts to breed the indigenous 
fish of the country ended in a failure'’ and 
the next paragrapli opens with the sentence 
‘Hlie only direction in which the depart- 
ment could point to with some pride was 
the introduction of the trout”. If the 
cultivation of this foreign species is thriving 
in the streams of the Punjab Hills, the 
department is, however, unable to account 
for its success. Besides, an act of this 
nature, manifestly undertaken in a. playful 
mood to gratify a whimsical curiosity, but 
not based on scientific prescience, is frauglit 
with intricate and numerous biological 
consequences. In Madras the experiment 
of trout breeding is proceeding, and the 
effects of successful cultivation of foreign 
species on the population of indigenous 
forms must be carefully watched. In our 
existing incomplete knowledge of the feeding 
and breeding habits of many of the local 
forms of fish, the introduction of foreign 
fiisli into their midst mdght possibly disturb 
the balance of life, and lead to the rapid 
diminution and ultimate extinction of the 
former. Any interference with the delicate 
adjustment of life in restricted areas by 
clumsy experiments, which are usually 
attended by disastrous results, is an act 
which few trained and experienced scientists 
would lightly undertake, and palpably it 
must be in the nature of a speculative 
adventure. 

The suggestions made by the corres- 
pondent in regard to tiie establishment of 
sanctuaries for the propagation of indi- 
genous fish deserve immediate public atten- 
tion and comments were made on this 
subject in Gurrenl Science {vide issue for 
July 1933). In the Punjab witli its network 
of rivers and canals, facilities for tlie 
creation of a number of sanctuaries exist, 
and the delay in the formulation of a 
scientific scheme for conservation and 
propagation of fish is unaccountable. The 
utilisation of river and tank waters largely 
for irrigation purposes must unfortunately 
have an adverse effect on the general habits 
of fishes, and in all irrigation projects, due 
attention should be paid to the needs of the 
fishery of the country. Dr. Francis Day has 
made valuable suggestions on this subject in 
his Keports on Fish and Fisheries of India, 
which are available to the heads of the 
Fisheries Department for consultation, and 
we have no doubt that many of them can, 
with a slight improvement, be adopted to 


suit the particular circumstances of the 
provinces. 

In his last note, the correspondent de- 
plores the fact that ^^on the retirement of the 
late Warden the post was abolished and 
Fisheries Department was placed directly 
under the Director of Agriculture as a 
separate entity.” It is to be remembered 
that in every civilised country, a combined 
Ministry of Agriculture and Fishery has been 
found to be a great advantage both as a 
measure of securing economy and unitary 
administrative control over the two indus- 
tries, whose problems cross one another in 
several ways. In India the political divi- 
sions, especially in the older Presidencies like 
Bombay and Madras, are far too extensive 
and varied in geographical features, to be 
brought under a unitary scientific or adminis- 
trative control. In Madras where a few 
years ago, higher education used to be 
directed by a single University, it is now 
under the management of five or six univer- 
sities, and we think that it would be 
advantageous to split eacli of the larger 
presidencies into at least two divisions for 
the purposes of developing tlie Agricultural 
and Fishery Departments. The first step in 
this much-needed decentralisation is to 
separate Marine Fisheries from Inland 
Fisheries. The latter is to be divided into 
two departments in conformity with a 
similar bifurcation of the Agricultural 
Dex)artment. They should then be put in 
administrative charge of one Director for 
each of the divisions, and the two depart- 
ments should be provided with a separate 
well-equipped laboratory under competent 
scientific stall. Fov the purpose of co- 
ordinating the results and the initiation of 
new problems in pisciculture, the creation of 
a new Central Bureau of Fishery B,csearch 
under the control of the Member of the 
Department of Education, Land and Public 
Health, becomes a matter of imperative 
necessity. Our considered opinion is that 
the establishment of this central scientific 
organisation is overdue. Early in Septem- 
ber, the Advisory Board of the Imperial 
Council of Agricultural Research held a 
prolonged discussion on the conditions of the 
Fisheries industry and the possibility of its 
development. It was generally agreed that 
there was great need for the apjpointment 
of an expert committee to investigate the 
question in all its aspects, and it was 
announced in the papers that the -Fisheries 
Committee would soon be instituted. It is 
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hoped that the terms of reference to the 
Committee, when established, will be suffi- 
ciently wide and elastic, so as to permit an 
exhaustive enquiry being undertaken. Those 
who have actually done research on fish and 
fisheries in India are few, and we liave no 
doubt that the wealth of knowledge and ex- 
perience accumulated by individual scientists 


will be found invaluable in conducting the 
enquiry by the Committee. We confidently 
hope that sufficient room will be found for 
experts on this proposed Committee whose 
proceedings will be followed with earnestness 
by the public, whose interest in the develop- 
ment of the food resources of the country is 
manifestly increasing. 


Some Recent Advances in Indian Geolog 

By W. D. West, 

Geological Survey o f India. 


3. The Geology of the Himalaya. 

"PvURiING the past ten years or so consi- 
derable progress has been made in our 
knowledge of the geology of the Himalaya, 
which has only served to show how compli- 
cated is the geology of this great range and 
how great is our ignorance of its real 
structure. During this period work by the 
Geological Survey of India has mainly been 
concentrated in two areas, the Isorth-West 
Himalaya in Hazara and Kashmir, and the 
Simla hills around Simla and Chakrata ; 
while in addition there have been several 
foreign expeditions to the Karakoram and 
neighbouring tracts beyond the Himalaya 
which have added something to our knoW' 
ledge of the geology of those parts. Thus 
in spite of large blanks still existing on the 
geological map of the Himalaya, largely 
accounted for by the inaccessibility of 
Kepal, the accumulating results of steady 
mapping are gradually providing a sure 
foundation on which may ultimately be 
built a complete synthesis of Himalayan 
geology. Theories of mountain structure 
based on our present incomplete knowledge 
of even one section of the Himalaya must 
necessarily be largely speculative. They 
arrive almost by every mail, and are fre- 
quently advanced by those whose acquaint- 
ance with Himalayan geology is by no 
means extensive. Perliaps of no part of 
Indian geology can one more truly say 
that the more one knows of it the more 
one realises how little one knows. The 
present policy of the Geological Survey is 
to concentrate its small available resources 
on two sections of the Himalaya, as 'stated 
above, in the belief that a sustained attack 
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on these two selected areas will yield more 
valuable knowledge of the geological struc- 
ture of the Himalaya as a whole than a 
larger number of smaller investigations 
spread over a wider area. The summary 
that follows, therefore, deals mostly with 
these two areas. In compiling it the writer 
is indebted to his colleague Mr. J. B. Auden 
for many fruitful discussions on the prob- 
lems raised therein. 

The Korth-West Himalaya. 

The most striking feature in the orogeny 
of the Korth-West Himalaya is the w^ay the 
strike of the mountains, after following an 
arcuate S.E. — K.W. direction for over 1,200 
miles from Assam to Kashmir, makes a 
great bend in Hazara, rapidly curving round 
through an B. — W. to a K. — S. direction, and 
producing thereby a great re-entrant angle 
in the alignment of the mountains between 
Abbottabad on the South-West and the 
Kashmir valley on the Korth-East. This 
bend is seen not only in the frontal ranges 
bordering the Indo-Gangetic alluvium, but 
is repeated in each successive range north- 
wards, culminating in the Pamir massif. 
Even this great mass shows the same trend 
lines, which are south-west on the west, 
equatorial through the Pamirs, and south- 
east on the east side, as first determined 
by D. L. Ivanow and subsequently con- 
firmed by Sir Henry Hayden.^ As regards 
the origin of this feature, it had previously 
been supposed by E. Suess in his great 
work ^ Das Antlitz der Brde ’ that the rapid 
change in the strike of the mountains was 
due to the meeting at an oblique angle of 
two mountain systems, the Himalaya and 
the Hindu Kush.- For this line of meeting 


^ Rec. Geol. Surv. hid., 1916, 45, 271. 
2 The Face of the Earth, 1904, 1, 422. 
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term 


scliaaruug’. which 


w"H'\ranslated b7 Sollas as ‘ syntaxis 
liie following quotation from the English 
edition gives liis conclusions : 

» Like two sliaUow streams of lava, or two 

fiow^ oKslao- runnino; side by side the waves of 
which as they cool come into syntaxis against 
floniline, now fusing completely together now 
en^aching on one another, so the chains of the 
Himalaya meet those of the Hindu Hush. 

He especially emphasised, liowever, the 
essential unity of the movements, and the 
unitv of structure of the whole. Quite 
recently D. N. Wadia’s work in the more 
southern portion of this syntaxial area has 
shown that both from a structural as well 
as from a stratigraphical point of view 
there is a complete continuity of Himalayan 
geology around this re-entrant, at any rate 
on its southern border, the structure and 
stratigraphy on the Hazara side of the 
syntaxis being the mirror image of the 
structure and stratigraphy on the Kashmir 
side, as originally pointed out by Middle- 
miss.^ Instead, therefore, of two directions 
of mountain movement having eonverged 
upon Hazara, the Hindu Kush from the 
north-west and the Himalaya from the 
north-east, as envisaged by Suess, Wadia 
concludes that there has been a single 
Himalayan movement from the north which 
has come up against some underground 
obstacle around which it has been forced 
to diverge. It is suggested by him that a 
tongue of the ancient and stable peninsular 
rocks extends upto the north-west beneath 
a covering of Kainozoic rocks, and that 
this has formed the obstacle to the folding 
movement coming from the north, so that 
the original north and south direction of 
movement has been resolved into aK.E.— 
S.W. direction in Kashmir, and a IST.W. — 
S.E. direction in Hazara. There still, 
however, remains the difficulty of explain- 
ing how the W.S.W. to E.K.E. direction 
of overthrust which is found on the south- 
west side of the syntaxis, in the neighbour- 
hood of Garhi Habibulla, can have origi- 
nated in a movement coming from the 
north. This latter problem was discussed 
briefly by J. W. Gregory, who suggested 
that the older supposed ^ Altaid ’ mass of 
the Safed Koh in the country west of 
Peshawar may have been responsible for 
this backward movement.^ Eecently D. 

" Rec. Ge^l. Surv. Ind., 1931 , 65, 189 and op. cH., 
1911,41,136-7. ^ 

4 The Sirucfure of Asia, 3 . 929 ^ 12 , 


Miisebketoff lias suggested that this ‘ Jhelum 
wedge as he calls the underground 
obstacle, has been a te(*.toni(i ir.atiirci of 
importance since Caledonian times, and 
has been responsible for a number of abnor- 
malities sucli as the N.N.VV. — direc- 
tion of the Ferghana ]*ange, whicli although 
of Kainozoic age runs at right angles to 
the main Himalayan trend lines on cither 
side.'"’ A complete understanding of the 
origin of tliis great oroginiie feaduro will 
probably have to await fnrtlun’ information 
concerning tlie strue.ture of tiie irimlu Ivusli, 
the Karakoram, tlie Pamirs, and the country 
north of the Pamirs. 

In tliat part of the syntaxial ar(‘a iuvesLi- 
gated by Wadia, thr(‘.e struetura,! elements 
are defined: (!) a ^ foreland’ consisting of 
a great thickness of mod(n‘at(dy folded 
Murree (Miocene; rocdcs, overlying tlio sup- 
posed tongue of Peninsular India; (2) a holt 
of autochthonous rocks thrust (the Murree 
thrust) against tlie foreland of Murrees, 
comprising rocks ranging in age from Car- 
boniferous to Eocene, but (‘consisting essen- 
tially of a recumbent fold of hloc^ene rocks, 
with a core of Pauijal tra,p ; and (8) a biappe’ 
zone of central Himalayaui n)(‘.ks, wh,i(di lias 
travelled far along a ncjirly horizontal tliriist 
plane (thoPanjal thrust), so as to lie with 
marked discordance sometimes upon the 
rocks of the autochthonous zone and some- 
times directly on tlu^ rocdcs of the forcdiind. 
This Kashmir ^ nappe as Wadia. calls it, is 
composed, in the .synta.xia.l a.rea, mostly of 
Dogra (==Attock) slaters a.nd tlu^. Salkliala 
series ( = Jutogh serievs of (.In^ Simla liills). 
The former are thought l.o ho lowest Camb- 
rian or oldei’, and Hu's h\.(.(:(‘.r Air/luean (see 
table below), tlie whoh^ ‘ na.ppe ’ being tli(3 
oldest part of the I riniala.ya.n gciosy nehne^. 
which has boon ov(n‘fo](l(^(l and travidlcd 
along a tlinist plains rna.ny miles from its 
original x>hice of (h^positiou. To the east of 
the syntaxial ai*ea,, and lying upon the top 
of the ^ nappe ’ in the form of a syiK'linal 
basin, and forming l.he iShaunsh Aba.ri moun- 
tains, tliere oc'.cui'S a thic.k seque.iH'.e of 
Palaeozoic rocks, irududing Eowen* Paheo- 
zoic, Devonian (Middi <(ua,i tzite), Ihinjal 
volcanic rocks a.nd Tria.s. The well-known 
Kashmir basin of sedinumtary rocdcs occupies 
a very similar position further (^.ast. In his 
most recent paper Wadia. lias dcvscribcul tlu^. 
sequence in this north-west part of Kashmir 


^ Sixteenth Internet. (U'ol. 6'.);///r. Hhcs’/i. , Abstract 
of Papers, 1933, 
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state." It differs from the sequence worked 
out by Middlemiss in south-east Kashmir in 
two ways : (1) it shows a full development 

of the Cambrian with a good triiobite fauna ; 
(2) it includes an extensive inid-Pakeozoic 
unconformity, there being a gap between 
the top of the Silurian and the middle of 
the Carboniferous, wliicli is not found in the 
r(‘.st of Kashmir or in Spiti. This new 
work is also of interest in sliowing a passage 
from the unfossiliferous slate series up into 
b(‘(ls bearing annelids and other organic 
remadns, and of these up into beds contain- 
ing t.rilobites and bracliiopods of Middle 
Cambrian affinities. Accoi’ding to P. It. C. 
IteiMl, neaily all the species are new, while 
ther(^ is little resemblance to the faunas of 
cori-esponding age in the Central Himalaya 
or northern China. . . . The Cambrian of 
the Salt range lias quite a different assem- 
blage of fossils.’’ It seems likely, tlierefore, 
that the Dogra Slates, whicli underlie these 
beds, are lower Cambrian or Parana in age. 
Ihit until fossils have been found in actual 
Attock, ]-)ogra, or Simla Slates, tlie age of 
these rocks must remain in doubt. 

before leaving tin's area mention must be 
made of the finding by Wadia of scratched 
boulders in the Tanakki conglomerate near 
Abbottabad, where it underlies the Infra- 
Trias limestone.' This find, together with 
his further observation that the Infra-Trias 
limestone is intei’bedded with the Agglo- 
meratic Slate in Korth Hazara, adds further 
strengtdi to the contention, hrst made by 
R. I). Oldham, that this conglomerate or 
boulder bed is homotaxial with the Talcliir 
ghudiil boulder bed, and therefore Upper 
Carbonifei’ous in age.'* 

An important paper recently published on 
the geology of Kashmir deals witli tlie 
researches of 0. S. Middlemiss and H. S. 
Bioti on tlie Agglomei-atic Slate series and the 
Panjal Trap, work that was in progress at 
the time of the outbreak of the Creat War.-’ 
Th(^. Agglomeratic Slate series occurs lying 
imriKuliately below tlie great scries of bedded 
basic lavas known as the Panjal Trap, up 
into wliich it appears to pass by interbed- 
ding. These two series, over most of the 
area, keep to an liorizon between the Middle 
Carboniferous and the Permian, that is to 
say at the junction of the Dravidian and 


0 Rec, Geol. Sarv. Ind., 1929,68, 121. 
7 Op. ciL, 1929,62, 153. 

^ Op. ciL, 1930, 63, 130. 

9 Pal, Ind., N. S,, 1928, I?. 


Aryan groups, a datum line of great impor- 
tance in Indian geology, though these limits 
do not hold good everywhere. Previously 
found to be destitute of organic remains, the 
Agglomeratic Slate has been found by these 
two investigators to be fossiliferous in a few 
places. To quote from their memoir: 

•* This temporarily overlooked fauna is^ of 
much intiinsic iuterest, some of it. being new to 
Cdimalayan geology and helping to bridge the gap 
between the middie part of the Carboniferous (as 
represented by tlie Fenestella shales) and the 
Permian wliich immefliately overlies the Panjal 
volcanic-s at most points— a gap tkat had been 
assumed previously to have been wliolly given 
over to vulcanicity in this region.” 

As regards the mode of origin of this 
series, Middlemiss suggested that either it 
was the product of explosive volcanic action, 
preparatory to the outpouring of the Panjal 
Traps, or it was due to ice action, the beds 
tlius being liomotaxial with the Talchir beds 
of peninsular India. He was inclined to 
favour the first hypothesis. Another peculiar 
point which puzzled Middlemiss and Bion is 
clearly brought out by them in this paper, ■ 
namely, that the Agglomeratic Slate and the 
Panjal Trap together exhibit in certain areas 
a very inconstant horizon. Thus the lowest 
horizon at which the Agglomeratic Slate 
appears in different sections is very vari- 
able, ranging from Middle Carboniferous 
(Moscovian) to the top of the Uralian. The 
top of the Panjal Trap shows an even greater 
variability, ranging from just below the 
Gangomopteris beds up to the base of the 
Upper Trias. Thus the total length of time 
during which vulcanicity occurred in one 
place or another was from the Middle 
Carboniferous to the close of the Middle 
Trias, an immense period of time, queerly 
conti-asted with certain areas where it was 
restricted to the limits of the Permian only. 
Further peculiarities noted by these workers 
included two thick lenticular bands of 
Triassic limestone interbedded with the 
Panjal Trap, one of wliich was surrounded 
on all sides by trap. The total of these 
observations led Middlemiss to consider 
whether the Panjal Traps were not lava 
flows but intrusive sills, and therefore later 
in age than the base of the Upper Trias. 
He even suggests the possibility of tlieir 
being contemporaneous with the great out- 
pouring of similar basic lavas in peninsular 
India known as the Deccan Trap, which com- 
menced at the close of the Mesozoic. More 
recent work by D. K. Wadia on the Pir 
Panjal range, which borders Kashmir on the 
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south, lias shown that the Agglomeratic 
Slate series is undeniably Yolcaiiic in origin, 
as is clear from the presence of unaltered as 
well as devitrified glass in one or two speci- 
mens, in which are embedded phenoerysts 
of orthoclase, plagioclase and quartz. 
That the greater part of the Panjal Trap con- 
sists of sub-eeriai lava flows is also conclud- 
ed by Wadia; and the problems indicated by 
Middlemiss and Bion, referred to above, do 
not appear to affect the main conclusions, 
and may be of only local significance, though 
they still require solution. As regards its 
composition, the Panjal Trap is shown by 
Wadia to consist of abundant flows of basalt, 
which are generally epidotlsed to give the 
familiar bright green colour of these rocks. 
In places their total thickness is over 5, ODD 
feet. Recently it lias been pointed out by 
K. K. Mathur and S. N. Wakhaloo that 
volcanic rocks of a more acid type, approach- 
ing to rhyolites, are also to be found in 
this series, being abundant in the vicinity of 
Srinagarfl^ 

While referring to this part of the Hima- 
laya it is convenient to record here that 
Lydekker's view that the axis of the Pir 
Panjal is composed of granite has been 
shown by Middlemiss and Wadia to be 
incorrect.^- The greater part of the summit 
zone is composed either of Panjal Trap or 
the Agglomeratie Slate series, with small 
outcrops of Gondwanas. 

The Great Himalaya range is generally 
regarded by geographers, and rightly so, 
as ending at the Indus, where the great 
mass of iN'anga Parbat dominates every, 
thing. Further north-west, beyond the 
Indus, there are no great heights to suggest 
its continuation in that direction. Geo- 
logically speaking, however, it is continued 
round the^ hairpin bend of the Punjab 
re-entrant into ISTorth-East Hazara, as shown 
by Wadia, and it is probably correct to 
regard it as terminating, in a geological 
sense, near Garlii Habibulla, north-east 
of Abbottabad, where the last of the 
Salkhala series, belonging to the Central 
Hinoalayan zone, are seen. The geology 
of iNanga Parbat and the adjoining country 


Mem, Gaol, Surv^ hid,, 1928,51, 238-242. 

Curr. Sci,, 1933, 2, 126. Since writins 

the above Mr. Wadia has informed me that in Iiis 
opinion these rocks are in the main ordinapv 
Panjal Trap which has been silicified, and not 
true acid volcanic rocks. 

^2 Rec, Gaol, .Surv, Ind., 1911, 41 , 134; and 
Mem- Gaol, Surv, Ind., 1928, 51^ 223, 


has recently been described by D. IS. Wadia, 
who sliovvs it to consist of four main 
elements. These are: (L) paiU'gneisses, 
greatly intruded by gneissose granite (Aen- 
tral gneiss' type) ; (2) the Pre-Cambrian 

Salkhala series : (3) a mixed zone situated 
between (1) and (2), consisting of Salkhala 
series penetrated by gneiss ; and (4) great 
masses of intrusive dolerite and epidiorite. 
Il’anga Parbat itself consists of (1). Wadia 
was naturally unable to examine the rocks 
of the main peak itself. But from the 
evidence of boulders in moraines he thought 
it was probably composed of gneissose 
granite. But Dr. P. Miscb, who accom- 
panied this year’s expedition to ETanga 
Parbat, states that the mountain is composed 
entirely of group (1) as given above. The 
dolerites and epidiorites are regarded by 
Wadia as genetically connected with the 
Panjal Trap lava flows, of which they are 
the hypabyssal phase. In addition to the 
gneissose granite or ^central gneiss’ of 
Stoliczka, there is a younger hornblende- 
granite which is post-Panjal Trap in age. 
Associated Ranges to the I^ohth. 

Coming now to that region of the Hima- 
laya and beyond which lias of late been 
investigated by a number of foreign expedi- 
tions, the facts at our disposal are very 
much fewer, and it is difficult to be certain 
of the age and mutual relations of some of 
these ranges. This, added to the fact that 
geographers and geologists seem to take a 
different view of what is meant by a range, 
makes the correct interpretation of a number 
of isolated observations a matter of some 
difficulty. Moreover, the country covered 
by these expeditions does not strictly come 
within the Himalayan area. Certain points, 
however, may be referred to, which are of 
interest to the student of the Himalaya. 
As has already been pointed out, the Pamirs 
are to he regarded as the culmination north- 
wards of the great Punjab re-entrant. And 
since both it and the associated ranges on 
either side, and the Hindu Kush and the 
Karakoram further south, conform to the 
trend lines of this re-entrant, it is natural 
to expect these mountain ranges to be of 
Himalayan origin, at least in part. North 
of the Pamirs the same tread lines are no 
longer evident. But until a great deal 
more is known of these mountains, and any 
older structures which they may show 
differentiated from their later Himalayan 

^3 Rec, Geol Swv, Ind., 1932, 66, 212, 
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structure, it is best Dot to be too dogmatic, deposits of the Tethys, and caused them to 
As regards the relations between the Hima- be thrust over the edge of Gondwanaland, 
laya and its associated ranges up to the which to some extent broke along its 
Karakoram on the one hand, and the northern border. But it is of course equally 
KunLun, the Tian Shan and other ranges conceivable tliat it was Gondwanaland which 
to the north on the other hand, it moved against Asia, crumpling up the rocks 
has generally been accepted by geologists, of the Tethys, and underthrusting itself 
following Suess, that the former group are beneath them. The writer has always failed 
Kainozoic in age, belonging to Siiess’s to understand how one can expect to decide 
‘ Alpides and the latter of liercynian age, whether Asia moved south and over 

belonging to his ^Altaidsh E. Argand, Gondwanaland, or whether Gondwanaland 

however, in his attempted synthesis of moved north and under Asia, by observing 
Asiatic tectonics, regards the whole as the structure of the country along the line of 
essentially Alpine, any pre-existing ^ Altaid ’ thrusting, though others appear to think it 
structures having in his view been destroyed possible.*^'' There is, however, one line of 

in the great Alpine paroxysm.'^^ Argand, how- reasoning which seems to throw lighten 

ever, has been proved to be wrong in so many this problem, and that involves a considera- 

of his conclusions, as for example in Persia, tion of the position of Asia with respect to 

that we may well hesitate before accepting the rest of the world before and after the 

his ideas. According to the more recent movement. This point of view has been 

field work of E. Trinkler and IT. de Terra in developed by P. Lake, who, in a paper on 

the Karakoram and the West Kun Lun, the island arcs and mountain building, has 

Karakoram ranges are regarded as JTercynian drawn attention to the fact that the well- 

in age, while their present Himalayan known arcs off the Pacific coast of Asia, the I] 

features are attributed to later epeirogenic East Indian arc through Sumatra and Java, i;! 

movements accompanied by extensive fault- the Himalayan arc, and the Iranian arc of | 

ing.^"’ They would therefore group the Persia, which are all of Kainozoic age, all 

Karakoram with the Kun Lun in being have their convex side facing away from jj 

structurally Paheozoic mountains. In writ- Asia, the Pacific arcs facing east, and the 

ing of the granite core of the Karakoram, de others facing south or south-west.^' We are 

Terra remarks on the fact that it is under- thus required to explain how a single 3 

lain everywhere by crystalline rocks, and Asiatic mass can have moved along its j 

suggests that the granite has been thrust by eastern border towards the Pacific and at || 

mountain making processes over different the same time along its southern border |i 

formations. In this it closely resembles the towards the Indian Ocean. As Lake points | 

behaviour of much of the central Himalayan out, a movement of the mass as a whole in I 

gneissose-granite and its associated crystal- both directions does not seem possible, but !i 

line rocks, which appear in so many places underthrusting of the ocean-fioor from both || 

to be thrust over the underlying rocks, a sides is conceivable, and is, in fact, a | 

problem which is referred to again below, necessary consequence of the contraction I 

The old controversy as to the course of the theory or of Joly’s theory. This view | 

Karakoram east of longitude 78° seems to receives additional support from a considera- I 

be settling itself as our knowledge of the tion of the central Asian mass itself. Had | 

geography and geology of these areas the earth’s crust spread outwards radially 

progresses, and there cau now be little from central Asia, we should expect to find i 

doubt that the Karakoram extend B.S.E. a deficiency of matter at the centre of the i 

and E. right on into the Tibetan plateau. continent, as Eurrard has pointed out.^'^ 

The Himalayas Arc. reverse is the case, and 

’ ^ ' there is an excess of mass protruding above 

In all these discussions it is generally spheroidal surface which has nothing to | 

assumed that Gondwanaland played a equal it elsewhere on the globe. Coiise- ^ 

passive role, and that it was the southward q^ently the alternative hypothesis, that 

move of the rest of Asia against Gondvmna- there has been a general pressure acting 

land which buckled up the soft marine 

iG ]sr. E. Odell, Oeogr. Joiirn., 1931, 78, 159. 

La Tedonique deL^As^ie, 1924. Lorj. cit., 149. 

GeolopiscJie Porschimgen im WesUichen Kun A Sketch of the Geography and Geology of the 

Luyi und KaraJioram-Himalaifa, 1932. Himalaya Mountains and Tibet, 2nd "Eidu.., 1934, 
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towards central Asia, seems to be tlie more 
acceptable. 

Tlie further suggestion developed by 
Lake in this same paper, that all mountain 
arcs which have the shape of an arc of a 
circle, have been formed by movement ol a 
slice of the earth’s crust along a single basal 
thrust plane, and in particular its application 
to the Himalaya, is one which, in spite of 
(or because of) its simplicity, is not in 
accord with the observed facts. Although 
the Himalayan arc can be shown to be part 
of a circle, with its pole in Central Asia, it 
must be remembered that, geologically 


shown by Wadia in the Punjab re-entrant, 
there is a continuity of geological structure 
around this feature which forbids one to 
bring the Himalaya (geologically considered) 
to an end at ISTaiiga Parbat, the point at 
which Lake has to end liis Himalayan arc. 
Moreover, as recently pointed out by Auden, 
our increasing knowledge of the structure of 
the Himalaya shows that not only are there 
a number of thrust planes of paramount 
importance within the Himalaya, but also 
that the angle of these thrusts is extremely 
variable and does not conform to the low 
angle required by Lake’s hypothesis. As he 



Trend Lines of, the Mountain Ranges of the Himalaya and Tibet* 
(Mainly after Burrard), 

Fig. 1. 


considered, the Himalaya are but a part of 
a much more extensive mountain system, 
which continues to the south-west through 
Baluchistan and Persia, and to the south- 
east through Burma. And since they have 
been formed on the site of a long geosyn- 
ciine by the crushing of its deposits through 
the movement of Eurasia and Gondwana- 
land towards one another, the shape of the 
mountain system so produced must be 
determined partly by the original disposition 
of the geosyncline, and partly by the shape 
of the^'two impinging masses. Further, as 


says, it would appear impossible to regard 
any single dislocation or nappe as having 
borne the whole burden of the advance upon 
the foreland. 

On the other Jiand, Burrard, as a geo- 
grapher, considers that there is no Hima- 
layan arc at all; for in his opinion the 
Himalaya cannot be considered independ- 
ently of the mountains farther north, 
including the Kun Lun, the Tien Shan, the 
Karakoram and the Hindu Kush, ranges 


Rec. GeoL Surv. Ind„ 1934, 67, 448. 
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wliicli either show no curvature at all, or 
curve northwards.-'^ But this view ignores 
the important geological fact that while the 
Himalaya and its immediately associated 
mountain ranges are, at any rate mainly, of 
Kaiiiozoic age, the Kuii Luii, the Tien Shan, 
and possibly the others also, are much older 
having been formed most probably at the 
end of tlie Palaeozoic (Irlercynian). It does, 
however, contain a germ of truth. It 
is a well-established principle that older 
structures frequently play an important 
part ill influencing the formation of later 
structures. And although the great 


Himalayan arc is no doubt to be regarded 
as essentially Kainozoic in origin, it is yet a 
moot point as to the extent to which an 
older ‘grain ’ may still be preserved within 
the main Kainozoic superstructure. The 
point is referred to again below. 

To make clear the foregoing remarks, the 
main trend lines are shown in Fig. 1, which 
is mainly copied from the frontispiece of 
Burrard and Heron’s A Sketch of the 
Geography and Geology of the Himalaya 
Mountains and Tibet, with certain additions 
and simplification, 

(To he continued.) 


Progress of Algological Studies in India. 

By K. Biswas, m.a., 

Royal Botanic Garden, Calcutta. 


^HE study of Botany dates as far back 
as somewliere 2,501) years ago. But 
apart from its mainly applied side not much 
attempt was made to investigate the Indian 
plants from purely scientific aspect. The 
first impetus to tlie systematic study of 
Indian Botany was given by the Governor 
of Malabar Iby the publication of the 
memorable volume entitled Hortus Mala- 
baricus during the last decade of the 17th 
century. But the critical study of Indian 
plants along the modern lines was systema- 
tically taken up by Dr, William Eoxburgh, 
‘tlie father of Indian Botany’, since his 
appointment as the first Superintendent* 
of the Eoyal Botanic Garden, Calcutta, 
the then East India Company’s garden, in 
1793, altliough i)r. Eoxburgh for many 
years prior to his transfer to the Eoyal 
Botanic Garden had been engaged in 
studying the then little known flora of the 
Northern Circars in the Madras Presidency. 

Very little attempt was, however, made 
to investigate the lower plants of this vast 
country. Bryophyta and algae were left 
untouched till very late years, although 
study of these branches of Botany was 
started in Europe earlier than 1753 — from 
the time of Linnaeus onwards. 

Dr. Aiexand._^^ and Dr. W. H. 
Hervey mentionM about Belanger’s and 
Wight’s collection of Chara and seaweeds 
as early as 182IL28. Collection and study 

2 0 Reference 18, p. 757 


of algae can thus be traced from the period 
of 1798 onward, when var. Geylonica of 
Chara poly phylla A. Braun, was first detected 
in Ceylon by Lebeck in 1798 (according to 
Klein in Herb. Wllld), and afterwards 
collected near Tranquei3er. Eobert Wight, 
M.D., F.us., the distinguished Indian 
Botanist, and a member of the Honorable 
Company’s Madras establishment, published 
the leones Plantarum Indian Orientalis. 
He issued, in collaboration with Dr. Walker 
Arnott, the first volume of Prodromus 
Florae Orientalis, an admirable work 
which unfortunately was never completed. 
Iyengar's'^ reference to Wight’s algal work 
in this volume cannot be traced. As far 
as could be found from the literature 
available at my disposal Belanger was the 
first to admire the treasures of the Indian 
Sea. In 1830, as Director of the Botanic 
Gardens in Pondicherry, he collected sea- 
weeds along the coasts of Gape Comorin 
and its neighbourhood in South India. 
Jaimes Forbes Eoyle, Late of the medical 
staff of the Bengal Army, added a short 
note on Algae in his monumental work on 
the “ Illustrations of the Botany and other 
branches of the Natural History of the 
Himalayan Mountains and of the Flora of 
Cashmere,” 1839, Vol. I, pp. 441-442. In this 
note Eoyle suggests that “the Dictyotese 


* Iyengar, M. O. P., Presidential Address 
(Section of Botany), Fifteenth Indian Science 
Congress, 1929. 
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increase in numbers as we approacJi 
the equator ; and Eypnea, Gystoseria, Sar- j 
gassum, Zonaria, Spharo coccus, Thamneria, | 
AcanthopJwra, Tamnophora, Amansia, Can- 
lerpa, and Gelidium, of which swallows 
build the so much prized ^ edible bird’s 
nests ’ abound in tropical seas. Few have 
been described from the Indian Ocean, but 
several are contained in Dr. Rottler’s 
Herbarium.’’ He also mentioned that A 
few species of Confervas ” are found in 
Dr. Bottlers Herbarium from the neigh- 
bourhood of Tranqueber. I do not find 
mention of ‘‘snow algae in the Himalayas 
and some Lemaneaceae in the cold 
mountain torrents” as stated by Prof. 
M. 0. P. Iyengar, Bnyle simply makes a 
general remark about “Bed snow which 
may be found in the Himalayas together 
with some freshwater Conferva”, while 
of the true Fuci, the Lemanias are only 
found in the freshwater of mountain 
torrents. Boyle’s note on the economic 
uses of the alg£e is also very suggestive. 

William Griffith, a Surgeon in the Honour- 
able Company’s Madras establishment, was 
one of the most brilliant of tlie Indian 
Botanists, who had had a varied interest and 
extensive knowledge in different branches of 
Botany. Huge accumulations of his 
gatherings from different parts of the Indian 
Empire and Malay Peninsula and his vast 
accumulations of notes and manuscripts were 
posthumously published in nine volumes 
under the editorship of Dr. McClelland at the 
expense of the Honourable Company during 
the middle of the 19th century. Among his 
papers of 1849, on Cryptogams are published 
with illustrations se^en members of the 
family of Characeae, a highly specialised group 
of algse-. Of these Ohara involucrata, C. 
erytJirogyna, Char a sp. and 0, furcala were 
collected from Serampore, Bengal ; C. soluta 
from Hard war, U.P., and C, spagnoides from 
“cabul”. His new species named after 
Voigt — Lysimoscepas voiglii, as Griffith’s 
figures show is a Cham sp. Prof. Iyengar’s 
remark that “ Griffith has described and has 
figured six Characese from upper India and 
Kabul”, mentioned in his presidential 
address, is thus modified more accurately 
here. There is hardly any mention of 
algge in Griffith’s work ‘‘ on Cryptogamic 
plants of Dr. Koxburgh in Flora Indica of 
Eoxburgh ” as referred to by Iyengar, in 
Vol. IV, Cal. Jour. Eat. Hist., 1811, noted in 
the list of literature appended to Iyengar’s 
presidential address. In 18 19 Dr. Alexander 


Braun made a contribution entitled “ Chara- 
ceae Indim Orientalis et insularum maris 
pocifici ” — published in Hooker' ^ J ournal of 
Botany, Vol. I, pp. 292-301. In this paper 
Braun has described four species of Nitella 
and eight species of Chara, most of which 
were collected by Belanger during 1826-28 
on the coast of Coromandel and by Dr. 
Wight. Tlie collections were preserved in 
Hooker’s Herbarium. Dr. W. II. Ilervey 
described in 1851 three charming sea-plants 
from the south coast of Ceylon under three 
genera, of which tlie genus Y anvoorsiia 
named after the reputed naturalist John Van 
Voorst, author of the Natural History of 
Great Britain, was established for the first 
time by him. The three species mentioned 
are Vanvoorstia speetabilis, Claudea muUifida 
and Marlensia speetahiUs. In 1858 H. J. 
Carter paid attention, for the first time, to 
the fertilisation of Hudorina elegans collected 
from some puddles in Bombay, and also 
reported occurrence of a few other members 
of Volvocacea3 and Flagelatta from the 
same locality including a new species of 
Ceratium from. Lake Kynee (Kainital), 
Kumaon. This was published in the Ann. 
and Mag. of Nat. Hist., 1871, whereas his 
former paper on “Ficundation in Hudorina 
elega.ns and Cryploglena ” aud “ on the 
Ficundation of two volvoces and their specific 
differences ” were published in the Ann. and 
Mag. of Nat. Hist., 1858 and 1859. Dr. G. 0. 
W'allicii in the Ann. and Mag. of Nat. Hist., 
i860, 5, 3rd Series, No. 27, pp, 181-197, 
wrote on the “ Descriptions of Desrni- 
diacese from Lower Bengal He mentions 
■ seven genera and eight species of filamentous 
Desmidiacese, namely, Hyaloiheca, Besmi- 
dium, Ap'ogonnim, Sphoerozosma, Leusonema, 
OnycJionema and Sireptonenia, together with 
his observations on. the periodicity of these 
algcC which were obtained from the neigh- 
bourhood of Itaneegunge during the latter 
moutlis of 1855. Tlie same author, Surgeon 
Wallich of the Indian Army, read an inter- 
esting paper on the “ Siliceous organisms 
found in the digestive cavities of the Salpse 
and their relation to the Flint nodules of the 
Chalk formation,” before the Transactions 
of the Microscopical Society, London, on 
December idth, 1859. This noteworthy pub- 
lication “intended tp.-embrace under this 
head the whole of^he molluscoid tribes 
that frequent the open sea in shoals and 
live upon the microscopic organisms it 
contains,” is published in the Trans, of the 
Micro. 8oc. Land., Hew Series, .1860, 8, 
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36-55. A. Griinow wrote an account on the 
Freshwater Diatoms and Desmids of the 
Banka Island near Singapore in his paper 
entitled Siisswasser — Diatornaceeii und 
Dismidiaceen von der Insel Banka” in Rab. 
Beitr. Zur. Ken, U. Verb. Algen, Leipzig, 
1865. Hobson in the Quarterly Journal of 
the Micro. Science, wrote: ‘’Notes on Indian 
Desmidiaceie ” in 1863, and described two 
new species JDocidium Pistidee Hobs., Mic- 
rasterias 3Iahabulesliwarensis Hobs., collect- 
ed from Mahabulesliwar, Bombay Presi- 
dency. Dr. G, V. Martens, Higli Councillor 
of Finance in Stuttgard, during 1871-73 
published in the Proc. of the Asiatic Society 
of Bengal tlie result of his work on “Some 
Bengal and Burmese algie collected by S. 
Kurz ”. In the Journal of the Asiatic Society 
of Bengal, 1873, 42 , G. /Cellar recorded 
155 species of algcie collected by S. Kurz 
from.Arracan and British Burma. In 1879 
Leuduger-Fortmorel drew up a “Catalogue 
des Diatomees de L’ile de Ceylon”. A few 
interesting algae collected from the Hima- 
layas were examined by Dr. G. Dickie, F.ii.s., 
and his “ Notes on algie from the Hima- 
layas ” was published in the Journal of 
Linn. Soc, Bot., 1882, 19 . His note is sup- 
plemented by Grunow’s report. W. Theobald 
added “ A List of Burmese Desmids ” in 
Burma : Its People and Productions, 2 , 16-30, 
1883. W. Joshua recorded “ Two Desmids 
from Eangoon ” in Jour, of Botany, 1885. 
Next year the same author added a valuable 
contribution on “Burmese Desmidiacese. ” 
together with coloured illustrations in the 
Joiiv. of the Linn.. Soc. Bot., 1886, 21 , 

enumerating 186 species and varieties. J. 
Scliaarschmidt in his “ Notes on Afghanistan 
Alga3,” published in the Jour, of the Linn. 
Soc. Bot., 1886, 21 , described 60 species 
of algae which were all carefully separated 
and examined from dried materials adhering 
to phanerogamic specimens cliiefly to 
Ammania pentandra. These phanerogams 
were collected by Dr. J. E. C. Aitchinson, 
Surgeon-Major to H. M. Bengal Army in the 
Afghanistan expedition of 1880. G. Murray 
is the author of “ Catalogue of Ceylon alg^e 
in the Herbarium of British Museum”, wliich 
was published in the Ann. and Mag. of Nat. 
Hist. Bond., 1887. G. Lagerheim contributed 
towards our knowledge uf Bengal Desmids 
in his paper entitled “ tlber Desmidiaceen 
AusBengalen” in Alcad. Handl., ISSS, 13 , 
Afd. iii, No. 9, where he refers to 52 
species and varieties. Then follows the 
valuable memoir of Prof. W, B. Turner 


under the title of “ Algae aqua dulcis Indiae 
orientalis,” “Freshwater alg<e of East 
India” in Kong. Sv. Vet. Ale. Handl. (1892), 
1893, 25 , Part I, pp. 1-186, accompanied by 
23 plates. The manuscript of this paper was 
compiled in 1885-86 but was published in 
1892. The materials of this valuable contri- 
bution to Indian Algae consist of residue of Dr. 
Walliclfs collection of 1855 which was 
subsequently supplemented by that of Dr. G. 
Von Lagerheim, who sent to Prof. Turner 
some specimens of Indian Utricularias — from 
the Eiks Museum in 1889. Turner in his 
work mentions 22 species of Myxophycese, 
512 species of Desmids and 60 species of 
Ghlorophyceae exclusive of Desmids. It 
appears that some of the species demand 
reduction in their specific rank and altera- 
tion in their specific names in the light of 
the modern rules of nomenclature. But 
this point in no way lessens the great 
importance of the paper. His remarks on 
the periodicity of the algcB in relation to 
their habitat is worth consulting. W. West 
and G. vS. West described in their paper on 
“ Desmids from Singapore”, 45 species from 
Singapore, Burma, which were collected by 
then by Mr. H. N. Ridley, and imblished in 
the Jour, of the Llnn.^ Soc., 1897, 33 . O. 
Borge’s paper on “ Uber tropische und 
subbropischc siisswasser — Ghlorophyceen” in 
Bih. Till. K. Sv. Vet. Ahad. Handl., 1899, 
24 , Afd. IV, No. 12, marks the closing of 
the study of Indian Alga3 up to the year 
1990. During the first decade of the 20th 
century literature on Indian Alg<c was 
considerably enriched by the noteworbliy 
publications of the well-known algologists — 
Profs, W. West and G, S West, Dr. Nils 
Svedelius and Prof. F. E. Fritsch. In the 
Transactions of the Linn. Soc. Bot., Series 
2, 19;)2, 6 , we find W. West’s and G. S. 
West’s article on “ Freshwater Alg^e from 
Ceylon”. This valuable contribution on 
Freeman’s collection of 7 species of Ehodo- 
phycese, 49 species of Diatoms, 33 species 
of MyxophycecC, 2-16 species of Desmids and 
81 species of other Chlorophyce.e appreci- 
ably advanced the progress of algological 
researches in India. Next year appeared 
the two important papers by Mrs. A. Gepp 
(Barton, E. S.). One of these is “List of 
Marine Algae collected at the Maidive and 
Laccadive Islands by J. S. Gardiner ” 
published in the Jour, of Linn. Soc. Bot., 
London, 1993, 35 , No. 247 ; and the other is 
“ List of Marine Algae with a note on the 
friictification of Halirneda ” published in the 
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Eeport on tlie Pearl Oyster Fisheries of the 
Gulf of Mannar by W. A. Hardman in the 
Jour, of the Royal London^ Pt. I, 1903. 
The valuable monograph on the Eeport of 
the Marine Algie of Ceylon, No. 1, Ecological 
and Systematic Studies of Ceylon species of 
Caulerpa,’' by N. Sreedelius was published 
in the ‘‘Biological Eesults of tlie Ceylon Pearl 
Fishery,*’ No. 1, Art. 4, 1904. Sir David Prain 
in “The Vegetation of the Districts of Hughli, 
Howrah and 24 Pergunnahs ” publislied in 
the Ree. Bat. Surv. of India, 1905, 3 , No. 2, 
reports 84 species of algcB from the three 
important districts of Bengal. W. West and 
G. S. West record 58 species of Diatoms, 148 
species of Desmids and 53 species of other 
green algae which were collected by Mr. I. H. 
Burkill chiefly from Burma. The result of 
their study is embodied in the Armais of 
the Royal Botanic Garden, Calcutta, 1907, 
6 , Pt. 2, under the heading “ Freshwater 
Algas from Burma including a few from 
Bengal and Madras”. F. B. Fritsch in his 
account on “A general consideration of the 
Sub-serial and Freshwater Algal Flora of 
Ceylon”, a contribution to the study of 
Tropical Algal Ecology, Pt. I, Subaerial Algce 
and Alg^ of the inland Freshwater 
publislied in the Proceedings of the Royal 
Soc. of Bond., Series B, 1907, 79 , suggested 
extensive scope of studies on the ecology 
of algiie in India. The yea.r 1911 concludes 
with W. West’s short paper on “ Descrip- 
tions of the new species of algae associated 
with freshwater Polyzoa, with notes by Dr. 
N. Annandale” published in the Jour, and 
Proc. of the Asiatic Soe. of Bengal (New 
Series) 7 , No. 3. This marks the cessation of 
activities of the continental algologists 
working on Indian materials up to the year 
1926 when Nellie Carter’s “Freshwater 
Algsd from India ” made further addition to 
the progress of Algological studies in India. 

The period between 1911 and 1919 indi- 
cates a dormant stage in the history of Algo- 
logical researches in India. In 1914 at the 
inaugural meeting of the Indian Science 
Congress at Nagpur, Dr. Paul Briilil while 
discussing the various avenues of researches 
on Indian Botany laid particular stress on 
the study of Algae in India in consideration 
of the vast mines of Algal wealth of this 
country. li.e went even so far as to suggest 
the formation of an Algological Society in 
India which to the great enthusiasm and 
interest of Indian Botanists developed 
into the present Indian Botanical Society. 

Then came the period of renaissance in the 


history of Algological researches in India. 
It is indeed a matter of glory and satisfac- 
tion that from 1920 up to the present, the 
contributors are nearly all Indians. The 
names of Dr. S. L. Ghose (Punjab), Prof. 
M. O. P. Iyengar (Madras), Dr. P. Brlihl 
and K. Biswas (Bengal) may be mentioned 
as the pioneer workers in the study of Indian 
Algse. Very lately Dr. Y. Bharadwaja is 
attempting to solve the mystery of the life 
history of several genera of blue-green algae 
of the United Provinces. Prof. Dixit of 
Bombay Presidency has also, by his notes 
on algiB, evinced his interest in the study of 
this branch of Botany. Messrs. Handa and 
Paul have also by their publications advanc- 
ed the progress of our knowledge of Burmese 
blue-green and green algae and members of 
Cliaraceae. Our knowledge of Characeaehas 
considerably been advanced by the studies 
of J. Groves in his papers on “ Charophyta 
from Ceylon ” published in Jour. Linn. Soc. 
Bot., 1922; and “Notes on Indian Charo- 
phyta,” Ibid., 1924, 46 . Paul’s recent work 
on Characese was preceded by G. 0. Allen’s 
paper on “Notes on Charophyta from Gouda, 
U. P.” published in Jour. Bomb. Nat. Hist. 
Soe., 1925, and a few others. The papers of 
these Indian workers Ghose, Iyengar, 
Bharadwaj and the author of this article 
are too many to mention here. Ghose is 
chiefly interested in the blue-green algte of 
the Punjab and about half a dozen of his 
important papers have already been absorbed 
in the literature on Indian Algas. He is at 
present, in collaboration with liis students, 
actively engaged in the study of algde of 
the Punjab. Iyengar has mainly devoted 
his attention to the study of green alga^ and 
out of his about a dozen important contri- 
butions to our knowledge of the Indian 
green algse, his investigation on Echballo- 
cysts and Madras Volvocaceae throws muclj 
light on many a doubtful problem in the life 
history of these algae. The writer himself 
and in collaboration with Brlihl added to 
the literature on Indian Algae more than 
twenty papers including some of the 
memoirs containing descriptions of many 
new species and observations on the nature 
of the growth and distribution of the algae 
recorded. Systematic morphology and eco- 
logy of blue-green and green algae and also of 
Diatoms have at present been the favourite 
subjects for the study of the writer. Those 
who desire to have further information of 
• the papers of the algologists mentioned above 
may correspond direct with them, Prof» 
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tain of .soV(‘ial \vork(*r.s. d'ho writ or also has 

in his posso,„sioa proo ion;; otdloof ions <d' hudd' 
aaiotial of aialottals fioui tho haf<* Dr. 
hudpooa (d' Allahabad, (la* Pato P(*v. Dr. 
I'h Plat (or id’ Potubay and I ho Pa(«* Dr. 
S. K. Mukorjoo of Puoknow (la* (hroo 
brilliant Indian Potaaists, who.so irroparablo 
to s wo all aiourai to day, d'la* w*ril<‘r 
Iiumidy bopi*s to d(*dii*at(' (la* rosnlts of fus 
works on t}a*so o(dloo(ioas to i‘aoh id' I hoso 
botanists aad tborobv <’oinaa*aiora ( <* thoir 
*a<*at iidorosl ia (la* prooM‘ss of alp:ol<>*j:ioal 
st ud los of oui’ roll at r\ , foi* whiohl hoy spariMl 
no pains to naia tla‘Si* valuubb* nia(i‘rials 
proporhy pi'osorvod w liii’h is by no aa*aas an 
oar\ task. 
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On the Neural Gland, Nerve-Ganglion and Dorsal Tubercle of Herdimviia 
pallida Lahille (the Typical Monascidian of the Indian Seas). 

• 3 By S. M. Das, B.sc. 

Department of Zoology^ The University, Lueknoiv, 


T he monascidian Herdmania pallida 
Lahille^ (Ehabdocynthia pallida Herd- 
man) is dissected and studied as a type of 
the Tunicata in almost all the Universities 
of India, Burma and Ceylon. But no pub- 
lished account of its anatomy exists. Teachers 
and students usually seek help from accounts 
•of Ascidia" and Ciona, the European monas- 
cidians, which are totally inadequate for 
•a study of the Indian form Herdmania. The 
•author has completely worked out the 
'Anatomy, Histology, Bionomics and Distri- 
bution of this animal, a monograph on wliich 
will soon appear for use in the Indian 
Zoological Laboratories. 

During the investigation a number of new' 
and unexpected features have been found, 
but, in this article, the author confines 
himself to the structure, relationship and 
homology of the neural gland, nerve-gang- 
lion and dorsal tubercle of Herdmania pallida. 
It may be mentioned here that, though 
a study of these three organs forms a very 
important part of the dissection of the 
ascidian in the graduate and post-graduate 


more since the substitution of ascidians from 
Tuticorin and Enniir for those formerly 
obtained from Naples and Plymouth. 

The neural gland, nerve-ganglion and 
dorsal tubercle are all situated in the inter- 
siphonal region of the animal, the former 
two lying imbedded in the mantle and the 
last projecting into the branchial cavity, 
in the prebranchial zone (Fig. 1). In the 
European forms Ascidia and Ciona the nerve- 
ganglion is situated dorsally to the neural 
gland (Fig. 2), but in Herdmania the nerve- 
ganglion always lies ventrally to the neural 
gland (Fig. 1). This change in position is 
attended wnth an alteration not only in the 
general lay-out of the three organs but also 
in their size, form and structure. 

The neural glayid, lying just above the 
nerve-ganglion, is a light brown oval struc- 
ture about 4 mms. long, 2 turns, wide and 
1 mm. thick. The gland consists of a large 
number of branching tubules given out to- 
wards its peripliery from a few central tubes 
which open into a long non-ciliated canal 
running along the wliole length of the gland 



Fig. 1. 

Longitudinal section of the neural gland, nerve-ganglion and dorsal tubercle of lierdmiDiia pallida. 

by, in. — branchial tentacles ; d.l. — dorsal lamina; d.t. — dorsal tubercle ; hyp. — neural gland; hyp.d. — neural cuct ; 

n.g. — nerve-ganglion ; p.p.b. — peri-pharyngeal bands. 


courses in Zoology, in India, their morphology 
has been wrongly interpreted for a decade or 


1 C.R. Assoc., Franc. Sess. 16, 188S, 2, 677. 

2 h.ilf B.C, Memoirs, Ascidia, 1899, 


(Figs. 3 and 4). At its anterior end this canal 
leads into a duct that passes downwards, 
between the nerves given out from the 
ganglion, and opens into the antero-dorsal 
region of the branchial cavity by a wide 
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ciliated funnel-shaped opening at the middle 
of the basal part of the dorsal tubercle. 
This wide funnel is absent in Aseidia. The 
lumen of the gland as well as its ducts are 
lined with a single layer of srnnll non-ciliated 
rounded cells containing large nuclei. The 
rest of the gland consists of a large number 
of small dark granulated cells with large 
nuclei, some scattered blood-corpuscles and 
some blood-sinuses traversing the substance 
of the gland (Figs. 1, 3 and 4). A large 



Fig. 2. 

Longitudinal section of the nerve-ganglion, 
neural gland and dorsal tubercle of Aseidia 
(from Parker and Haswell). 

— nerve-ganglion; — neural gland; 

ti.t . — dorsal tubercle. 

number of cells filled with dark granules are 
discharged into the lumen of the gland, from 
where they pass out, through the main duct, 
into the branchial cavity. The dark gra- 
nules are excretory products absorbed by the 
cells. The ciliated cells, lining the funnel- 
shaped opening, are of the same kind as 
those covering the dorsal tubercle, the cilia 
being about double the length of the cells 
themselves. 


The nerve- ganglion forms an elongated, 
solid pinkish mass— about 4 mms. long and 
1 mm. thick — lying ventrally to the neural 
gland. It gives off three nerves anteriorly 
(?‘.d., towards the branchial siphon) and two 
posteriorly {i.e., towards the atrial siphon) 
(Fig. 1). Of the three anterior nerves two 
are stouter than the third, and these, soon 
after their origin from the ganglion, diverge 
and run, one on each side of the posterior 
margin of the branchial siphon, along the 
base of the circle of tentacles. They thus 
approach each other on the .ventral side of 
the branchial siphon and end in fibres that 
branch but do not anastarnose. All along 
their length they send branches into the 
tentacles and to the muscles and inner 
epithelium of the siphons. The third nerve, 
which is finer than the. other two, arises in 
between them and runs towards the bran- 
chial aperture, obliquely across the wall of the 
siphon, sending nerve-fibres to the muscles 
and the epithelium of the siphon. The two 
nerves arising from the posterior end of the 
ganglion diverge and encircle the base of the 
atrial siphon, sending branches to the 
muscles and the epithelium of the atrial 
siphon. The ganglion consists of an outer 
covering of very large cells with large nuclei 
and a main central zone of a loose fibrous 
matrix in which a large number of bi-polar 
and multi-polar nerve cells are imbedded. 
The large cells of the outermost layer — the 
ganglion cells” — are oblong in outline and 
contain thickly granulated cytoplasm in 
which is imbedded a large nucleus. The 
central zone consists of a mass of inter-lacing 
nerve fibres in wliich a large number of 
nerve cells with two or more dendrites are 
scattered. 

The dorsal Uohercle is situated below the 
nerve-ganglion, in the pre-pharyngeal zone, 
near the junction of the peri-pharyngeal 
bands with the dorsal lamina. It consists 
of a broad base and two conical projections, 
each of which is formed of a spirally coiled 
lobe that tapers towards the summit of the 
tubercle (Fig. 1). In Aseidia and dona the 
tubercle is a simple horse-shoe-shaped 
structure, without the conical lobes, and. 
much smaller in size than in Eerdman^^, 
The basal part consists of a hemispherical 
concave lobe over which lies a convex dona^^ 
shaped lobe. In between the two spiral 
coils lie gaps or open channels which form 
a continuous open channel frorn the base of 
the tubercle to the tip of each cone (Fig. 3). 
The two channels of the;„ two sides meet 
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under the dome-shaped hemispherical basal 
lobe, and form the concave base, in the 
centre of which the ciliated funnel opens. 
The general surface of the organ, except 
the bottom of the most proximal groove, is 
covered by a single layer of tall cylindrical 


this organ, as Metcalf^ and Hunter showed, 
points to a sensory function. The actual 
sensory function subserved may be gustatory 
or olfactory, or, as the author thinks, both— 
since both functions could be efficiently per- 
formed by a pre-pharyngeal sense-organ 



Fig. 3- 

Photo-micrograph of a longitudinal section through the neural gland, nerve-ganglion and 
dorsal tubercle of Hcrdmania pallida. 

Ih'.s. — blood-sinus; cil f . — ciliated funnel. 


columnar epithelial cells copiously provided 
with very long cilia. The rest of the tuber- 
cle consists of loose connective tissue con- 
taining a large number of extensive blood- 
sinuses, conuective tissue cells scattered 
throughout and a number of nerve-fibres 


like the dorsal tubercle. Metcalf demon- 
strated that the opening of the neural gland 
into the pharynx is a modiiied neuro-pore 
and favoured the view put forward by Julin 
that the neural gland is the morphological 
equivalent of the hypophysis cerebri of 



Fig. 4. 

Transverse section through the neural gland, nerve-ganglion and dorsal tubercle of 
Hcrdawnia pallida (Photo-micrograph). 


that supply the covering epithelium of the 
organ. 

The homology and function of the neural 
gland and the dorsal tubercle have been 
subjects of much dispute. Early investiga- 
tors described the dorsal tubercle and the 
ciliated funnel as an olfactory organ. Julin 
considered it merely as the opening of the 
jieural gland. But the rich innervation of 


vertebrates. Julin also suggested that the 
gland subserves an excretory function. 
Lacaze-Duthiers'^ tried to establish the 
theory that the neural gland secretes mucus 
which is poured into the pre-pharyngeal 
zone of the gut and serves the purpose of 


3 1901. 

^ Mem. Acad. Sci. Inst, France^ T. 45, 1. 
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entangling microscopic food particles brought 
in with the water current. But this theory 
can in no way be correlated with the facts: 
(1) that the main work of food collection 
is done not in the pre-pharyngeal zone but 
in the pharynx itselt, (2) that the endostyle 
is the main mucus secreting organ and 
supplies the peri-pharyngeal zone with the 
necessary mucus, and (3) that cells containing 
dark granules are secreted into the cavity of 
the neural gland and are discliarged there- 
from into the branchial cavity. The 
structure oC the neural gland in Herdmania, 
the fact that tlie secretion of tlie gland 
originates by the disintegration of cells 
proliferated from the endothelium of its 
walls and the presence of dark granules in 
the excreted cells, strongly indicate that the 
gland subserves an excretory function. 
The opening of this gland at the base of the 
sensory dorsal tubercle is, however, a 
problematical association. But, as llerdrnam" 
pointed out, this connection between the 
duct of a gland and a pre-pharyngeal sense 
organ may be a secondary and purely 
accidental relationship. 

The relative position of the neural gland, 
nerve-ganglion and dorsal tubercle is also of 
phylogenetic importance. The dorsally 
situated neural gland of Herdmania^ which 
belongs to the CynthiidaB, has thus far been 


found in only one other family of ascidians 
— the Botryllidae. But Botryllidae are com- 
pound ascidians and as such can have no 
direct relation with the CynthiidiB, which 
are simple ascidians, according to ITerdman's 
system of Tunicate classification'’ followed 
in most text-books of Zoology. On the 
other hand, the similarity in the dorsally 
situated neural gland points to a common 
origin of the Oynthiidae and the Botryllidae. 
A number of other examples from Herdraan’s 
system of classification show an unnatural 
separation of forms admittedly allied. 
Clavellina and Dlazona are more similar in 
structure to Ciona than to Coelooormus or 
FerophoraN These affinities can be proved 
embryologically also. It is certain, there- 
fore, that the compound ascidians arc not a 
closely knit group of ascidians obtained from 
one common stock, but tliat they have evolv- 
ed separately from different simple ascidian 
stocks to which they are more closely 
related than to other compound ascidians. 

The author wishes to express his thanks 
to Dr. Sundara Eaj of the Madras Fisheries 
Department for placing the resources of the 
Tuticorin Fisheries Station at his disposal 
for the collection of material. To Professor 
K. ]Sr. Bahl he is very much indebted for 
taking keen interest in the pingress of the 
work and for valuable criticism. 


Obituary. 

Shiv Ram Kashyap (1882-1934). 


R AI BAIIADUE Dr. S. E. KASHYAP, 
B.A. (Cantab.), D.Sc. {Honoris Gaiisaj 
Panjab), I.E.S., F.A.S.B., Piofessor of 

Botany, Government College, Lahore, and 
of the Panjab University and Honorary 
Professor of Botany, Hindu University, 
Benares, died suddenly at Lahore, on the 
26th November, 193-L, of heart-failure. Even 
half an hour before his death, he was 
attending to his work with his charac- 
teristic thoroughness. 

To-day his country is the poorer by the 
loss of one of its best-known and best- 
beloved intellectuals. As a scientist, he 
was respected all the world over and as a 
teacher he will be mourned by a host of 
admiring students all over the country, 
many of whom are holding University Chairs 
in Botany and other important appoint- 
ments. For ever, he will be looked upon as 


one of the chief makers of modern Indian. 
Botany, His pioneer researches on Hima- 
layan Liverworts will go down to posterity 
as a great scientific achievement which will 
keep alive his memory for ever. 

Ill his early life, Kashyap had a brilliant 
and remarkable academic career which can 
seldom be rivalled. Born on Cth November 
1882 at Jheluin of a family with a long 
record of meritorious military services, he 
matriculated from the Pan jab University in 
1899. In 1900, he joined the Medical School 
at Agra and received his Medical Diploma 
in 1904, topping the list of successful candi- 
dates and winning the First Medal. He 
then served for two years in the Medical 
Service of the United Provinces. 

While still a student of the Medical 
School he appeared as a private candidate 
for the Intermediate science examination 


5 Proc. Roy. Soc. JSdin., 1883, 12. 


6 Journ. Linn. Soc. ZooL, 1891, 23. 

7 Garstang, Rep. Brit. Assoc., 1S95, 718-19, 
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of tlie Panjab University and not only 
succeeded in passing the examination in 
the first division but stood at the top of 
the list in the University. lie was offer- 
ed a university scholarship but this he 
declined- to accept and went on with his 
studies at the Medical School. In 1906, 
while serving in the Medical Department of 
the United Provinces, he again appeared as 
a private candidate for the B.Sc. examin- 
ation of the Panjab University and again 
topped the list of successful candidates. In 
the same year he resigned his post in the 
Medical Service and was appointed Assistant 
Professor of Biology at Government College, 
Lahore. In 1909, he passed the M.Sc. exam- 
ination in Botany, again 
getting a very high first ; 
class and standing first 
among the M.A. and M.Sc. 
candidates in the Univer- 
sity. As a result he w^as 
awarded the mucli-prized 
Arnold and Maclagan Gold 
Medals of the University. 

In 1910, he went to 
Europe and joined the 
Cambridge U n i v e r s i ty 
from where, in 1912 he 
took his 
in the Natural 
Tripos. 

On his return home. 

Professor Kashyap was 
appointed Professor of 
Botany at the Govern- 
ment College, Lahore, in 
the senior grade of the 
Provincial Educational 
Service and was promoted 
to the Indian Educational 
Service in 1920. In 1919, 
when the Honours School 
organised by the Panjab 
was appointed University Professor of 
Botany, in which capacity he continued to 
serve the cause of education until his death. 

He had been an elected Fellow of the 
University for many years and the Dean 
of the Science Faculty for along time. He 
was also a member of the Syndicate and in 
1931 officiated as Dean of University In- 
struction for some montlis. He had been 
for several years a member of the Science 
Faculty and of the Boards of Studies of 
several other Universities also, such as 
Agra, Lucknow and Benares. Professor 
Kashyap was the first systematic botanist 


Honours Degree 
Science 



in Botany 
University. 


was 

he 


to preside over the annual deliberations of 
the Indian Science Congress in 1932, ever 
since it was founded in the year 1914. It Avas 
the highest honour that the Indian scient- 
ists could confer on him. In recognition 
of his valuable contributions, tlie Panjab 
University, in 1933, conferred on liim, 
Ho}iorls Causa, the Degree of Doctor of 
Science. 

He was the first secretary of the Indian 
Botanical Society, wliicli was founded in 
1920, and did all the work in its 

organisation. He was its President in 1925 
and was the Editor-in-Chief of its organ, 
the Journal of the Indian Botanical Society. 
lie Avas also an Advisory Editor of Chronica 
Botanica, pnhlislied from 
■ , Holland. He was elected 

I President of the Botany 

i Section of the Indian 

Science Congress in 1919 
wlien the Congress met at 
Bombay. 

He contributed numer- 
ous papers oil various 

groups of the Vegetable 
1 V i n g d 0 m . His c o n 1 1 * i b u - 
tions to three subjects— 
the sexual generation of 
Equisetiim, the Liverworts 
of tlie Western Himalayas 
and the flora of Tibet — 
however, stand out above 
all others. One of bis 

very first ])a,p(U‘S appeared 
in 1919, ill which he de- 
scribed the structure and 
development of the sexual 
geiuuation of Equisehun 
clchilc, one of the Indian 

members of tlie family of 
horsetails, growing at 
Lahore, wliicli was quite dilTereiit from wliat 
Avas known up to that time in many species 
Avorked out by European and American in- 
vestigators. Tlie account was so different 
that some people even made adverse remarks 
ill the beginning but later they all agreed 
when they saw the specimens. In 1917, 
Prof. Kashyap suggested that tlie sexual 
generation of other species Avould also show 
a similar structure as seen in the Indian 
species if certain conditions with regard 
to space and nourishment Avere fulfilled. 
Later work has shown how proxdietic liis 
prediction was. 

The second subject of Prof. Kasliyap’s 
investigations has been the little group of 
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Liverworts or Eepaticce. His contribution 
to the knowledge of the West-Himalayan 
Liverworts has been very great and this 
may be regard.ed as his chief subject. He de- 
scribed 4 new genera and. over 30 new species 
of Liverworts. When his first paper on them 
was published Professor Goebel, of Mnnicli 
University, one of the leading botanists of 
the World, wrote to him : You have struck 
a gold vein in tlie Western Himalayas and 
made a most valuable addition to our know- 
ledge of Liverworts. ” Professor (now Sir 
Jolin) Faimier wrote, “ I cannot refrain 
from congratulating you on the advance 
towards our knowledge of these interesting 
plants which you have been able to make. ” 

. His contribution to the Theory of Evolu- 
tion by Eediiction, in this group is very 
important and has been highly appreciated 
in Europe and America. ITe not only 
greatly expanded this theory and placed it 
on a strong basis but actually followed out 
the various lines of evolution. Dr. Cavers 
wrote to him, I shall have to re-write the 
portion of ‘Inter-relationships’ dealing with 
the Marchantiales.” Recently he published 
a monograph on the Liverworts of the 
Western Himalayas and the Panjab Plain. 
This is a very valuable piece of work and fills 
a great gap in the botanical literature 
of India. 

The third subject to which Prof. Kashyap 
very largely contributed is the Flora of the 
Western Himalayas and Western and Central 
Tibet. He w^as a great traveller and prob- 
ably knew more than anybody else about 
this interesting country. He crossed the 
Himalayas into Tibet at nine different places 
throughout its length and several times at 
some places. Among the regions visited by 
him are Ladak, the sources of practically all 
the rivers of the Pan jab, the world-famous 
sacred country of Mountain Kailas and Lake 
Manasarovar, the sources of the Ganges and 
the Jumna, the country in the neighbour- 
hood of Kanchenjunga, Gyantse, etc., etc. It 
may be said of him that he knew the 
Himalayas as one knows his own home. He 
brought back a very large collection of 
plants from these places, many of which 
have not been recorded from that country so 
far. Besides adding to the botany of these 
regions, he even extended their geographical 
knowledge. The exploration of the Hima- 
layas and the study of its vegetation were 
his life’s passion. It may not be known to 
all that years back when far out on the 
other side of the Himalayas, he fell ill and 


had to be brought down almost in ah uncon- 
scious state. But that could not keep him 
back from further explorations in the follow- 
ing years. Last year, when up on the 
Himalayas, he again became seriously ill and 
had a bad attack of heart trouble. This 
year, he slightly recovered from its effects 
and was planning yet another trip to the 
Himalayas. With him, his work came first 
and if any one remonstrated with him for 
working so hard in his failing health, he 
would say “ Why, my life is not more 
important than my woj'Iv.” Such was his love 
for his work. Those of us who had the rare 
good fortune of working with him as 
colleagues for a number of years look upon 
his death as a personal loss. A distinguished 
scientist, a pioneer botanist, a great teacher, 
and an indefatigable worker, an untiring 
Himalayan explorer, yes, he was all that but 
much more — he was, on top of everything 
else, a sincere friend and a generous helper 
to all his colleagues and pupils. Richly 
endowed with qualities of head, he achieved 
his tremendous popularity even more by his 
unique qualities of heart- He possessed in 
an extraordinary degree that sweet reason- 
ableness which stamped him out at once as a 
gentleman and a man of true culture. All 
those who like me came in close personal 
contact with him, at once felt the subtle 
charm and magnetism and human warmth 
of his presence. 

Such was the man who is deeply mourned 
to-day by a very wide circle of grief-stricken 
friends and admirers. 

H. Chaudhuui. 

The following is a list of the publications 
of Professor Kashyap : — 

(1) Not^s on species of EugUna {Records of the 
Indian Museum, Calcutta, April 1908). (2) Struc- 
ture and development of the Prothallus of 
Equisetiim deVillo {Annals of Botany, London, 
January 1914). (3) Notes on New and Little-known 
West Himalayan Liverworts, No. 1 {New Phyto- 
LogisL Cambridge, 1914). (4) Notes on New and 
Little-known West Himalayan Liverworts, No. 2 
{Neio Phytolofjist, Cambridge, 1914). (5) Notes 

on New and Little-known West Himalayan Liver- 
worts, No. 3 {New Phytologist, Cambridge, 1915). 
(6) Ttie genus Ric?ia and the origin of the Pterido- 
pliytes {Lahore Phil. Soc., June 1915) {Proc. for 
I9i5-1()). (7) Notes on Targionia hypophylla, 

{New Phytologist, Cambridge, 1917). (8} Notes 

on Equisetiim debille {Annals of Botany, London, 

1917) . (9) Liveiworts of the Western Himalayas 

and the Pan jab Plain, No. 1 {Jour. Bolnh. Natur, 
Hist. Soc., 1916). (10) TJverworts of the Western 

Himalayas and the Pan jab, No. 2 {Jour. Bomb, 
Natur. Hist. Soc., 1917). (11) Notes on the in- 
florescence of Zea Mays {Lahore Phil. So c., June 

1918) {Proc, for 19X7-20). (12) Abnormal number 
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of needles in the shoots of Pinus longifolia {Jour. 
Ind Bot , 1919). (13) Presidential Address to the 

Botanv Section of the Indian Science Congress at 
Bombay in Jan. 1919 {Proc, As. Son, Beng., New 
Series, Vol. 15, 1919, No. 4, The relationships 
of Liverworts, especially in the light of some 
recently discovered Himalayan Forms). (14) The 
Indrcecium of Plagiochasnm appendiculaium L. 
&nd P. arHciiJatum {New Phytologist, 1919). 

(15) Variability in some Himalayan Liverworts 
{Lahore PhiL Poc., Pebrnary 1917) {Proc. for 
1917-20). (16) Distribution of Liverworts in tlie 
Western Himalayas {Lahore Phil. Soc., November 
1910) {Proc. for 1917-20). ( 17) Floating Islands of 
Riwalsar {.Jour. Ind. Bot.^ April 1920). (18) Notes 
on the distribution of Liverworts in the Western 
Himalayas, Ladak and Kashmir {.Jour. Ind. Bot, 
May 1921). (19) Some observations on Cycas 
revoluta and C. circinalifi growing in Lahore {Jour. 
Ind. Bot, June 1921). (20) Notes on some Foreign 
Plants which have recently established themselves 
about Lahore {Jour. Ind. Bot.., December 19.32). 
(21) A contribution to the Life-history of Aneura 
indica St. {Jour. hid. Bot., December 1022, jointly 
with S. K. Pande). (22) A long-lost Liverwmrt 
{Monoseleniinn tenerum), [Jour. Ind. Bot. Soc., 
1923). (23) Two Indian species of the genus Nofo- 
thylas {Lahore Phil. Soc., November 1923, Vol. 4). 
(24) Some abnormalities in the flowers of Cannabis 
saliva {Jour. Ind. Bot. Soc., 1925, Vol. 4, 
No. 6). (25) Abnormal sporophylls in the male 
cone of Cycas circinalis {Jour. Ind. Bot. Soc., 
Vol. 4, Nos. 9 and 10). (26) The Vegetation 
of Western Himalayas and Western Tibet in 
relation to their climate {Jour. Ind. Bot. Soc., 
Vol. 4, Nos. 9 and 10, 1925). (27) The colour in 

the flowers of Potcniilla argyrophylla {Ahs. Ind. 
Sci. Cong., 1926). (28) Scdsola fcetida with 

special reference to its galls {Proc. Lahore Phil. 
Soc., Vol. 5, 1925-26). (29) Replacement of 

fertile shoots by vegetative shoots in Euphorbia 
tiheiica Boiss. (30) A new species of Petalophylluni 
P. indicum, Kashyap, from Lahore {Jour. Ind. 
Bot. Soc., 1928, Vol. 7, No. 1). (31) A study of 
Dumortiera (jointly with Mr. Brij Lai Sethi) {Abs. 

* 

Dr. Ekendranath 

T^E regret to announce the untimely death 
of Dr. Ekendranath Ghosh, h.sc., m.d., 
Professor of Biology, Medical College, 
Calcutta, at the age of 50, on the 15th of 
October, at his Calcutta residence. Dr. 
Ghosh was a distinguished graduate of the 
Calcutta University and was appointed as 
the Professor of Biology in 1917. He was 
not only a distinguished Biologist and 


Ind. Set Cong., Madras, 1929 ; Botany Sc'ction As. 
Soc. Beng.). (32) Observations oii the llora of tlie 
Upper Chandra Valley and Spiti {Abs. ind. Set 
Cong., Madras, 1929, As. Soc. Bang.). (33) vSonie 
geographical observations in Western Tihob 
{Jour, and Proc. As. Soc. Bcng., .1929, Vol. 25, 
No. 1). (34) Liverworts of the W(‘8tei'n Himala- 
yas and the Panjab Plain, P^y't I (Pan jab Onl- 
versity Publication, 1929). (35) .Liv<‘r\vorts of the 

Western Himalayas and the Panja.b IMain, Parti, 
Supplement (Panjab University Pa}.>Iiea( ion, 1933). 
(36) Liverworts of the Western Himalaya, s and 
the Panjab Plain, Part II (Pa,nja,b Lniversity 
Publication, 1933). (37) The Liverwort IJora. of 

Sikkim, Read at the Ind. Sci. Cong., Alla.habnd, 
.January 1930 (As. Soc. Beng., Bot. Section). (38) 
Notes on the flora of Central Tibet, B(‘ad at tlie 
Ind. Sci. Cong., Allaliabad, Janiia.i-y 19:U) {Ahs. 
Bot. Sec., As. Soc. Beng.). (39) Some abnormal cones 
in Equisetuin debille '{Jour. Ind. Bot. Soc., Vol. 9, 
No. 4). (40) Some peculiar cones and ndcrospo- 
rophylls of Cycas circbi alls {Jour. hid. Bol, Soc., 
Vol. IX, No, 4). (41) Stellera. chanurjastnc Linn. 

{Jour. Ind. Bot. Soc., 1930, Vol. IX, No. 1). (42) 

Acrogynous Liverworts of tbo Wcsti'rn Jlinia- 
layas {Malaviya Coynmemo ration Vol., 1932). 
(43) Some aspects of the Alpine vegf'tation of the 
Himalaya and Tibet with appemdix— 1/ist of i)lants 
in the Herbarium of the Botany I )(‘pa.rtm(mt, 
Government College, Laliorc, collected by ih'of. 
S. R. Kashyap beyond tlie main nimalayan I'a-nge, 
Pres. Address to the Nineteontli Indian Science 
Congress at Bangalore {Proc. of Uic 29 1 h } nd. y^ci. 
Cong., 1932). (44) Autonomous movi'inent in the 

leaves of Curculigo recurvata, Dry and. {(Jurrent 
yScience,Vol. I, No. 1). (45) Some mnvo {xauiliarities 
in the male cone of Cycas circinafis col]<‘('t(Ml at 
Lahore in. 1932 {hid. Sci. Cong., Patim, 1933, .'\l)s.) 
(46) An account of a Journey to tlx^ (hangobri 
Glacier (Urusvati Journal, 1933). (47) Jointly 

with P. N. Mehra, Dicliobotnous hraiudung in 
the leaves of Pleopeltis shnplax S\v. {(Jurreyii 
Science, 1934:, Nol. Ill, No. 2). (18) hhora, of 

Central Panjab (To be publisluHl shortly by the 
Pan jab University). 

: * 


jhosh, M.Sc., M.D. 

Physician, but was vastly road in Sjuiskrit 
Ayurveda and Hindu Astronomy juid pub- 
lished valuable contributions in all those 
subjects. One of his irnportamt papeu's that 
appeared four days boforo his death is 
reviewed in another place in this issue.. His 
death is mourned by a large ciredo of his 
friends and pupils. 
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Letters to the Editor. 


Note on the Limiting Density, Mass and 
Temperature of Condensed Stars.* 

In a previous note^ it has been shown that 
with electrons degenerate stellar matter is 
completely ionised for number density~10 
and temperature -10. Thus the stability of 
highly condensed stars is maintained by the 
equilibrium between the gravitational pres- 
sure (or energy) and material kinetic and 
radiational pressure (or energy). Besides 
these, electrostatic energy is also to be intro- 
duced. While Fowler and Frenkel" neglect 
this last factor, KotharP holds that this 
causes an appreciable increase in the limit- 
ing density. The kinetic energy of the 
positive ions has also been neglected by 
most workers. We propose to reconsider 
the effects of the electrostatic energy, 
kinetic energy of the positive ions and the 
radiational energy on the limiting density, 
and temperature of Stars. 

jEJlecirosiatic Correction. — In the case of 
completely ionised atoms electrostatic eneigy 
corresponds to the total ionisation potential 
which has been calculated by Sommerfeld-* 
for a Fermi atom. Taking the total number 


of atoms n ■ 


M 


M 


being stellar mass 


2 * 

and 2-5 the average mol. wt. For iron atoms 
1*597 X 10^ ‘^M. Introducing this value in 
the equation of equilibrium : 2T ^ W< 5 +W,; 
the kinetic energy of electrons for the non- 
relativistic degenerate case being taken we 
find that electrostatic correction is negligible 
as suggested by Fowler. The results are 
tabulated below : — 


Effect of the Kinetic Energy of Positive 

3 

ions. — K.E. of positive ions = - NkT = 


* Abstract of a paper read in the Inaugural 
Meeting of the Indian Physical Society. 

^ Ganguli, Curr. ScL, Dec. 1932, 1 ; 1934, 2, 294. 
•2 Fowler, M.N., 1926, 87, 114 ; Frenkel, Z. Phys., 
1929, 55, 

s Kothari, PMZ. Mar/., 1931, 12 , 672 ; see also 
Stoner, M,N., 1932, 92 , 651, 

^ gqmmerfeld, Z.Phys., 1933, 78, 


Star 

Tenip. 

nx 10-^ 

Mo X 102 = 

%correc- 

tion 

Sim 

10‘* 

9-594 

9-561 

0-34 

Eridani 

lO'^ 

2-733 

1-726 

36-4 

Sirius B .. 

lO'^ 

8-106 

6-459 

12-5 


Star 

M/M 

nxlO-” 

noXl0== 

% correc- 
tion 

Sun 

1 ! 

9-588 

9-561 

0-28 

Sirius B . . 

1-lS 

C-474 

6-59 

0-25 

Eridani .. 

2-27 

1-744 

1-726 

1-04 


4*955 xlO'T.M. Thus this is comparable to 
that of electrons even for n. If, however, 
equilibrium be considered at absolute zero 
then it is zero. Modified values of n due to 
this are entered below : — 


Effect of Radia'ion Pressure. — As pointed 
by Jeans radiation pressure exerts a marked 
influence on the hydrostatic equilibrium 
especially for a condensed star. If we 

consider the following condition for stability 
3 GM' 

Fq+Pr -o' calculate the 

0 7T III 

modification in the limiting density. 

Relativistic Case. — For the relativistic case 
which is valid for n> > 5 • 932 x 10“^ the K.E. 
of electrons is 7-243 x 10'^ On introduc- 
ing this into the equation we obtain a critical 
M 

mass ^ 0*2787 above which equation is 

Ms 

not valid. Frenkel introduces the K.E. of 
positive ions and obtains the limiting density 
— lO-h His method is, however, faulty as he 
assumes a maximum pressure for the 
statistical distribution of positive ious given 

by the relation ^ ^ where 

is the maximum pressure for electron distri- 
bution according to Fermi statistics. He thus 
tacitly assumes positive ions to be degene- 
rate. 

Modifications in the limiting density for a 
given star due to the K.E. of positive ions 
and radiation pressure can be calculated. 
One can also calculate the maximum tempe- 
rature for a given star with given density 
and mass by introducing the K.E. of elec- 
trons alone or by taking into consideration 
the K.E. of the positive ions as well. 

A. Ganguli. 

College Dupleix, 

Chandernagore, 

November 1934. 


Formation of Hydrates and Diamagnetism. 

A STUDY of the diamagnetic susceptibilities 
of liquid mixtures has shown that magnetic 
measurements are not sensitive to irtteractiou 
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effects whether between like or unlike 
molecules carrying high dipole moments.^ 
In some cases, even the formation of a 
compound does not affect the electronic 
configuration sufficiently to produce ap- 
preciable changes in susceptibility. We 
need cite only the cases of acetic acid and 
stannic chloride and of ethyl formate and 
stannic chloride investigated by Kido.“ 
As a natural extension of these investi- 
gations, a study was made of the influ- 
ence of the formation of hydrates on 
diamagnetism. 

Cabrera and Fahlenbrach,'^ using aqueous 
solutions of potassium iodide observed 
changes in the magnetic susceptibilities 
due to different degrees of hydration ; they 
also inferred that there was greater hydration 
at higher temperatures and that an increase 
of diamagnetic susceptibility resulted due 
to greater ionic deformation. In view of 
the fact that hydrates in general tend to 
break up on heating, such an influence is 
quite unlikely. This view has also been 
recently advanced by Tammann."^ 

Measurements on acetic acid-water mix- 
tures failed to indicate any changes in 
diamagnetic values at equimolecular concen- 
trations of the components, although a 
definite compound has been proved to exist 
particularly by Eaman effect^ and viscosity 
measurements.^ As was mentioned in an 
earlier paper^ in connection with acetone- 
chloroform mixtures, the deviation of nearly 
12% observed by Sibaiya and Venkata- 
ramiah’^ seem to have also been caused by 
viscosity effects in their experiments. 

The decahydrate of sodium sulphate was 
studied both in the solid state by the Curie 
method and in concentrated solutions by 
the Quincke method. When the hydrate 
was heated to temperatures over 33°C. (at 
which temperature the water of crystallisa- 
tion breaks away and the salt becomes 
anhydrous) no change of magnetic suscepti- 
bility was observed. 

Aqueous solutions of sulphuric acid, 
however, indicated definite deviations from 
additivity at concentrations of the mixture 
corresponding to 2 H 2 SO^, H:>0 ; HoSO^, 


1 Proc. Ind, Acad. Sc., 1934, 1 , 77. 

2 Sci. Rep. Tohoku Imp. Univ., 1932,21, 385. 

3 Zeits. f. Phys., 1934,89, 166 . 

4 Ibid., 1934, 91 , 410. 

5 Ind. Jour. Phys., 1931, 6,* 401. 

« Jour. Chem.^Soc., 1909, 95 , 1556. 

7 Ind^ Jour, p/iys., 1932, 7 393, 


H,0 ; 3HoO : (>1I.,0 and 

IC.SO^, 18H,0. The first liydrate gave an 
increased value while the otliers showed 
negative deviations. The deviations were 
of the order of 3 to 4%* Tliese liydrates are 
also indicated by other physical properties 
such as electrical conductivity, viscosity 
and surface tension. 

The diamagnetic svisceptibilities of 
crystalline sulphates of Li, hla, K and Mg 
were determined in tho solid state by the 
Curie method. The ionic susceptibilities 
of Li+, Na-*-, K+ and Mg+'^ calculated from 
the magnetic values of tlie hydrated salts, 
assuming the validity of tho additive law, 
agree satisfactorily witli the precision values 
of Joos,® Kido,'*^ Ikenmeycr'^‘ and Pascal.' 
This suggests that the binding of tlie water 
molecules to the sulphates is very loose in 
contradistinction to the case of tlie hydrates 
of sulphuric acid. Tliis conedusion receives 
support from the woll-knowii fact that 
while sulphuric acid has a groat avidity 
for water, the other sulqiliates lose their 
water of crystallisation v(U‘y easily. Under 
these circumstances, the results of Kay 
ChaudhurP- seem doubtful. 

It may therefore be concluded tliat there 
is not much theoretical support from these 
data for the concept of the enlargement 
of ionic radii with increa,sed temperature in 
solution. 

Full results will be published elsewhere. 

S. Uamacuiandra Kao. 

P. B. Varadachaki. 
Annamalai University, 

Annamalainagar, 

December 2 j 1934. 


A Preliminary Note on the Chemical 
Examination of the Roots of (Jitndlus 
colocynthis Schrader. 

Citrullus colocyniJiis, called Indrayaii in 
Hindustani, is a plant used in medicine for 
a very long time. The fruit of this plant 
has been chemically examined by Power and 
Moore* in 1910. The roots are described by 
the Sanskrit writers as a useful cathartic in 


s Zeits. f. Phys., 1923, 19 , 347. 

Sci. Rep. Tohoku Imp. Univ., 1934, 22, 835. 
Ann. der Phys., 1929, 1 , 169. 

Comp. Rend.: 1921, VJ3, 144. 

12 Zeits. f. Phys., 1932, 77, 271. 

* Power, F. B., and Moore, C. W-, Jowr. Chem* 
>Soc., 1910, 47 , 99, 
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jaundice, ascites, enlargement of the 
abdominal viscera, urinary diseases and^ 
rheumatism, etc. They are also supposed to 
have a drastic purgative action. 

2 kilograms of the powdered roots were 
exhaustively extracted with boiling alcohol. ; 
The concentrated extract on standing 
deposited a white crystalline stuff, which on 
recrystallisation from alcohol melted at 
230° C. The mother liquor was then 
evaporated to dryness and extracted with 
petroleum etlier. This petroleum ether 
extract on concentration gave a small 
amount of a white sediment, which on puri- 
fication melted at 68° C. From its proper- 
ties and reactions it was identified as 
lientriacontane 

The resinous mass left after the treatment 
with petroleum ether, was then extracted 
with ethyl acetate. The ethyl acetate 
extract on evaporation of the solvent under 
reduced pressure yielded a white deposit 
which was filtered. On recrystallisation 
from ethyl alcohol it melted at 230° C. 
From its properties, reactions and elementary 
analysis it was identified as a-elaterin. 
Tliis was the same stuff as that obtained 
from the alcoholic extract in the beginning. 
The percentage was 0-2 per cent, of the 
dried weight of the roots. (Found 0 = 69*0, 
H=7*5 ; requires 0=69-1, H = 7 *8 

per cent.). ""The diacetyl a-elaterin OgoH^^O^ 
was prepared in the usual way and crystal- 
lised from acetic acid. It melted sharp at 
123-124°. 

The brown stuff of the dried alcoholic 
extract, left after the removal of the 
a-elaterin by ethyl-acetate was then dis- 
solved in boiling water and treated with 
basic lead acetate when an yedlow precipitate 
was obtained. It was filtered, washed, 
suspended in water and decomposed by H^S. 
The resultant filtrate, after the decomposi- 
tion of the lead salt, on concentration, m 
vacMo gave all the reactions of the saponins. 
All attempts to isolate this in a pure form 
have failed uptil now. 

The physiological properties of the drug 
appear mainly due to the presence of 
a-elaterin. A detailed account of the work 
will be published elsewhere. 

E. E. Agarwal. 

S. Dutt. 

Chemical Laboratory, 

Allahabad University, 

November 19, 1934. 


Mannose Dehydrogenase and Ascorbic Acid 
(Vitamin C). 

We have for some months been carrying out 
an investigation on the nature of the 
precursor and mechanism involved in the 
synthesis of ascorbic acid by the rat, which 
is known to be independent of an external 
supply of the vitamins. It has been found 
from incubation experiments with the 
isolated liver, spleen and kidney tissues of 
the rat at 37° in a medium of Einger-Locke 
solution and phosphate buffer at pH 7*4 
that these tissues are able to convert 
mannose but not glucose, fructose, galactose, 
xylose and arabinose, into ascorbic acid, as 
determined titrimetrically.^ Amounts of the 
order of 0- 30— '0*35 mg. of ascorbic acid 
have been formed from mannose per gramme 
of each of these tissues after 3 hours’ incuba- 
tion. It has been possible, further, to 
separate to some extent the mannose 
dehydrogenase system, responsible for the 
dehydrogenation of mannose into ascorbic 
acid, by extracting the acetone-dried tissues 
(liver, spleen and kidney) with water. The 
cell-free extract from liver is able to produce 
0*07 mg. ascorbic acid from mannose per 
gramme of the tissue under the aforesaid 
conditions. The tissues, after being washed 
once with Einger-Locke solution in order to 
remove the normal substrates present, are 
also able to synthesise ascorbic acid from 
mannose. The apparently specific behaviour 
of mannose, among the sugars studied, in 
tljis respect is under further investigation. 

In contradistinction to the rat, the corres- 
ponding tissues of the guinea-pig (which 
is dependent on an outside source of 
vitamin C), both normal and scorbutic, have 
been found to be unable to convert mannose 
(or any of the other sugars mentioned above) 
into ascorbic acid. 

•B. C. Gtjha. 

A. E. Ghosh. 

Biochemical Laboratory, 

Bengal Chemical & Pharmaceutical 
Works, Ltd., Calcutta, 

. November 28^ 1934. 


Haustorial Regeneration of Sandal {Santalum 
album., Linn) and Its Significance. 

The regenerative ability of plant tissues 
varies with different species of plants. While 
some plants can be propagated only through 


^ Guha and Ghosh, Cnr. Sci., 1934, 2, 390. 
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seeds, there are others where asexual or 
vegetative inodes of propagation are possible 
and offer quicker methods of establishing 
stocks in plantation or sylvicultural practiee. 
They are particularly welcome in the case 
of slow growing species like sandal which 
have great economical value. Sandal lends 
itself to stamp planting and if carried out 
in the monsoon season, a fifty per cent, 
success can be obtained. 



Fir. 1. 


Sandal can also be propagated through 
root suckers ; when a sandal tree is trenched 
at a distance of about 5 to 6 ft., it is 
common to find root suckers sprouting up 
from both faces of the trench. A larger 


number of them come out of the outer 
surface thereby indicating that a root 
disconnected with the parent tree is capable 
of regeneration. Experiments in the nur- 
sery under controlled conditions showed 
that one of the essential conditions that 
appears to be necessary for the success of 
such a type of regeneration, is that the 
decapitated root should maintain its haus- 
torial connection with its liost plant. The 
regenerative ability of root suckers is 
therefore closely associated with the 
haustorial connection, a fact convincingly 
brought out by Fig. 1, emphasising the 
physiological independence and parasitic 
character of the haustorial connection. The 
illustration is the drawing of a specimen of 
Fongamia root E exposed by soil erosion on 
the bank of a water-way near Uttarahalli. 
At the time of observation, the root was not 
in connection with any sandal plant but the 
haustorial connections H were intact. A 
few weeks later, the haustorial connections 
sprouted giving rise to sandal shoots. 

M. SUEENIVASAYA. 
Department of Biochemistry, 

Indian Institute of Science, 

Bangalore, 

December 6', 193d, 


Relative Parasitism of the Cotton Root -Rot 
Organisms from Gujrat Soils. 

Amongst the organisms isolated from 
affected roots of cotton, the principal ones 
are: (1) Fusarium vasinfecium form. (2) 
Mamrphomina sp. (Rhizoctonia halatlcola)^ (3) 
a species of Cephalosporium, and lastly, (-1) 
a Gephalohiis species of nematodes. Of these 
the Ceplialosporium occurs rarely and there 
is no evidence to show that it is a parasite. 
The Fusarium vasinfecLu?)! form has been 
shown to be non-path ogenic. Dhider any 
circumstances this form of Fusarium has not 
given any infection and this observation 
has been confirmed by another worker from 
a wilt research laboratory to whom this 
form was sent. Fusarium- obtained from 
Jalgaon and Broach as also the one from 
Desan, a village in Baroda territory, wdiere 
wilt exists, gave a high percentage of 
infection. 

It may be noted from Fig. 1 that the Desan 
fungus was a fresh culture (pot Nos. 3-4), 
whereas the fungus used in pots 1-2, 5-6 
was from Jalgaon and Broach wilt areas 
respectively and isolated from the gorat soils 
from Baroda infected for the third time. 
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Fig. 1. 

Infections with Fiisarium vasinfcctuni form from 
wilt and rot soils. — (1) Jalgaon^ 9 plants — 3 deaths. (2) 
Jalgaon, 12-1, (3) Desan, 10-10, (4) Desan, 11-8, (5) 
Broach, 6-1, and (6) Broach, 9-0. 

The fresh Desan fungus is very virulent as 
compared to the other two, which have lost 
their infective property due to their having 
remained for two generations in gorat soil. 

Nematodes are generally symbiotically 
associated witli this Fusarium> Baroda form. 
No culture of the nematodes could be 
obtained free from the fungus although the 
fungus could be cultivated free from 
nematodes by dropping the worms in a 
liquid culture medium. It was thus quite 
probable that the existence of this Fiisarium 
in affected plants was due to these nema- 
todes. 

The more closely associated rot organisms 
were thus the nematodes and Maeroi}liomina 
sp., the parasitism of which could not 
always be induced under ordinary circum- 
stances, although some evidence to that 
effect has been obtained. An interesting 
observation on the May and monsoon-sown 
cottons led to the discovery of the conditions 
favouring parasitism. A survey of the rot 
incidence made in the beginning of this 
Scheme on 1931-32 cotton crop from the 
Agricultural Experimental Station at Baroda 
indicated that rot occurs more extensively 
in the May- sown irrigated cottons as 
compared to those sown in monsoon after 
the first showers (Fig, 2). 

Plot No. 22 (see graph) was sown on 15th 
of May 1931 and irrigated with well water 
seven times ; this shows a rot percentage of 
92 whereas with the monsoon-sown crop the 
percentage lies between 23 to 58, These 
latter plots were sown between the 18th and 
the 19th June, after the first showers which 
occurred on the 16th June 1931. Total 
precipitation for the year amounted to 
55-60 inches. The only difference between 
the May and June sown crops lay in the 
conditions of irrigation, soil humidity and 
temperature. After the first showers the 
conditions were identical for both the crops. 


Eegular meteorological data were collected 
from April 1932 and an examination of these 
showed that a soil moisture of 30 per cent, 
and a temperature of 40° C. favoured para- 
sitism in Macfopliomina and nematodes 
jointly, although each one was capable of 
becoming parasitic under identical conditions. 



Experiments in which the organisms enjoyed 
these conditions were, therefore, planned in 
order to find out whether such conditions 
are conducive to infection. The methods 
employed were as follows. — 

1. Boots of rot- affected cotton plants 
were cut into pieces, the bark being peeled 
off. This material was mixed up with 
sterilised soil and incubated for eight days 
after which delinted seed was sown. The 
temperature ranged between 38° — 40° C. 
Within a month from sowing, out of a total 
of 25 seedlings 13 died of rot from which 
MacropJiomina and Hemas were isolated. 
Controls from temperature tanks and rooms 
did not produce any deaths. 

2. Boots from alTected plants were 
chopped into pieces and mixed with sterilised 
soil. These were incubated for eight days in 
a multiple incubator with a range of tem- 
perature between 27° — 42° C. Out of 41 
seedlings 39 died of rot. Death roll ranged 
high between 30° — 42° C. and isolations 
gave pure Macropliomina and Nema cultures. 

3. Sterilised soil was mixed up with 
healthy cotton stalks and autoclaved. 
Cultures of Macrophomina and Nenias on 
cotton stalks were used. Infections were 
done with individual organisms and mixtures. 
Controls were kept in temperature tanks and 
at room temperature. The temperatures 
in the tanks ranged between 38°~40° C. 
Three out of the 15 seedlings from Macro- 
phomina-pot and three out of 9 seedlings 
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from Fema-^ot succumbed, and from the 
mixture one out of 9 died after a lapse 
of one month. Isolations gave identical 
organisms from dead plants. 

4. Only Maerophomina was used in the 
same manner with two controls. Tempera- 
tures of the tanks ranged between 35° — 
42° C. but of the 25 seedlings from 5 pots 14 
died of rot from one tank and out of the 23 
from the second tank 8 died after a lapse of 
one month. Isolations gave pure cultures 
of Macrophomina and there were no deaths 
in the controls. 

The infective capacity of Macrophomina 
and Wema became established thus under 
certain temperature and humidity conditions 
of the soil. No sooner these conditions 
disappear the organisms tend towards 
saprophytism in the soil (see Fig. 2). 

In all the above experiments water from 
the well wnth pIT 8 was used. The tendency 
of the Fusarium msinfectmn form (pH ‘5*4) 
being towards acidity while that of Nema 
and Macrophomina was towards alkalinity 
as observed from cultural filtrates (pll 
7*6 — 8*0), The soil reaction ranged from 
neutral to alkaline and compares with the pH 
ranges for the two infective organisms. The 
action of the irrigated water as compared to 
the rain water may also be taken into 
consideration. 

In view of the results obtained, in addi- 
tion to the study of resistant and immune 
strains to rot, control measures are being 
developed, involving soil disinfections, manu- 
rial and change of sowing date trials. 

V. N. Likhite. 

V. G. Kulkarni. 

Indian Central Cotton Committee's 
Cotton Eesearch Station, 

Alembic Eoad, Baroda, 

November 3, 1934. 


On the Introduction and Spread of FupJiorhia 
geniculata, Orteg, in South India. 

In June 1933 I found several specimens of a 
species of Euphorbia growing in cultivated 
ground in Kengeri f9 miles from Bangalore). 
A little later I found the same plant growing 
as a weed in Bangalore. Being unable to 
identify it with the help of Indian floras I 
sent specimens to the Calcutta Herbarium 
and to Kew. Both Mr. Biswas and Mr. Fischer 
identified the plant as Euphorbia geniculata, 
Orteg. a native of Tropical America. 

After making numerous enquiries I even- 
tually came across an old gardener in the 


Government Gardens at Bangalore who told 
rne that he clearly remembered that when 
Mr. Stephen first came to the Lalbagh he 
brought with him a pot of this plant and 
another containing a variety of Capsicum. 
Both plants grew well and set seed in 
Bangalore. The Capsicum became a popular 
garden plant for some years but appears to 
have now died out. The Euphorbia was also 
planted in gardens and soon established 
itself as a garden escape. Mr. Fischer tells 
me that Mr. John Horne Stephen came out 
to the Lalbagh gardens from Kew in 1891 as 
Assistant to Mr. John Cameron but soon 
left having obtained the appointment of 
Superintendent of the Government Gardens, 
Nagpur. 

Euphorbia geniculaia is a pretty plant suit- 
able for edging in gardens although the 
original scarlet coloration of the leaves has 
been lost except occasionally when it 
grows in exposed situations. It produces 
enormous numbers of minute seeds and its 
spread is doubtless due to this fact. It 
cannot at present be regarded as a serious 
pest but it is becoming a troublesome weed 
in gardens and cultivated land. 

With Bangalore as its starting point this 
plant has proceeded in various directions 
over many miles of Mysore State. It has 
advanced to Devanahalli on the north and 
to Hoskote on the north-east. On the east 
. it has proceeded to Whitelield and on the 
south-east to Anekal. It has gone as far as 
Kankanhalli on the south and to the hamlet 
of Gangenhalli on the west. On the old 
Madras road it has reached the British town 
of Hosur. Last May I saw it established at 
Nanjangud, over one hundred miles from 
Bangalore. Eecently it has made its appear- 
ance in the city of Madras, having estab- 
lished itself on a piece of vacant land near 
to the Government Eoyapettah Hospital. 

The leaves of Euphorbia geniculaia liave 
been widely known as a purgative for many 
years among the poorer classes in and 
around Bangalore. The credit of the dis- 
covery goes to a gardener in Bangalore who 
in the earlier years of its introduction ate it 
as a pot-herb and experienced violent purging 
as a result. It is interesting to note that 
even to-day this purgative is taken always 
mixed with food. 

P. V. Mayuranathan. 
Government Museum, 

Madras, 

November 29, 1934. 
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The Original Home of Aehyranthes as -per a L. 

In a recent paper, Joslii’- lias described 
some variations in the behaviour of the 
two medullary bundles in the stem of 
Aehyranthes aspera and has tried to trace the 
original home of the plant from the varia- 
tions he observed. The latter part of the 
paper appeared interesting to me and I 
thought of putting liis amazing suggestions 
to a test. 

Twenty plants were thoroughly examined 
from top to base. They provided 20S inter- 
nodes, each of which was cut at three 
places— top, middle and base. Most of the 
sections were examined under the micro- 
scope. 

Out of the internodes examined, only 
12 showed a single amphixylic bundle in 
the lower half, while in the upper half the 
two bundles were quite free. In one inter- 
node the upper half showed a single amphi- 
xylic medullary bundle, while the lower 
half showed two free normal bundles. In 
yet another internode there was a single 
amphixylic bundle running throughout its 
length. 

Apart from these 14 internodes, all the 
rest, out of a total of 208, showed two free 
medullary bundles throughout their length. 

lifow, geographically Agra is * situated 
between Benares and Lahore. Therefore, 
if Joshi’s hypothesis is correct, the majority 
of the internodes in the Agra plants should 
show a fused condition of medullary bundles, 
which is not actually the case as the above 
figures show. 

I may point out one probable source of 
error in his observations. That he did not 
use the microscope as frequently as is needed 
is amply clear from the fact that ho exam- 
ined most of the material ^^on the spot” 
after cutting it with a safety-razor blade 
I have observed that in a large number of 
cases, the medullary bundles approach each 
other so closely as to appear to have fused. 
But a section under the microscope reveals 
that they are free. 

I have also observed the following excep- 
tional conditions not mentioned by Joshi : 

(i) Out of the two medullary bundles, 
one is normal while the other is amphixylic, 

(ii) A single normal medullary bundle 
takes the place of the usual two. 


^ Jo.shi, A. C., “Variations in the medullary 
bundles of Aehyranthes aspera L. and tlie original 
horn of the species.” JNew Phyt., 1934., 33, 
53-57. 


In the end I would humbly submit that 
the facts in nature are usually not so easy 
to explain, and a hasty conclusion makes 
the confusion worse confounded. To build 
the whole edifice on a lean foundation is 
more than desirable, 

B. L. Gupta. 

Department of Botany, 

Agra College, Agra, 

October, 1934. 


A Fossil Dicotyledonous Wood from Assam. 

In December 1933, Mr. C. S. Purkayastha 
of the Assam Forest Service sent to the 
Forest Eesearch Institute, Dehra Duii, two 
pieces of fossil wood for identification. 
These he had collected from Dhansiri Eeserve 
in Nowgong Forest Division, near Nailalung 
Bail way Station, about 20 miles from 
Lurnding Junction (A. B. Bailway). On 
superficial examination both specimens 
were found to be secondary wood of 
dicotyledonous tree but entirely diiferent 
from one another. The object of this note 
is to put on record the identification of 
specimen No. 2. 



Fig- 1. X 150 


Tangential section showing uniseriate rays (R.) 

The specimen is not very large. It is 
somewhat circular in cross . section, the 
diameter being 5 inches and the length 
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8 indies. From the look oE the specimen 
it seems to be a portion of a fairly big 
trunk. Its preservation is very bad and 
uneven. On the longitudinal surfaces black 
stripes are observed indicating disintegration 
of the woody tissues in some places. 

A good many sections (cross, tangential 
and radial) were cut and mounted in the 
usual manner. Althougli these sections 
were far from perfect, yet it was possible 
to find in them the minute anatomical 
structure essential for the identification 
of the wood. Moreover, macerated material 



Fig- 2- X 280 


Tangential section showing triseriated ray with resin 
canal (C.) in the middle, vessel (V.) with tyloses 
and uniseriate rays (R.) 

of the wood was obtained in a sufficiently 
good state of preservation to enable a study 
of the pits on the walls of the vessels, 
fibres and parenchyma cells. The anatomi- 
cal structure of the fossil wood may be 
summarised as follows : — 

It is a diffuse-porous wood with mostly 
medium-sized vessels, which are heavily 
tylosed and filled with brownish deposits. 
Parenchyma cells are yasicentric and in 
narrow metatracheal bands, which may run 
to a considerable distance across the rays, 
or may end abruptly after running a short 
distance. The rays are of two types: (i) 
uniseriate, (ii) 3-4 seriate. The latter type 
is fusiform and contains horizontal resin 


canals which are ratlier small in size. In 
these features as well as in the pits, the 
fossil wood shows great similarity to the 
woods of Glula species of the Anacardiacese. 
The name Gliitoxyloji assamica is, therefore, 
proposed. Details of the geological formation 
in which the fossil wood was found and a 
description of the minute anatomical 
structure of the wood itself will bo published 
elsewhere. 

K. A. Chowdhuuy. 
Forest Eesearch Institute, 

Debra Dun, U.P., 

October 4^ 1934. 


Abnormal Flowers of Cassia fistula Linn. 

An examination of a large number of flowers 
of Cassia fisHda, with a view to collecting 
some data regarding the occurrence of 
polyphylly^ in the gynoecium of the flowers 
of the species, which was noted some time 
last year, revealed the existence of the 
following types of abnormalities. 

1. Median floral prolificationr — In cases 
recorded by Masters (vegetable teratology), 
the iDrolonged axes have been terminated by 
a flower bud. In this case, the axis has 
grown into an inflorescence, bearing a 
number of buds in a racemose manner. 

2. Axillary floral ijrolification A normal 

flower occurs in the axil of one of the 
anterior sepals. Associated with this is the 
suppression of two of the ten stamens. 

3. Besides prolification, polyphylly of 
the various floral whorls was also met with. 
Polyphylly of the gynoecium (in a few cases 
upto seven carpels) was most frequently 
seen. In only one case was there a multi- 
plication of all the floral whorls. In otliers, 
the polyphylly of any particular series 
(calyx, corolla, audroecium, etc.) was un- 
accompanied by any loroportionate multipli- 
cation of the rest of the floral parts. 

Figures, and a more detailed account of 
the abnormalities will be published else- 
where. 

T. S. Eaghavan. 

K. E. Venkatasubban. 
Annamalai University, 

Annamalainagar, 

S. India, 

November 27 ^ 1934. 

^ Polyphylly. Members of any particular whorl 
are increased in number. 

- Prolification is the production of buds either 
in the centre of the flower or axillary to some of 
the floral leaves. 
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Life History of JSerpestis monniera 
H. B. & K. 

The embryo sac of the Seroplmlarinem is a 
subject of unabated interest and a large 
volume of literature has grown around it in 
recent times. On tlie other hand, a detailed 
cytological account is conspicuously absent 
in the available literature. The present 
paper represents a summary of the results of 
an investigation embodying the cytology of 
the pollen mother cell, the development of 


the embryo sac, embryo and endospermal 
haustoria in Eerpestis monniera. 

The material for study is a fairly abundant 
weed around water margins in Bangalore 
and is in flower practically throughout the 
year. 

The meiotic phenomena in the pollen 
mother cell and the megaspore mother cell 
have been followed in detail especially in 
regard to the chromosome behaviour. The 
mode of pairing of chromosomes is found to 
be parasynaptic. A process of simultaneous 



Figs. 1 to 8. 
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quadripartition by gradual centripetal 
furrowing results in the organization of the 
tetrads of pollen grains (Fig. 8). Twenty-four 
bivalents have been counted in the polar 
view of the heterotypic metaphase (Fig. 7). 
The pollen grains at the time of shedding 
are binucleate (Fig. 6). 

The bilocular ovary is placed in a median 
position in the flower and has massive axile 
placenta bearing indefinite number of 
anatropous ovules all round except at the 
apex. The hypodermal archesporial cell 
is directly transformed to the megaspore 
mother cell without a periclinal wall. The 
chalazal megaspore of the linear tetrad 
grows into the eight-nucleate embryo sac 
(Fig. 1). The organization of the uninucleate 
embryo sac is coincident with the disinte- 
gration of the nucellar tissue. The mature 
embryo sac is thus in intimate contact with 
the innermost layer of the cells of the 
integument. This layer forms a nutritive 
tapetum and has been known as either the 
tapetum or epithelium. 

Two male cells are organized in the grow- 
ing pollen tube. Double fertilization has 
been observed. Syngamy is effected in a 
resting condition. The two polars are 
completely fused by the time the male 
nuclei are discharged into the embryo sac. 

The first division of the primary endo- 
sperm nucleus is immediately followed by a 
transverse wall resulting in a chambered 
embryo sac. The nucleus of the lower 
chamber divides once with no wall-forma- 
tion. This chamber develops into the 
chalazal haustoriura. The upper chamber, 
in addition to contributing to the entire 
endosperm forms a micropylar haustorium 
with four uninucleate lobes. The micro- 
pylar haustorium is very aggressive and 
persists even in the seed, the tips projecting 
out of the integument (Fig. 4). The chalazal 
haustorium is short-lived and disintegrates 
early (Fig. 5). (The formation of the endo- 
sperm and the haustoria is indicated in 
diagram 3.) 

A long period of rest intervenes after 
fertilization and w^hen the endosperm has 
attained considerable dimensions the ferti- 
lized egg undergoes division. The one-celled 
embryo is fairly long. The embryogeny 
conforms to the Capsella-type with this 
exception that the first cell of the suspensor 
after giving rise to the hypophysis under- 
goes a number of transverse divisions. The 
suspensor disintegrates early (Fig. 2). 


Thanks are due to Dr. M. A. Sampath- 
kumaran for guidance and criticism. 

K. V. Srixath. 

Department of Botany, 

Central College, 

Bangalore, 

November 19, 1924. 


Gametogenesis and Embryogeny in Some 

G ommelinacece . 

The salient observations made by the writer 
on Cyanotis eristata Schlf., Cyaoiotis axillaris 
El. & S., Aneilema spiratum E. Br., and 
Zebrina penclula Schn. are given here, the 
details being treated in the full paper to be 
published elsewhere. Unlike in Gommelina 
bengkalensis Linn., none of the above- 
mentioned plants produce any cleistogamous 
flowers. 

A T-shaped tetrad of megaspores is formed 
in Aneilema spiratum. Ko wall is formed 
between the two megaspore nuclei in the 
micropylar daughter cell in the case of 
Zebrina peyidula. In Cyanotis eristata^ 
the mature embryo sac is restricted to an 
upper dome-like portion of the ovule formed 
by the development of a circular constriction, 
the micropylar collar (Fig. 2}. The antipodals 
are ephemeral in all the plants studied. 
After fertilisation, the narrow antipodal 
end of the embryo sac of Cyanotis eristata 
pierces deep down into the nuceilus as a 
haustorium, which is occupied by some of 
the first formed free nuclei of the endosperm 
(Fig. 2). Such a structure has not been 
noticed before in the G omni elinaceoe . While 
the ovule increases in size, there appear 
four infoldings of the wall, which develop 
into the pits found on the seed. 

The haploid number of chromosomes in 
the pollen mother cells is ten in Cyanotis 
axillaris and twenty in Aneilema spiratim. 
These have been determined .for the first 
time. Size differences exist among the 
gemini in both the plants (Fig. 1). In the 
early stages of its formation, mitotic 
divisions take place in the tapetal periplas- 
modium in the anther. Needle-shaped 
crystals are observed in the periplasmodium 
when the fresh anthers are teased out. 
The peculiar rod-like bodies figured by 
Maheshwari and Singh* in Gommelina 


* Maheshwari, P., and Bahadur Sin^h, “A Preli- 
minary Note on the Morphology of the Aerial 
and Underground Flowers of Coinmelina henghal- 
ensis, Linn. ’’ Curr. Sci., 1934, 4 , 158-160. 
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henghalensis are not found in the periplas- 
modiurn of the plants studied by the writer. 
The microspores contain only two nuclei 
at the shedding stage. The division of the 
generative nucleus, which usually becomes 
sickle-shaped, takes place in the pollen tube. 




5 X 600 6 X 600 

Double fertilisation has been observed in 
Cyanotis cristata. During, syngamy the male 
nucleus shows spireme condition of its 
chromatin, while the egg nucleus rem.ains 
in the resting stage. 

The embryo of Cyanotis cristata is at first 
merely a spherical mass of cells,, thus 
conforming to the Pistia-type. The sheath 
of the cotyledon is formed early as a circular 
outgrowth from the peripheral zone of the 
apical portion of the developing' embryo ; 
the lamina of the cotyledon subsequently 


arises as a lateral outgrowth on the sheath 
(Fig. 5). The stem apex then takes its origin 
in the central depression of the apical or 
terminal portion, which alone thus forms 
both the cotyledon %nd the stem apex 
(Fig. 6). The growth of the cotyledonar 
lamina gradually extends by its lateral 
margins, which merge with its sheath. In 
the mature embryo, the cotyledon forms a 
complete covering over the vegetative 
point. Tlie radicle is differentiated from 
the central portion of the broad proximal 
end (Fig. S). During germination the 
cotyledon remains in the seed as a spherical 
structure, and develops a long thread-like 
stalk, connecting the seedling with the seed 
(Fig. 4). 

The development of the embryo of 
Cyanotis cristaia briefly described here is 
in accordance with the view adopted by 
Worsdellf for the embryo situation in the 
Comnielinacece and the Dioscoreacece. On 
the other hand, Solms-LaubachJ stated 
that the cotyledon is lateral in origin in the 
above-mentioned families. 

I am indebted to Dr. M. A. Sampath- 
kumaran under whose direction this work 
has been done. 

K. Lakshminaeasimha Murtiiy. 
Department of Botany, 

Central College, 

Bangalore, 

Hovemher 27, 1934. 

Contribution to the Morphology of Ottelia 
alismoides (Pers.), 

Plants of the family Eydrocliaritacece 
have received considerable attention since 
the time of FischeF (1880), who has worked 
out the development of embryo-sac in JElodea 
canadensis. Particularly interesting and 
exhaustive among them is the work on 
ValUsneria spiralis, which is the classic 
example to illustrate water pollination. 
Eecently, Eangasami^ has wmrked out the 
complete life-history of this plant. Palm- 

t Worsdell, W. C., “ The Morphology of the 
Monocot yledonous Embryo and that of the Grass 
in particular.” Ann. Bot., 1916, 30, 509-524. 

X Solms-Laubach, H. Grafzu,*' Uber rnonocotyle 
Embryonen mit scheitelburtigcn Yegetation- 
spiinkt.” Bot. Zeit., 36, 1878. (Absti*acted by 
Schnarf, K., Enihryologie der An(jiosperme7i^ 
Beilim 1929). 

Extract from Die Zytologie der 

Bluten Pflanzen, 1026. 

3 Contribution to the Life-history of Vallis^ 
neria spiralis, Journ, Ind, Bot, Soc., I984t 
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has reported the development of embryo-sac 
in Oltelia lancifolia to be of the usual 
Helobij© type. Some of the observations 
made below show interesting variations 
from the species studied by him. 

Megasporogenesis : — Usually, there is a 
single hypodermal archesporial cell (Fig. 1) ; 
but occasionally it may be multi-cellular 



3 


(Fig. 2). In any case, only one develops 
and directly becomes the megaspore mother 
cell. After the usual heterotypic divisions, 
a linear tetrad is formed of which the 
chalazal rhegaspore develops to form a 
typical 8- nucleate embryo-sac (Fig. 3). The 
synergids are very conspicuous ; each, being 
pyriform in shape, consists of a hyaline 
beak and a large vacuole at the base (Fig. 3). 
The egg is suspended between these two 
synergids. The antipodals are organised 
into cells (Fig. 3). The two polar nuclei are 
half-fused by the time the pollen tube enters. 

Microsoporogenesis : — The earlier develop- 
ment of the anther is normal. The tapetum 
ultimately forms a periplasmodium with 
isolated cells. A similar case is reported 
by me in LimnopJiyton obtusifolium (Miq.)^. 

4 Life-history of LimnopJiyton obtmifolium$ 
Cwr. Sci., 1933, 2, 53, 


The endothecium is ill-developed. The 
chromosome number is 36 (haploid) (Fig. 4), 
The tetrads of microspores are usually iso- 
bilateral (Fig. 5), but frequently they are 
arranged in a linear series wliicli is rather 
peculiar (Fig. 6). Another interesting -fea- 
ture is the structure of the pollen grain 
(Fig. 7). While all the members ol the 
Hydrocharilacem so far investigated show 
three nuclei in the pollen grain at the time 
of shedding, in the case of Oltelia alismo- 
ides a tube nucleus and a generative cell 
are found. 

Grateful acknowledgment is due to Dr. 
M. A. Sampathkumaran for helpful criticism 
and guidance. 

S. K. Narasimh/1 Murthy. 

Department of Botany, 

Central College, Bangalore, 

November, 1934. 


Specificity of Parasiticism by JSublemma 
amabilis. 

Imms and Chatterjee^ were the first to 
realise that ^^no appreciable improvement 
is likely to result in lac cultivation until 
experiments have been conducted with 
reference to the elimination of insect ene- 
mies.” There are at once two ways open 
in following such an enquiry, one of eradi- 
cating the enemies, the other of making the 
lac insect more resistant. The former 
appeals to an infectionist who would argue, 
just as a tiger is all-powerful in comparison 
with a buffalo so that the latter’s health 
cannot be given the least thought in consi- 
dering its having fallen a prey to a tiger; 
likewise no parasite would spare a host if 
it is unprotected and within easy reach. 
He would also grant as a corollary it is not 
only one species but several insects which 
can be attacked by the same parasite if the 
hosts are equally weak and helpless. The 
other line of research would be taken up 
by a predispositionist who wmuld emphasise 
the somatic condition of the parasitised 
insect as compared with an immune host. 
To give a concrete example Sreenivasaya- 
showed that a deficiency of Calcium in the 
food of the lac insect resulted in an increas- 
ed death rate from parasiticism. Apart 
from physiological factors of predisposition 

^ Iromsand Chatterjee, ‘‘ Structure and Biology 
of T. lacca,'' Ind. For. Mem.^ 1015, 3 , Pt. 1. 

2 M. Sreenivasaya, “The Fundamentals of inten- 
sive Lac Production,” J. Sc. Assoc., Maharaja's 
Qol., Vizianagaram, 1924, 1 , 436, 
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there are more subtle constitutional ones 
pertaining to specificity of parasiticism. 

As majority of entomologists belong to 
the infectionistic school of thought, Imrns 
and Chatterjee have naturally considered 
tl]e possibility of alternate hosts of lac para- 
sites and stated, “to solve this problem 
adequately involves an investigation of all 
likely coccids occurring within the lac 
producing areas and breeding the parasites 
therefrom Following their suggestion, 
I actually undertook as thorough a survey 
of the coccid fauna of Bangalore as I could 
possibly make which led to the discovery 
of new species of lac, pseudo-lac and other 
scale insects. Likewise, parasites were also 
reared from these coccids giving rise to 
several new species and some new genera 
of chalcids. After a thorough survey P 
concluded, “There is no danger to the lac 
insect in its common enemies having alter- 
nate hosts .... for such an enquiry .... 
gave at every step a negative result .... 
and (led) to specificity of parasiticism.” 
Glover^ nevertheless says, “ Several (lac 
parasites) are suspected of parasitising also 
insects other than lac ... . the alternative 
host forms a convenient breeding ground 
for the parasites.” As a concrete example 
he writes, “ Maehcerola .... is an alter- 
native host for Brasema annulieaudis . This 
latter enemy not only harms lac but is also 
a hyperparasite of the lac friends, Apanteles 
tacJiardice and Bracon tachardim.’' Before 
Cameron, Howard had already named the 
same insect Anastatus tachard/ice which Dr. 
Gahan kindly points out, should be corrected 
to Bupelmus tacliardim, Xow Imms and 
Chatterjee had suspected it as a beneficial 
insect while I definitely proved it to be a 
parasite of B. amabilis caterpillars. As 
circumstantial evidence had mentioned 
that Gernet, who studied dried specimens 
of stick lac in Eussia before 1863 , was the 
first not only to illustrate a caterpillar of 
B. amabilis but also to give two figures of 
Bupehiiustachardim^ How. — the close associa- 
tion of the host and the parasite was there- 
by indirectly supported. Glover takes no 
notice whatever of previous references and 


3 S. Mahdihassan, “Some insects associated 
with lac and a symbolic representation of their 
inter-relationship,” J. Sc. Assoc,., Maharaja's 
Col,, Vizianagaram, 1925,2, 86. 

^ P.>M. Glover, A Praclical Manual of Lac Culti- 
vation, Calcutta, 1931. 

^ S. Mahdihassan, same as No. 3 above, p. 76 
and also reference No. 6, p. 395, 


to the contrary, makes the glaring statement 
of having found it inimical to lac itself. 

As previously remarked, factors pertaining 
to predisposition are constitutional and 
physiological. That B. amabilis attacks 
only the commercial lac insects of the genus 
LalcsJiadia, and never the allied ones Melata- 
chardia or the pseudo-lac insects of the 
germs TacJiardlna, would be considered an 
inherent factor. That some lac colonies 
may escape the attack of B. amabilis^ in a 
locality where this moth does occur, would 
not be considered merely accidental but a 
consequence of a physiological factor making 
the particular colony immune. It would be 
imagined that an unhealthy lac colony emits 
odours attractive to the parasite while a 
healthy one would avoid sending such 
suicidal messages. This is not a lame hy- 
pothesis. It was found LaksJiadia mysorensis 
growing on Acacia farnetdana and on PitJie- 
colobium dulce in the same locality, would 
show a far greater degree of injury on the 
latter or the less suitable host plant. In fact 
by growing a less suitable host along with the 
favourite tree and both infected with lac, 
the former would trap or attack the greater 
portion of the moths. Before a second 
generation of tlie parasite emerges, the crop 
is harvested and destroyed to prevent the 
parasite from breeding. This may be called 
a catch crop for the destruction of the para- 
site. Sreenivasaya and I have successfully 
tried this experiment at Dorsaiiipalya wliere 
A. fames iana was grown to entrap the 
larger number of parasites which would other- 
wise all attack the lac colonies on Shorea 
ialura. The colonies on A. fames iana were 
physiologically handicapped in their race 
for life in order to save the colonies on 
S. talura against the aggression of B. 
amabilis. 

The following experiment was undertaken 
to show the constitutional basis of pre- 
disposition. In a plot where A. farnesiana 
plants were growing it was found that the 
most common scale insect, Anemolus indiciis, 
had colonised itself. Six plants were select- 
ed and divided into three pairs. One pair 
had A. indiciis and Lakshadia mysorensis 
each. The second two plants had T achardina 
ternala (brood lac imported from Travan- 
core) and L. mysorensis. The last set had 
A. indicus and T. ternala. The plants were 
glowing so close to each other that several 
branches touched one another. Branches 
were cut at different intervals to examine 
the eggs of predacious moths ] on this 
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there has appeared a separate article.'* On 
L. mysorensis eggs of Eiihlenima aynabilis 
and of E. sciiula were found. On A. mdicus 
no E. amabilis liad laid an egg and so was 
T> lerna'a free from it ; E. scitula, however, 
had attacked botli these insects which it 
also does in nature. It would be admitted 
that T. iernata has a very soft encrustation 
while the skin of J.. indims is softer than 
the encrustation of T. tcrnata, thus there 
wuis no question of the hosts being mechani- 
cally protected against the weapon of attack 
possessed by the caterpillar of E. amabilis. 
It was a case of the sheer instinct of the 
female moth refusing to lay eggs on hosts 
constitutionally unht to feed its progeny. 
It may be said finally that E, scitula^ so 
rare in the forest of iS. tahira, liad increased 
its activity when the lac insect was growing 
on a less favourite host, A. farnesiana. 

S. Mahdihassan. 

Hyderabad, 

Deccan. 

November 1934. 


Fruit and Seed Development of Tinospora 
eordifoUa, Miers. 

Exembhyonate Seeds. 

Iisf the August number of Current Science 
Joshi and Eao^ published their interesting 
note on the Fruit and Seed development 
of Tinospora cordi folia, Miers, on which 
Salmi- has since commented. Among other 
things the authors report the absence of 
embryos in a large number of seeds exa- 
mined by them, although they found the 
female gametophyte maturing to the 
normal embryosac stage, and also a copious 
development of the endosperm. The fruits 
were otherwise outwardly quite normal. 

It is further reported that both pollina- 
tion and fertilisation do not ensue, and the 
various parts of the embryosac finally 
degenerate, leaving only the two polar 
nuclei, which multiply and produce the 
endosperm in the absence of the “ double 
fertilisation The embryo, however, is 
not developed. Under these circumstances 
the authors are unable to account for the 
formation of apparently normal seeds and 
fruits As an alternative to the possible 


c S. Malidihassau, ‘‘ Schmetterlingsraiipen als 
Feinde der lackschildlause,” Natur und Museum, 
1929,59, 394. 

1 Ciirr. Sci., 1934, 3, 62. 

S Curr, ScL, 1934, 3, 109, 


stimulus of foreign pollen, which was never 
seen, they suggest that the fruit and seed 
development may have been induced by 
the formation of the endosperm itself. 
This surmise is, however, not in accord with 
the facts already published on the subject. 
Moreover, they do not offer any explanation 
for the development of the endosperm itself 
in the absence of the triple fusion. 

The facts communicated by the authors 
are by no means a rare and isolated pheno- 
menon. In fact the case of Tinospora 
cardifolia is another illustration of what is 
known as Partite nocar py, which has long 
been known, more specially in connec- 
tion with the cultivated plants. It is 
characterised by the development of fruits 
without embryos. The earliest record in- 
deed goes as far back as the year 1691 when 
Camarius, as cited by Schnarf,*" commented 
upon the occurrence of seedless fruits. Since 
then it has been discovered to be of fairly 
general occurrence, being found, besides 
numerous other plants, in oranges, grapes, 
bananas, figs, apples, pears, etc. In conse- 
quence of its many-sided interest, a rich 
literature has now grown up. This has been 
dealt with and summarised in the pioneer 
works of Molisch,*^ Fitting,'"’ Tischler,'’ 
Winkler,' Schnarf^ and Bugler,''^ to which 
reference may be made for fuller informa- 
tion. Here it is only possible to refer briefly 
to a few facts in so far as they have a direct 
bearing on the note under reference. 

According to Tischler the following con- 
ditions may be distinguished (1) Cases 
wliere a normal embryosac is developed, 
and (2) Oases where a normal embryosac 
is not developed. 

TJie cases coming under the first category 
to which Tinospora belongs, are further 
characterised by : — {a) The ovules can deve- 
lop endosperm without fertilisation, (b) 
Only the sporophytic jiarts of the ovule can 


^ Embryologie der Angiospennen, Berlin, 1929, 
547. 

^ Pflaczenpbysiologie als Theorie der (VdrteneH. 
Jena, 1930, 29G. 

5a. Fyiol. Centralblatt, 1909, 29. Cited by Fngler 
in 

Zeitschr. /. Bolanik, 1909, 1, 1 ; 1910,2, 4. 
Cited by Bugler in s. 

5 Jalrb. wiss. Bot., 1913, 52, 1. 

7ff. Pfropfhasiarde, I9l2, Jena. 

Parthenogenesis hn Pflanzen u. Tier-reiche, 
1920, Jena. 

® Die nat. PJlanzerifamilien. 1926, 14A, 121, 
Leipzig. 
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undergo further development^ and (c) The 
entire ovule degenerates, sometimes only 
after a few otherwise commonly occurring 
events in normal fruit formation have 
taken place. 

As is clear, the facts described by Messrs. 
Joshi and Eao accord with the condition 
described under (a). Of this Tischler has 
investigated more closely the case of Ficus 
earlca in particular. From this tlie follow- 
ing results are culled : — ( 1 ) There is com- 
plete absence of fertilisation and generally 
of every other external stimulus. ( 2 ) In 
many ovules endosperm developes into a 
typical nutritive tissue ; in others it dies 
early. (3) During wall-formation an un- 
equal number of nuclei are often enclosed in 
a cell. (4) Sometimes the endosperm for- 
mation does not proceed equally throughout 
the embryo-sac, a number of tissue-com- 
plexes being developed instead. (5) In ripe 
endosperm autodigestion takes place result- 
ing in ruminate endosperm. 

The results of Tischler summarised above 
not only agree entirely with the observa- 
tions of the authors, but they are also more 
embracing. The authors might well revise 
their investigation in the light of these 
facts. 

Other plants in which similar conditions 
exist are Ccelobogyne ilicifolia, Basylirlon 
acrotricMimj Theobroma cacaOj Ananassa 
sativa, etc. 

As for the development of the endosperm 
before fertilisation, to wliich the authors 
have referred, in the case of normal plants, 
Schnarf**^ says ‘‘Researches that in amphi- 
mictic plants the endosperm developes 
normally without or before fertilisation, 
must in general be regarded with mistrust’’. 
According to him the stimulus for the 
normal development of the endosperm is 
supplied by the second sperm nucleus. A 
misleading situation is often created in cases 
where, in spite of a normal fertilisation, the 
egg remains quiescent whereas copious 
endosperm is meanwhile developed, convey- 
ing an impression that the latter has been 
developed in the absence of fertilisation. 
A number of examples of this kind are cited 
by Schnarf. 

The development of the endosperm, how- 
ever, in parthenogenetic and parthenocarpic 
plants offers both unusual and interesting 
features. Here it is certainly developed in 
the absence of fertilisation. And it is now 
definitely demonstrated by the researches of 


Haberlandt,^ EichleF'^ and others, that it is 
induced by necrohormoiies or wound-hor- 
mones in consequence of the wounding of the 
ovary artificially or by the action of parasitic 
fungi and iiisect-larvas, as well as by castra- 
tion. Haberlandt and his students have 
also demonstrated that the necessary stimu- 
lus may be supplied by the decaying cells in 
the neighbourhood, and even by the dis- 
organising egg. The stimulus supplied by 
the entrance of the pollen tube has also 
been found to initiate the development of 
the endosperm, as also the influence of 
foreign pollen to which reference has been 
made. Even the extract of the living or 
dead pollen has been found to induce 
changes in the gynsecium.*’ Furthermore, 
increase of temperature, as Avell as osmoti- 
cally active solutions of grape sugar, urea, 
MgCL, KNO 3 , etc., can also cause endosperm 
development in the absence of fertilisation 
(Schnarf, •' p. 322). 

From this it is clear that the endosperm 
development can be brought about by a 
variety of causes on failure of fertilisation,, 
and it will be difficult in any particular case 
to ascribe endosperm formation to any 
particular cause, without a series of carefully 
conducted experiments. In the absence of 
any other detnonstrable cause, endosperm 
development in Tinospora may be induced 
by the disorganising contents of the embryo- 
sac itself, which the authors report. 

The absence of pollination is hard to 
understand. Menispermaceai are according 
to Diels‘S entomophilous, and in the case of 
Tinospora I myself have observed the visits 
of insects, including bees. A dense foliage 
and a distance of a few hundred feet would 
hardly seem to explain absence of pollina- 
tion in entomophilous flowers. But this is 
a point on which speculation is useless. 

Regarding the absence of embryos from 
the fossil gymnospermous seeds, Dr. Salmi 


Sa. Sltzb. preuss. Ak., 1921, 40 , 695: 51 , 861. 
Cited by Scliaarf in 

Sitzb. Ah. Berlin, 1922, 25 , 3S6. Cited by 
Schnarf in. 

Biol. Zenlralbl., 1922, 42 , 1-15. Cited by 
Schnarf in ^ , 

Beitr. z. allj. Bot. Haberlandf, 1923, 2, 1. 
Cited by Schnarf in ^ . 

Ueber. Zellteiluigshonnone, .Tune, 1930, 
Scientia. 

10 Ost. bot Ztsehr., 1906, 56 , 337. Cited by 
Schnarf in s. 

Das PJlanzeyireich, 1910, Hft. 46 , 4, 94, 

Leipzig. 
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himself has cited the case of Ginkgo, on the 
analogy of which this fact is attempted to 
be explained. I do not know if an answer 
has ever been sought in the direction of the 
explanations which apply in the case of the 
parthenocarpic plants. One should like to 
know if even a remote contingency of this 
kind can exist. 

Another question that has been raised is 
whether Tinospora seed germinates at all; if 
not, how does the seedling arise There do 
not seem to be any observations bearing on 
this subject. In general, the floras do not 
make any mention of the presence of an 
embryo in Tinospora seeds. Even Diels’ 
monograph referred to above makes no 
mention of it. All that is usually referred to 
with reference to the contents of the seed is 
‘‘glutinous pulp”. From tliis one may 
presume that an embryo is perhaps never 
formed. The question of germination in the 
absence of the embryo does not therefore 
arise. As for the endosperm itself function- 
ing as the embryo, there is no recorded 
instance, though in cases of apogamy 
embryos are produced by the budding of the 
endosperm. In any case, should an embryo 
be formed its presence would be detected. 
As is well known, this plant is multiplied 
vegetatively by cuttings, and tliis, so far as 
known, is the only method of propagation. 
It may turn out, as is frequently the case 
with such plants, that Tinospora has com- 
pletely lost the power of reproduction by the 
functioning of its gametes, and even by tlie 
production of the embryo by alternative 
methods. Dioecious plants are specially 
liable to failure of fertilisation owing to the 
distribution of their sexes on separate indi- 
viduals growing often wide apart, and in 
them therefore, the phenomenon of partheno- 
genesis is comparatively more frequently 
exhibited. This may also apply to Tinospora. 
In this connection the occurrence of par- 
thenogenesis in another member of the family 
as reported by Ernst, may not be without 
significance. 

It would be extremely interesting and 
highly instructive to investigate the biology 
and life-history of this plant more thoroughly. 

FT. K. Tiwary. 
Benares Hindu University, 

October 1934. 


Seeds and Seedlings of Tinospora 
eordi folia, Miers. 

JoSHi AND Rao^ in their account on the 
fruit formation in Tinospora cordifolia, 
Miers, have observed tliat the fruits develop 
possibly by the influence of foreign pollen 
and though they look apparently normal 
with copious endosperm, yet the seeds, 
it is reported, are destitute of embryos. 

Salmi,- while discussing the possible 
influence of foreign pollen on fruit formation, 
rightly questions how the plants originate 
when the seeds are exembryonate. 

In this note, without entering into the 
morphological details it is recorded that the 



seeds of Tinospora cordifolia, Miers, thougli 
developed perhaps by tlie influence of 
foreign pollen, possess embryos which a!‘e 
perfectly viable. The embryo can be seen, 
even without the help of a hand lens, after 
dissecting out the ruminate endosperm with 
which it is surrounded. Seeds that were 
sown have germinated successfully. The 
seedlings shown in the photograph were 
collected soon after the rains during the 
month of September, from the neighbour- 
hood of the parent plant. 

The plant has been kindly identified by 
the Government Systematic Botanist, 
Coimbatore, as Tinospora cordifolia, Miers. 

K. Is. SESHAGIRrAH. 

Department of Botany, 

Central College, 

December 5, 1934. 


Nature, 18S6, 34. Cited by Diels in 


^ Carr., Sd., 193-i, 3, 62 and 68. 
2 Ibid., 1934, 3, 109 and 110. 
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The Seeds of Tinospora cordi folia, Miers. 

The recent note by Joslii and Eao on 
“Fruit and Seed Development in Tmospora 
cordifoUa, Miers. without Fertilisation and 
Embryo Formation inside was read by me 
with a certain amount of surprise. In a 
previous issue of this journal- Prof. B. Salmi 
has made some further remarks on exembryo- 
nate seeds and asks two pointed questions : 
“ How does tiie Tinospora seed germinate if 
at all"?” and (2) “ Whence does the seedling 
take its birth V\ 

Joshi and Eao have omitted tliese points 
altogether and thus tlie latter part of their 
paper loses a great deal of its value and 
interest. 

About two years ago I started some work 
on tlie morphology of this plant, the material 
of which had very kindly been fixed and 
imbedded by Mr. Babulal Gupta of this 
Department. Due to unavoidable circum- 
stances I had to give up my work for some 
time and it is only recently that I have 
taken it up again. 

I can definitely say that the seeds of 
Tinospora eordlfoUa do possess an embryo and 
they germinate in the normal way. The 



1. Embryo dissected out of a seed soaked in water. 
X Natural Size. 

2. Young seedling. X Natural Size. 

3. Same, slightly older. X L 

4. Young plant showing two cotyledons and 2 new 
leaves. X J. 

embryo is very hard pressed to the endo- 
sperm and is difficult to recognise as the 
cotyledons are very thin and their colour is 
the same as that of the endosperm. Fig. 1 
shows an embryo dissected out of a seed. 


Immediately on receipt of the paper by 
Joshi and Eao, I sowed 75 seeds of which 50 
germinated within a week and the seedlings 
were entirely normal in appearance (Figs. 2, 
3 and 4). Of those that did not germinate, 
some were dug out and on dissection an 
embryo was found in every one of them. 
This indicates that germination was merely 
delayed or perhaps stopped in these cases, 
due to entirely different causes. Apart 
from this, I have also been able to find 
seedlings growing in nature. 

It is true that male plants are very rare 
in this species and the chances of effective 
pollination are meagre. This merely suggests 
that the development of the embryo is 
parthenogenetic— a fact recorded for several 
Angiosperms and for Dlsciphania UrnstiP 
(Ernst, 1886), a member of the family 
Menispermaceie itself. 

It is therefore to be desired that Joshi and 
Eao will re-examine their preparations and 
remove the source of error, wherever it lies. 
I reserve further remarks for a future 
occasion. 

My preparations have been examined by 
Dr. P. Maheshwari and I have his support 
for my conclusions. 

Bahadur Singh. 

Agra College, Agra, 

Oetober 3, 103d. 


With regard to the earlier note of Dr. 
Sahni’- and the above note of Mr. Bahadur 
Singh, I would point out that the observa- 
tions of Eao and myself do not exclude the 
possibility of occurrence of embryonate 
seeds in Tinospora cordifolia. As was 
pointed out by us, the case appears to be 
comparable in all essentials with what is 
seen in Cyeas. We only showed that it is 
possible in Tinospora for the seed and the 
fruit to develop without the formation of 
embryo inside. The conclusion was based 
mostly on the study of microtome sections, 
and I hope after further investigation Mr, 
Singh would be able to agree with it. The 
species can be propagated either from 
embryonale seeds or as is the usual practice 
in gardens, from cuttings. 

A. C. Joshi. 

Department of Botany, 

Benares Hindu University, 

November 193d. 


3 Ernst (1886) Quoted in Schnarf, K., Verglei^ 
cJiende Embry oloqie der Ayigiospermen, 1931, 73. 

1 Sahni, Curr. Sci., 1934, 3, 109. 


^ Curr. Sci., 1934, 3, 62. 
2 Ibid., 1934,3, 109. 
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Soil Temperatures. 

By L. A. Eamdas and E. K. Dravid, 
Meteorological Office, Poona. 


rpiIE temperatures attained by tlie soil at 
different depths below its surface arc 
of importance in agriculture and depend 
upon a number of factors, the more impor- 
tant of which are enumerated below :~ 

1. Duration and intensity of solar radia- 
tion. 

2. Colour and cover vegetation) of 
the soil which determines the fraction of the 
solar radiation which is absorbed by the 
soil surface. 

3. The thermal conductivity of the soil 
which again varies with : 

{a) the chemical composition, 

ih) the water content, and 

(c) the pore space or apparent density. 

4. Air movement or convection above the 
soil surface. 

5. Eadiation exchange, especially in the 
long wave-length or infra-red region of the 
spectrum between the atmosphere and the 
soil surface. 

An account of the heat balance at tlie 
ground surface would involve tlie careful 
measurement of the numerous factors men- 
tioned above at a number of representative 
places. For a preliminary survey of this 
problem, however, it is possible to eliminate 
the variations of some of the factors and 
study the influence of each separately. 

First of all, the variation due to climatic 
differences from place to place may be 
eliminated by bringing sufficiently large soil 
samples to one place of observation. IST. K. 
Johnson and E. L. Davies^ have measured 
temperatures at a depth of one centimetre 
in blocks of Tar, Macadam, Bare-Earth, 
Sand, Bubble, and Bare Clay 1 metre square 
and 15 cm. deep. In view of the fact that the 
samples were 15 cm. deep, their results may 
be expected to represent the joint effects of 
the colour and composition of the materials 
used. 

A simpler way of arranging such experi- 
ments is outlined below : — 

(1) The physical and chemical properties 
of the soil may be kept identical by working 
with blocks of the local soil in the natural 
condition and varying only the cover or 
surface by sprinkling a very thin layer 


^ Qiiartelri; Journal of the Roy, Met. Soc., 1927, 
53, 45. 


(about 1 or 2 mm. thick) of each foreign 
soil over its assigned plot. Then only the 
^‘colour” or ^‘albedo” factor varies from 
plot to plot. 

(2) The effect of varying the physical and 
chemical composition of the soil may be 
studied by working with blocks of different 
soils of sufficient depth and c.overing the 
surfaces of all the blocks with the same soil, 
preferably the local soil. 

At the Agricultural Meteorological Obser- 
vatory, Poona, the first part of the above 
programme, viz., a preliminary study of the 
effects of surface covers on the local soil, 
was commenced daring the winter of 
1933-34. The effects of covering the local 
black cotton soil with : 

(i) a very thin layer of chalk powder, 

(ii) a very tliin layer of charcoal powder, 

and 

(iii) wetting just the surface of the soil 

with known quantities of water, 
was studied by taking simultaneous two- 
hourly readings of the soil temperature in 
two plots one of whicli was kept as the 
control and the other was given the 
treatments referred to above successively. 
Before commencing each experiment the 
two plots were kept similar for a sufficient 
period so as to equalise the initial conditions. 

The results obtained in the case of chalk 
powder and watering to an extent equal to 
y rain are sliown in Figs. 1 and 2. 

Figs. 1 (a) and (b) are isopleths of the 
weekly mean temperatures at 1400 lioiirs 
in the afternoon in tlie control and chalk 
covered plots respectively. The abscissai 
refer to the successive weeks and the 
ordinates refer to the depths below surface. 
The i)lots were similar during the 1st week. 
Tlie layer of chalk powder was given at 
the beginning of the 2nd week and kept 
on during the 2n.d, 3rd and 4th weeks. 
At the end of the 4th week the chalk coating 
was removed. The very conspicuous 
lowering of the soil temperatures during 
the 2nd, 3rd and 4th weeks in the experi- 
mental plot is shown by the rapid approach 
of the isotherms towards the surface. It is 
also interesting to note that it took nearly 
two weeks after removal of the chalk for 
the temperatures to equalise in the two 
plots. 
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Entomological Investigations on the Spike-Disease of Sandal. 

Indian Forest Records. Entomology Series. Rnhlisliedhy the Government of India. 19 3 2- S3. 


^pHis is a valuable series of entomological 
^ papers issued in connection with the 
investigation of the entomological aspects 
of the spike-disease of the Sandal tree 
{3anialum album) in South India carried 
out by tlie Forest Eesearch Institute^ Dehra 
Dun, on behalf of the Forest Departments 
of Madras and Coorg in South India. The 
results of this investigation on sandal ento- 
mology which occupied a period of over 
three years from 1930 have been published 
in parts and so far twenty- four parts have 
appeared in tlie Indian Forest Records 
Series. Of these twenty- four papers, Ho. 1, 
part of No. 2 and No. 20 give us an idea 
of the history and genesis of the main prob- 
lem of sandal spike-disease, the programme 
of investigation, the progress of the work 
and the final results of the investigation of 
the main problem of the relation of insects 
to the sandal tree and the part they might 
play as vectors of the spike-disease. The 
other numbers — twenty-one parts in all — deal 
chiefly with the systematics and bionomics 
of the different groups of insects collected 
from sandal and are papers prepared by 
specialists to whom the different groups of 
insects were submitted. 

In the first number of the series, Dover 
gives an account of the whole problem of 
the sandal spike including the history of 
the disease, early spike investigations and 
their results and discusses the different 
possible methods of transmission of the 
disease and lays stress on the likely trans- 
mission of the spike-disease by insects, 
especially by sucking forms and the eco- 
nomic importance, therefore, of intensive 
studies on the insect fauna of the sandal 
areas of Salem and Coorg. In the first part 
of the second paper Dr. Beeson gives a 
short account of the genesis of this insect 
survey idea, describes the organisation for 
research on the entomological aspects of the 
disease and adds some remarks on the 
transmission experiments started in connec- 
tion with it in Salem and Bangalore. In 
Dr. Beeson’s words ‘‘The faunistic survey 
had as its primary objective a determination 
of the constitution of the sandal insect 
association and the regional distribution of 
its component species. 

The other papers include studies on spe- 
cial groups by well-known specialists. The 


groups studied so far include (^) Beetles 
of the families Cieindelidw (by Horn and 
Chatterjee), Coccinellidce (Korschefsky), 
Bostrychidce, Platypodidcs and Scolyiidce 
(Beeson), Anthieldce (Ileberdey), Lycidm 
and Brenlhidce (Kleine), Anthribidce (Jor- 
don), Carabidce (Andrewes), Melasulce and 
Elaieridw (Ftentiaux), Grambycidce (Fisher); 
{h) Neurojoiera (Banks) ; (c) T hysanoptera 

(Rarnakrishna Ayyar) ; (d) Formicidm 

(Mukerji) ; {e) Rhynchoia families — Jassidm 
(Pruthi), Cercopidce (Lallemand), Memhra- 
eidce (Funkliouser) and Pentatomidce and 
Fulgoridce (Chatterjee). An examination of 
the forms noted in these systematic papers 
shows a very interesting and unusual record 
of about 500 species of insects found on this 
single tree Sandal. Of this number, 79 
forms appear to be new to science including 
a few new genera. Greater attention, how- 
ever, appears to have been paid to the groups 
of sucking insects especially the homo- 
pterous families and Fulgoridce^ and 

in the series we find special monographs on 
the life-history and morphology of three 
insects — the Jassid Petalocephala nigrilinea, 
W. and the two Fulgorids Sarima nigro- 
clypeata, M. and Eurybrachys lomentosa^ F.— 
ail by Mr. N. C. Chatterjee. The reason for 
j the special attention paid to these three 
I insects appears to be that these were found 
fairly common and injurious to sandal and 
were considered as probable vectors of the 
spike-disease. These three papers recording 
intensive studies on the different aspects of 
individual insects are extremely interesting 
and useful and have added to our knowledge 
of these bugs in many ways, as for example, 
in the case of two of these insects, viz.^ 
Petalocepliala and Eurybrachys it has been 
found by breeding that three described 
species of each of them are after all the 
two sexes of one of the same species ! In 
addition, these intensive studies on particular 
species as types give hemipterists a general 
view of the life-history and bionomics of 
the family as a . whole — a feature which is of 
great importance to future workers in this 
line. As a result of these studies on Homo- 
ptera the jassid Moonia alhimaculata was 
pitched upon as the most probable vector of 
the spike-disease and in paper No. 20 of the 
series, Dover gives an account of the differ- 
ent series of trials such as mass infection 
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experiments, group experiments and 
specific vector experiments explaining the 
methods adopted and the insects utilised; 
he also adduces different kinds of evidences 
to incriminate the insect Moonia albimacu- 
lata as the possible vector of the disease and 
finally summarises tlie results of the experi- 
ments conducted so far by stating (1) that 
field investigations and biological analyses 
strongly support the tlieory that spike- 
disease is transmitted by insects, (2) experi- 
ments with several species of bugs appear 
to confirm the theory advanced that Moonia 
albimaculata is a very probable vector of 
spike-disease, and (3) lantana aphid (Blacro- 
siphum) is also a probable vector of the 
disease. On the whole, it would appear 
from Dr. Beeson’s post-script at the end of 
this paper that the Sandal Spike Investi- 
gation Board is not wholly agreed tliat 
the available evidence demonstrates con- 
clusively that spike has been experimentally 
transmitted by insects or that Moonia 
albimaculata is a proved vector. ” It would 
appear, on the whole, however, that the 
problem of insect agency in the dispersal 
of sandal spike is still a moot question 
demanding further investigations for con- 
firmation. This is evident from further 
opinions of a controversial nature express- 
ed on the subject in the columns of 
Nature (1933, p. 592), The Indian 'Forester^ 
(1931 pp. 192 and 505) and later in- this 
journal itself in July last. 

It was unfortunate that, in the meantime, 
the special grant subsidising research on 
spike-disease expired in September 1933 and 
the investigations had to be abruptly closed 
down. In our opinion, though the trans- 
mission experiments have carried us consi- 
derably forward towards the elucidation of 
the ways of this mysterious disease there is 
still room for a good deal of further work in 
this direction. Speaking of the entomologi- 
cal aspect of the investigations we venture 
to think that separate observations on the 
insect fauna of healthy and spiked trees and 
data collected for each of these sets might 
have also helped towards the fixing of the 
transmitting agency to insects if the disease 
is really insect-borne and in the case of 
experiments with Moonia we venture to 


think that experiments might have been 
tried to feed the nymphs of the bug on the 
infectious material, and allow it to become 
an adult before it is allowed to feed on a 
healthy shoot instead of using the adult 
insect. It is perhaps likely that, as in the 
case of the insect Thrips tabaci — a well- 
known insect vector, for proper infection 
of healthy tissue — it is necessary that the 
young one of the insect should be fed on 
infectious material and allowed to grow 
into an adult before it is able to inoculate 
the toxin. In the event of this investi- 
gation being taken up again, it is hoped 
tiiat this and other lines of research may 
be tried. It would also be advantageous if 
an experienced Mycologist or at least one 
wlio thoroughly knows the technique of 
virus studies is also -associated in such 
experiments. 

In conclusion, we might add that, what- 
ever might have been the results of the 
investigations on the main problem, from 
an entomologist’s point of view the results 
of these faunistic studies present a unique 
and very valuable contribution both from 
the academic and economic points of 
view. For, this series of insect studies, 
the results of the very first attempt at an 
exhaustive and systematic study of the 
insect fauna of a single forest tree in the 
whole of India, and as such, the insect 
survey papers have substantially contributed 
to the subject of entomology as a whole. 
Entomological workers in general and parti- 
cularly those in South India are especially 
indebted to Dr. Beeson who has been mainly 
responsible for the initiation of these 
entomological investigations and his assist- 
ants Messrs. Dover and Cliatterjee for 
gathering the bulk of the material studied 
and for arranging to get done this exhaus- 
tive survey of the insect fauna of sandal, 
thus adding substantially to our knowledge 
not only of the insects associated with 
sandal but of the insect fauna of the whole 
of South India. We have also to congratu- 
late them in vsecuring the services of well- 
known specialists in the different groups 
who also deserve our thanks. 

T, V. Eamakuishna Ayyar. 
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Research Notes. 


Almost Periodic Functions in a Group I. 

The theory of almost periodic functions built 
up by Bohr, Wiener, Besicovieli and others 
has been extended in a remarkable niannor 
by Neumann {Trans. Am. Math. Soc. 36, 
No. 3). The theory of representations of con- 
tinuous groups developed chiefly by Weyl (for 
an account of the theory see Weyl ‘Group 
Theory and Quantum MeclianicsO was shewn 
to include the theory of periodic functions 
as a special case. The determination of 
a canonical system of representations by 
means of which every representation of the 
group can be expressed corresponds witli 
the problem of determination of a set of 
orthogonal functions by means of whicli 
every orthogonal function can be expressed. 
The notion of almost periodicity whicli 
was defined by Bohr for the case of 
functions / (a?) which are defined in — oo<a; 
<oo and which are continuous has now been 
extended by Neumann to the case of 
functions defined in any group G of an 
extremely general type. The definition lie 
gives is this. Let f ix) be a function defined 
in G {x denotes an element of the group) 
Next let M he the aggregate of all functions 
fa (^)=/ where a denotes the various 
elements of the group. Now given any 

sequence of functions /i, f>, — , of M 

if we can find a subsequence f^ 

such that the least upper bound of 

i ^Xv'"^X}ji ^ ^ ^ tend to oo tlien 

almost 
tliB left 


right 


the function is said to be 
periodic. In a similar manner 
almost periodici^ is given. 

The chief difficulty tliat was encountered 
was to find the analogue of the Bolir-inean 


i.e.. Lt. 1 


T-^oc 


3 ]' / / (®) 


as the 


groups con- 


— T 


sidered are not assumed to be topological. 
Neumann overcomes this difficulty by 
dedning a new mean in Part I. Neumann 
uses his results to deduce fundamental 
theorems concerning the representation of 
groups, which were given in case of various 
special groups by Weyl and Haar. It 
IS also shewn that this theory of almost 
p^iodic functions is the widest range over 
which this theory of representations holds 
without any loss of generality. Part IV 
deals with the relations of this theory when 
the group has a topological structure and 


with the (leterminatiou of all almost 
periodic functioirs belonging |,o the group 
In Part V it is proved that the maximai 
uinouiit exists in ubediun groups (subject 
to certain topological r(‘.st fictions), 'We 
await witii great interest his furtlier memoirs 
on the subj(ict. 

K. V. I. 


Asymptotic Partition Formulae III. 

PAR'riTXON into povv<M*s by Maitland 

Itigdit. Acta Mathematical 63, Vp. 113-91 
Hardy and Itanianujaiii liave dcd,eriniiKMi 
the order of p (tG, l.e., the nnrnlxw of parti- 
tioms of n by means of the celebrated 
method of approximating the contour 
integral for p (n). ddie a,Mthor Iiore pro- 
poses to determine the ()i-der.s of p/. (%) 
pi.e.j tlie numbin* of partitions of u into 
powers. Hardy and Ilamanujan liad to 
deal witli tlie singiilaritii^.s of the elliptic 
modular function and tln^, known trans- 
iorination tlu^oi’y of tli(‘ fuiu'-tiou was of 
grea.t lielp in finding out tdie nature of the 
function muar a. bounda.ry point. In the 
case considered by tlu^ aiutlior the ginjiu-at- 
ing function did not poss(‘.ss any gimeral 
ti’ansfoi'uiat/ion fdiciory and (iKU’cifoi'e good 
deal of his paper is de.vot(‘.d to the de.vidop- 
meiit of; a trajuslormatiou tli(U)ry of the 
correspoinling gemu’adiing function. He 
obtains a formula for />/,; (n) whicli giui oral isos 
the H^rdy- Ivauiianu jaiii ('onjiH'tuns viz,.i 
Pj. in) n A'/d> a.nd aJso gives us 

tlie order of th(‘. (UTor. 

K. V. I. 


Equilateral and Equiangular Hexagons 
in Space (The Carbon Six Ringh 

K. .It. Gonjikar ])ublish(al about; a year 
ago in the. Joiirnal of the (i niversitp of 
Bombay an in vi^stiga.tion of tlie construc- 
tion of equilateral and ('i(|uia.ngular polygons 
in space. H(^, only c-onsidcnaMl those (*.ases 
for wliich n < (> wlnua^ n is th(^ nnmlxn,' of 
the sides of t;he polygon. It is only wlien 
9^==6 there is auiy maddunnaticad interest 
in the problem However the case n—iy 
is of special intimest to tJie oiganic chemist. 
The investigation of the same problem has 
been recently publislied by P. 0. Henrique^i 
in the Proeeedmgs of Konhiklljlce Akademie 
van Wetenscliappen ie Amsterdam on the very 
same lines of Gimjikar without noticing 
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his work. We will, however, give here 
the solution of the problem as given by 
Gunjikar. Let ABCDEF be the polygon, 
0 denote the complement of the angle 
between two adjacent sides and let a, jS, y 
be the angles made by the planes ABC, 
CDF and EFA with the plane ACE. 
(i) If a=/3=y, a is imaginary for 0<6O°, 
there is one hexagon for each 8 it 6 lies 
between 60° and 120° and two such hexa- 
gons for each 6 il 6 120°. (ii) If a, jS, y 

are not all equal, then a and (3 can be 
determined satisfying certain conditions, 
if y is known. This is really a very 
interesting result. For real values of 
a, /3, y, 6 should be > 60°. If 6 lies 
between 60° and 120°, y can vary between 

“4 cos 0 — 1 ^ 8' 

cot - 


± cos"^ 


vS 


and if 6 is greater 


than 120°, y can vary between ± cos“^ 
( V3 cot . Henriquez has given in his paper 


the above results of Gunjikar. The solutions 
(1) correspond to the ^ non-deformable ’ 
ring and the solutions (2) correspond to the 
deformable ring. I-Ienriquez has also given 
in his paper a discussion of the double six 
ring (two six rings with one side common) 
which is new. 


K S. N. 


The Structure of Crystals. 

The recent issue of ZeiUchrljt fur Krislal- 
lographie is devoted to papers on crystal 
structure. The subject has become, of late, 
a controversial one. The controversy lies 
in the understanding of the nature of real 
crystals occurring in nature. For example, 
if a real crystal possesses a perfect lattice 
so that the crystal planes responsible for 
the X-ray reflection are all parallel, then 
the reflection of a parallel incident beam 
of X-rays should occur only within a few 
seconds of the arc in the neighbourhood of 
the Bragg angle. Actually it is not so. 
To explain this discrepancy, Darwin intro- 
duced the idea of a mosaic structure with 
the assumption that the crystal planes which 
should be strictly parallel in an ideal crystal 
are not so in the case of a real crystal. 

Later on, other mosaic theories were for- 
mulated by Smekal and Zwicky. According 
to Smekal’ s theory, a real crystal contains 
many pores and cracks running throughout 
the crystal in a manner such that the total 
volume of the pores and cracks is by far 
negligible compared to the volume of the 


crystal. According to Zwicky’s first theory 
cracks will develop in a growing real crystal 
due to the contraction of the surfaces 
which are shown to bear great stresses. 
According to his second theory, a real 
crystal is a space lattice with a secondary 
structure throughout the volume. Accord- 
ing to Zwicky, the crystal with tlie secon- 
dary structure is more stable than the 
perfect crystal. The ZelUchTijl contains two 
of its papers by Buerger. Buerger lias 
levelled a caustic criticism over Zwicky’s 
theory of the secondary structure citing 
many experimental evidences. Apart from 
his criticism, he has presented in his other 
paper an account of his theory of the line- 
age structure of crystals. According to his 
theory, a real crystal is a continuous one 
but branched. Each branch is called a 
lineage and each lineage is an almost 
straight line lattice. He shows that his 
theory is supported by many experimental 
evidences including the X-ray results. The 
Zeitschrifc contains also a paper by Buckley 
who has criticised the existing mosaic 
theories. In his paper he has given a brief 
account of each theory and has pointed out 
that they need correct interpretations of 
experimental evidences supported by right 
theories. Fie has criticised the Darwin 
mosaic on the ground that it assumes in- 
homogeneity in a real crystal just to inter- 
pret the X-ray results while there are many 
more experimental facts to support the 
idea that a real crystal is a homogeneous 
one. The Zeitschrlfl contains also many 
more important papers by Smekal, Goetz, 
Taylor, James and others. 

X. S. X. 


Artificial Radioactivity produced by Neutron 
Bombardment. 

In the Proceedmgs of the Royal Society 
(1934, 146 , 483), E. Fermi and his collabo- 
rators have given a collected account of the 
results obtained by them by bombarding 
various elements with neutrons. In this 
process new isotopes of elements have been 
obtained which do not correspond to known 
stable isotopes, but are unstable and dis- 
integrate with definite half-value periods. 
This induced radioactivity was first dis- 
covered by Curie and Joliot and has been 
described in a previous note in this Journal. 
While Curie and Joliot used a-particles as 
missiles and were thus limited to a study of 
the light elements only, Fermi and his 
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CO- workers have used neutrous and have 
been able to observe induced radioactivity 
in almost all the elements with only a few 
exceptions. The paper contains a table at 
the end which gives all their results at a 
glance. The probable active isotope 
produced by the neutron bombardment, its 
half- value period, the intensity of the acti- 
vity, mean energy of the ^-rays emitted and 
the presence or absence of r'-rays, are all 
listed. The presence of an active product 
having a half- value period of 13 minutes in 
the case of Uranium had been previously 
interpreted on the assumption tliat a new 
element of larger atomic number than 92 
was responsible for this particular activity. 
Another component of half- value period 
90 min. is also found to give reactions 
similar to those of the 13 min. product and 
both are concluded to be elements of higher 
atomic number than 92, probably being 
isotopes of one such element. The other 
results obtained are (1) that a large 
percentage of chemical elements can be 
activated by neutron bombardment ; (2) 
that most of the neutrons that meet the 
nucleus produce an active atom ; (3) that 
the active product is sometimes an isotope 
of the bombarded atom, but in other cases 
its atomic number is less by one or two 
units (the former alternative was observed 
with hve heavy elements, while the light 
elements conform to the latter alternative) ; 
and (4) that onl}^ electrons liave been found 
to be emitted under the radioactivity but 
no positrons have been detected. These 
interesting results will no doubt prove 
valuable for understanding the constitution 
of atomic nuclei. 


The Liquefaction of Helium by an 
Adiabatic Method. 

Expeuiments with liquid helium have led 
to discoveries of great importance such as 
siipra-conductivity, but so far only four or 
five laboratories are equipped with the costly 
apparatus necessary for liquefying helium. 
Even these use a method that has a very 
low efficiency, viz., the method which utilises 
the Joule-Thomson effect. It is \velhknown 
that an adiabatic expansion method would 
be very much more efficient, but expansion 
engines working at sucli low temperatures 
have not been so far designed. The piston 
has to be air-tight and yet move without 
friction — a process which is only possible 
when a suitable lubricant can be found. In 
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the case of air Claude made use of the 
liquid air itself as the lubricant, but even 
such an artifice is impossible in the case of 
liquid helium because it would have very 
low lubricating properties. But Prof. [\ 
Kapitza lias now devised an expansion 
engine which overcomes these difficulties 
and can produce liquid helium at 2 litres 
per hour using 14 litres of liquid nitrogen 
per litre of liquid lielium for preliminary 
cooling. The new design is fully described 
in Proc. Boy. So3, (1924, 147 , 139). Com- - 
pressed helium entei’S through the inlet tube 
into a heat exchanger A and is then cooled 
to 65° K. by passing round a ring-shaped 
container having liquid nitrogen. It then 
goes through another heat exchanger B to 
the expansion engine and thence to a tliird 
heat exchanger C and back through B to the 
compressor. After a few circuits the cool- 
ing is such that part of the helium leaves 
the expansion engine in the liquid state, but 
the liquid helium is not separated out in 
this way. Instead, part of the high pressure 
helium, after passing through B, goes 
through 0 where it is cooled by the up- 
coming helium from the expansion engine, 
and then passing through a fourth lieat 
exchanger D, it passes through an orifice 
into the liquefaction vessel where part of it 
liquefies on account of the Joule-Thomson 
cooling. The unliquefied gas goes back 
through D and C and goes back to the 
compressor. A throttle valve is used 
between D and the liquefaction vessel fi*om 
which the liquid helium can be drawn off. 
Details of the design of the expansion 
engine and the heat exchangers are given in 
the paper. 


The Statement of the Third Law of 
Thermodynamics. 

Attempts have been made to make a 
simple and rigorous statement of the third 
law of therniodynamics ever since its for- 
mulation. One of such statements associates 
zero entropy with the lowest energy state 
(lowest quantum state). The criterion is 
often found to be either unnecessary or 
insufficient. A crystal of diamond is of 
zero entropy at the absolute zero of tempe- 
rature, but is not in the lowest energy state. 
Crystalline solutions, on the otlier hand, are 
presumably in their lowest vibrational levels 
though the entropy cannot be taken as 
zero. Another statement of the third law 
ascribes zero entropy to a perfectly ordered 
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condition. Perfect order is undoubtedly a 
sufficient criterion though nob a necessary 
one, as for instance, in the case of mosaic 
crystals, degenerate gases or electrons in 
metals obeying Fermi statistics. The prin- 
ciple of the unattainability ot the absolute 
zero suffers from similar defects. Thus a 
concise statement of the third law has often 
proved a bit elusive. 

The discussions of Eastman and Milner 
(J. Chem. PJiys., 1933, 1, 411) and of Pode- 
-busli (J. Chem. Phys.^ 1931, 2, f>3S) make it 
clear that a system which is an exception to 
the third law glasses, solid solutions) 

differs significantly from other pliases at 
the absolute zero only in the fact that the 
exemplars of tlie system differ among them- 
selves and comprise of themselves a large 
number of distinguishable states. It is this 
indefiniteness, which is imposed by the non- 
selective character of the process of forma- 
tion of the system that contributes towards 
a iinite entropy at absolute zero. So it is 
suggested that a simple, comprehensive and 
sufficiently restrictive statement of the 
third law may be made in the form that 

The entropy of any phase of sharply spe- 
ciliable energy is zero at the absolute zero.” 

K. S. G. D. 


Cataphoresis of Proteins. 

WoRKUKS in the field of Colloid Chemistry 
and allied branches of Science will be deeply 
interested in the contribution by Kemp 
and Kideal {Proc, Boy, Soc,, 1931, 147A, 
1-21) on the Cataphoresis of Gliadin. They 
have by employing tlie microcatapliorctic 
mctliod, studied the mobility of Gliadin 
adsorbed on a line suspension of Quartz. 
The Langmuir concept of adsorption of 
gases by surfaces lias been applied to the 
solid-li{iuid interface. The cataphoretic 
mobility of quartz suspension is found to be 
a function of the concentration of the protein. 
The rate of adsorption of Gliadin by quartz 
is found to vary with the sign and magnitude 
of the cliarge on tlie protein, wliicli in turn 
is go veined by the pIT. The charge on the 
quartz surface, however, is sliown to depend 
upon the ion environment and not on pIT. 
The effect of strong electrolytes on the 
mobility of Gliadin adsorbed on quartz has 
been studied from the tlieoretical and practi- 
cal standpoint. It has been shown that 
the isoelectric point of proteins is profoundly 
influenced by the ionic strength of the 
medium. The acidic and basic dissociation 
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constants have been determined by poten- 
tiometric titrations and the isoelectric point 
has been evaluated. The Debye- Huckel ex- 
pression for cataphoretic migration has been 
found to hold good for not too high nor too 
low ionic strengths. The deviation from 
the formula, for the Cataphoretic velocity of 
Gliadin at higher ionic concentrations 
(using Acetate buffers) has been shown to be 
due to the adsorption of acetate ions. At 
low ionic concentrations, Donnaii equilibrium 
between the protein particles and the inter- 
micellary liquid results in an unequal hydro- 
gen-ion activity between the two phases, 
which in turn brings about a change in the 
surface charge of the proteins. The impor- 
tance of these considerations in the interpre- 
tation of Cataphoretic data can thus be 
easily seen. 

M. P. V. 


Investigations on the Nature of Hsemopoietin, 
the Antianaemic in Hog’s Stomach. 

L. Klein and J. P. Wilkinson [Biocliem. 
J., 28, 16S1) in continuation of their work on 
the preparation of concentrates of hserno- 
poietin from the press juice of hog's 
stomach (Biocliem. J., 27, 600), have come to 
several interesting conclusions with regard 
to the nature of the antianaemic factors 
present in stomach and liver. It is found 
that when concentrates of the hog’s stomach 
extract which contain the antianaimic 
thermolahile luemopoietin are incubated 
in vitro with beef muscle, a relatively 
thermostable haemopoietically active sub- 
stance is obtained. The product resembles 
very closely the active principle present in 
the liver and it can also be farther concen- 
trated into a form suitable for injections. 

It is considered that the relationship 
between the antianiBmic principles in 
stomach and liver is that of an enzyme to 
the end-product, the nece.ssary substrate 
being provided by the constituents of beef. 
The action of this enzyme, Inemopoietin 
results in the production of an end-product 
which is also active in producing the red 
blood-cells. Tliis latter principle is 
gradually stored up in the liver until it is 
required by the body. It is shown that 
this enzyme is different from pepsin because 
pepsin itself is not only clinically inactive 
but also cannot act similarly on beef muscle. 

The results of Klein and Wilkinson are 
significant because they reveal that it is the 
stomach which is really the seat of the 
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Bi’oduetioii of tlie active hssmopoietic sub- 
stances, the liver merely fnnctiouiug as a 
storeliousG. This observ^ation is in con- 
formity with the findings of Bence {Wien 
Med WocJi.,2, 1055) tliat if the stomachs of 
pi<Ts were, completely removed and the 
Limals killed several months later, the 
antiansemic principle could not be found in 
the livers. In view of these findings the 
liver therapy in the remission of pernicious 
ansemia might be consideiably altered. 

T-L B. S. 


Supplemental Light and Blooming in 
Tropical Plants. 

The effect of additional day length produced 
by artificial illumination daring tlie winter 
months upon 100 species of green-house 
grown (chiefly annual) plants is reported 
by Francis Eamaley (T/ie Botanical Gazette^ 
1934, 96 , No. 1). Among the plants which 
were not affected in their blooming or which 
were actually retarded by increased day 
length there is a rather large proportion of 
tropical species; while very few, perhaps 
not any, tropical species are much hastened 
in blooming by increased length of light 
exposure. Of the plants hastened in 
blooming by supplemental light, most are 
natives of the temperate zone. 


Standardization of Index Liquids. 

The identification of minerals under the 
microscope by making use of index liquids 
is becoming more and more common both 
among mineralogists and chemists. The 
liquids to be used should be colourless, 
chemically stable and should have as low a 
volatility as possible. Many mineralogists 
have been deterred from attempting to 
prepare their own set of liquids by the 
impression that it requires an elaborate 
technique to fulfil the above requirements. 
But J, J. Glass (American Almeralogist, 19 , 
No. 10, Oct. 1934) has shown that the 
United States Geological Survey prepare 50 
sets of standard liquids every year. Since 
the determination of a large portion of 
minerals involves the use of liquids between 
1-470 and 1-740, the three components 
which are made use of to prepare index 
liquids are Government oil (acid free, colour- 
less, tasteless and odourless oil), monochlor- 
naphthalene and methylene iodide. The 
properties of these liquids under varying 
conditions of temperature have been tested 


and it has been shown tliat they maintain a 
constant index. Since tliese liquids are 
miscible with one another, they can be con- 
veniently used for determining the index 
range from 1-470 to 1-740. In fiii’ther 
discussing the standardization of tliese 
liquids, he has shown that by using the 
prism designed by 0. S. Boss, a cliart can be 
prepared showing the relationship of angle 
of minimum deviation and the desired index 
of refraction. Since some of the liquids that 
are used at the present time are likely to 
change their properties including refractive 
index, when exposed to light and air, the 
suggestion of J. J. Glass might be usefully 
tried in geological laboratories. 


Differentiation in Basalt Lava. 

A DETAILED pctrological study of platecUii 
lavas of Antrim by S. I. Tomkeierf {Geo- 
logical Magazine, No. 8-15, Nov. 1931) lias 
revealed that the vast area of basalt cover- 
ing nearly 1,550 square miles can be <livided 
into two sets— the lower and the upper — 
separated by an inter-basaltic bauxito- 
lateritic zone. The lower layer is made 
up of olivine basalt (dolerite), a typical 
representative of liebridian plateau magma 
type. The upper layer is made up of two 
contrasted types, vlz.^ the Tholeiitic type 
(Non-porphyritic central magma type) and 
olivine basalt (dolerite) same as th.c lower 
lavas. These lavas are packed with zeolites 
and the most prominent of them are 
thomsonitc, chabazite, levynite and gineli- 
nite. The rocks have been analysed which 
show a gradual increase in the Niggli values 
of fm, mg, and k downwards and a decrease 
in al, c, alk. From this important observa- 
tion Toinkeieff has been able to show that 
there was gravitational sinking of olivine 
without remelting. This is further supported 
by the ocourrenee of idiomorpliic grains of 
olivine in the lower zone as contrasted with 
the allotriomorpliic relationship of this 
mineral with the felspar in higher zones. He 
has further shown that this sinking of olivine 
was accompanied by rise of volatiles which 
is responsible for the formation of abundant 
zeolites. Since a great portion of the basalt 
is of the vesicular variety full of zeolites, he 
has suggested that the lava contained a 
considerable quantity of water. 
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Asphyxiation of Air-breathing Fishes 
of Bengal. 

The last number of the Journal of the 
Asiatic Society of Bengal (October 193A, 29, 
No, 4, i^p. 327-332) contains an account of 
An Experimental Study of the Asphyxia- 
tion of some Air-breathing Fishes of Bengal ” 
by tlie late Dr. Ekendranath Ghosh. The air- 
breathing (ishes of India, such as Amphlpnous 
euehia^ Clarias batrachics^ Releropncusles 
fossil is, OpMcephalus spp., Anahas teslucleneus, 
FhUaalha, etc., etc., have, since a very early 
time, been the subject of considerable biolo- 
gical, experimental and morphological in- 
vestigation. Usually a small vessel was used 
for experimental work, but Dr. Ghosh used 
a large tank for his experiments and thus 
reduced considerably the chances of the 
water becoming foul. Fie found that in his 
experiments most of the hslies {Anguilla 
ayiguilla, Clarias batrachus, OpMcephalus 
striaHis, 0. punctatus) survived under water 
for much longer periods than was hitherto 
possible, while Heteropyieustes {=8acco- 
branehus) fossilis, Mastacembelus pancalus, M. 
armatus and Ehynchob della aculeaia could 
not be Glrowned’. In view of these results 
the author concludes that the ‘*fish in tiie 
earlier experiments were asphyxiated as a 
result of insufficiency of normal water rather 
than for want of free air for aerial respira- 
tion ”. Dr. Ghosh has thus thrown 
considerable light on the bionomics of the 
air-breathing lishes of India and has shown 
that in experimental work on the air-breath- 
ing (ishes all possible sources of errors should 
be eliminated to obtain satisfactory and 
reliable data. 

S. L. II. 


The Structure of the Corpus Luteum in 
Lower Vertebrates, 

J. T. Cunningham and W. A. M. Smart 
have examined the condition of the ovary 
in the Amphibia and the reptiles after 
ovulation induced by the injection of anterior 
extracts {Proc. Roy. Soc. Land., Nov. 1934, 
116, No. 798). It is seen that in Xenopus, 
where alone ovulation occurred after injec- 
tion, the follicle cells were rapidly absorbed 
and no corpus luteum was formed. In 
Lacerta, chosen as a type of oviparous 
lizard, the same result is seen while in the 
viviparous lizards like Anguis and Zooloca, 
a distinct and well-developed corpus luteum 
is seen, comparable with that in mammals. 


The functions of the corpus luteum in 
various vertebrates are also discussed. 


The Brain of Echidna aculeaia. 

A. A. Abbie has made a signal contribu- 
tion to our knowledge of tlie niammaliaii 
brain in his work on Echidna {Phil. Trans. 
Boy. Boo. Bond., 1931, 224 B, No. 509). 
Working under the direction of Prof. A. 
Kappers, the foremost authority on the 
structure of the mammalian brain, be has 
emphasised the primitive characters of the 
brain of Echidna and shown its similarities 
with its ally, Ornithorhynchus. The brain 
of Echidna is typically mammalian but 
the primitiveness of some of its traits is 
undoubted. The motor system, the dorsal 
situation of the nucleus ambiguus, the 
hypoglossal nucleus and the facial nucleus 
and the small pyramidal tracts are all 
primitive features. The hypertrophy of the 
trigeminal apparatus is a feature which 
Echidna shares with Oniithorhynchus. 
Indeed, in the latter there is a more pro- 
nounced development of this system. This 
has brought about a great expansion of 
the ventral nuclei of the thalamus. The 
cochlear connections are not well developed. 
The cerebellum is very greatly specialised ; 
the cerebral peduncles are large but have 
no fronto-pontine tracts, a character with 
which Echidna agrees with Ornithorhynchus 
but differs from all other mammals. The 
presence of a temporo-trigeminal tract is 
peculiar to Echidna. Another primitive 
trait is the rudimentary fornix-mamillare- 
thalamic system. The epithalamus is well 
developed and is connected with the pars 
medius of the ventral nucleus of the 
thalamus. 


Embryology of a Psocid. 

W. Fernando in an interesting paper 
{Quart. Journ. Micros. Boo., 1931, 77, Ft. 1) 
described certain features in the develop- 
ment of the viviparous insect, Archipsocus 
fernandi, n. sp. The author points out 
that the yolk cells and the chorion are 
wanting. The ventral plate resolves itself 
into a median and two lateral plates. The 
former gives rise to mesoderm while from 
the latter the ectoderm is derived. The 
anterior and posterior rudiments give rise 
to endoderm. The usual insectan larval 
envelopes like the amnion and the serosa 
are forpiedr 
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The Chemical Nature of Enzymes. 

By K. Venkata Giri, M.se., A.i.i.sc. 

Department of BiochemisiTy^ Indian Institute of Science, Bg^ngalore. 


riiPIE study of tlie chemical nature of an 
enzyme may be approaehecl by both 
direct and indirect metliods. The direct 
method of in^restigation consists firstly in 
obtaining an enzyme preparation freed as 
far as possible from associated impurities 
and subsequently in submitting the purified 
product to qualitative and quantitative 
chemical analysis. Among the indirect 
methods may be mentioned (1) observations 
on the inactivation of enzymes;^*- (2) at- 
tempts to alter tlie structure of the enzyme 
molecule by treatment of the enzyme pre- 
paration with reagents specific to certain 
chemical groups, and tlie examination of 
the influence of such treatments upon the 
activity (3) observations upon physico- 
chemical behaviour which, in some cases, 
have yielded very interesting confirmations 
of the findings of the more direct methodsA’'’*'’ 

In spite of the several efforts to purify 
enzymes by adsorption methods, first intro- 
duced by Willstatter, no success has so far 
been attained in identifying any of the 
known enzymes as a chemical individual. 
The view of Willstatter that an enzyme 
consists of a colloidal carrier and one or 
more chemically active groups, is supported 
by observations on the behaviour of enzymes 
and enzyme-like substances of known struc- 
ture; the colloidal carrier determines the 
stability and the magnitude of the catalytic 
activity of the active groups, the lal3ter 
being responsible for the specificity of the 
enzymes. Thus, the oxyh'emoglobiii crystals 
isolated from the blood of different animals 
exhibit quantitative differences in their 
peroxidase activity, such differences being 
due to the association of the same active 
iron bearing dyestuff (licCmin group) with 
different globin complexes acting as carriers^ 
and the water-soluble lyochromes the flavines, 
newly isolated by Kuhn, Warburg and their 
collaborators'^ which constitute vitamin B., 
and exhibit enzymic activity by their com- 
bination with a colloid carrier, afford typical 
examples of the composite nature of enzymes. 

In recent years, the significance of the 
protein nature of enzymes has become the 
subject-matter of fruitful discussion between 
American workers on the one hand, and 
Willstatter and his colleagues in Germany, 
on the other. While Willstatter and his 


co-workers succeeded in obtaining protein- 
free preparations of saccharase,'^ amylase, 
pepsin, and urease,^" the American workers 
have been equally successful in obtaining 
highly active preparations of a predomi- 
nantly protein character. The isolation of 
urease by Sumnerd ^ pepsin by Northrop, 
trypsin by Northrop and Kunitz,^"^ chymo- 
rypsin by Kunitz and Northrop,^'' amylase 
by Caldwell, Booher and Sherman, and 
lipase by Banian and Laeverenz^"^ in the 
form of crystallised proteins may be men- 
tioned among the important preparative 
successes. But the question whether the 
protein forms an indispensable constituent 
of the enzyme molecule still remains un- 
settled. 

Several important papers on the chemical 
nature of amylase have recently been pub- 
lished. The protein nature of pancreatic 
amylase postulated by Sherman and his 
co-workers' ^ has been questioned by Will- 
statter and his associates^'^ who obtained 
highly active protein- free preparations 
through adsorption methods. In the case 
of vegetable amylases, the chemical nature 
of the enzyme is far less decisive and con- 
sistent.-'^ The author-' has recently reported 
the isolation from sweet potatoes by re- 
peated adsorption on alumina gel, elution 
and dialysis, of a very active amylase pre- 
paration, free from proteins and has thus 
shown that the enzyme is neither a protein 
nor contains protein as an essential 
constituent. 
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Diffraction of Matter.''' 

By Dr. S. Rarnaswainy, n.sc., pIi.b. 


lWr.\TT14R i.s built up of two types of entities 
called •• MU'.ctrou.s ’’ and ‘•Pi'otous.” the b .‘- 
haviour of which in large-scale electric or ma.gnetic 
fiehls can be exphiined s:itisfa,ctorily by assuming 
them to be particles with delinite mass and elec- 
tric cliarge subject to the ordinary laws of mecha- 
nics. But phenomena like spectral emi.ssion and 
the pliotoelectric etToct cannot be explained on 
these lines. The new mechanics developed by 
De Broglie, Scluodinger, Ilei.senberg, Born and 
Dirac load.s to the same result a.s classical mecha- 
nics in large-scale phenomena and, at the same 
time., solves the problems of at.Dmic mechanics. 
In this now treatment called Wave Mechanics, a 
beam of electrons is represented by a wave train 

wibli a wave-length A =— where h is Planck’s con- 

■mv 

stant, V is tlie velocity and ni tlie mass of tlie 
individual electrons. Tlio knowledge of the posi- 
tion of the electrons is repre.seritod by a “ wave 
1 ) a idee t ” o r g r o 1 1 ] ) of w a v e.s . 

If electrons can bo treated as waves, they ought 
to be diffracted by a lattice like the regularly 
arranged atonu in a, ciystal in very much the same 
way as X-rays and light. Tiiis was verified experi- 
mentally by G. P. Thomson, and D:ivi.sson and 
Germer almo.st simultaneously in 1028. 

G . P. Thomson allowed a fine pencil of cathode 
rays from a, discharge tube to pass througdi a very 
thin film of gold and then fall on a photographic 
plate. Till? api)aratus was kept completely eva- 
cuated in or/lor to prevent absorption of the elec- 
tron beam. A ring pattern was produced on the 
pljotogra.i)liic plate showing that the electron beam 
iiad been diffracted by tlie polycrystalline gold 
film. The wavehnigth caJculatod by assuming the 
lattice constant of gold agreed with that obtained 

from the relation A = This iihenonienon of 
■m.v 

diffraction of electrons offers a mctliod which has 
been succes.sfully employed for tlie investigation 
of the structure of thin films, surface phenomena, 
the nature of polislied, surfaces and other allied 
pi’oblems. 

Davisson and Germer used slow electrons from a 
hot filament, speeded u p by applied potentials of 
between 60 and 600 volts, incident on one of tlie 
faces of a single crystal of nickel, the diffracted 
beam being detected by a moveable Faraday 
chamber. The position of tlie diffraction maxima 


* .Ab.stracted from a lecture delivered under the 
au.spices of the South Indian Science Association, 
Bangalore, on lOtli September 1934. 


was not quite what should be expected from 
theory. This discrepancy can be explained by 
assuming an internal potential ” for tiie crystal. 
This internal potential is found to be related to 
the (dectrical conductivity and is about 16 volts 
for nickel. 

A fast electron beam fciUing on a small single 
crystal gives rise to an extended pattern of diffract- 
ed beams very much similar to those obtained 
with “ crossed grating.s ” and monochromatic 
liglit. Using a thin sheet of mica, Kikiichi ob- 
tained a pattern similar to what would result from 
a two-dimcn.sional grating of tlie type of a single 
sheet of atoms in the crystal. 'Condition for 
interference depends on two factor.s, the first of 
which i.s I'esponsible for the ci'oss grating effect 
and determines the position of the spots. The 
other factor depends on reinforcement of waves 
coming from points in a vertical row and the 
diffraction spots will be strong if this is strong and 
weak if this is weak. The second factor is obvious- 
ly very small for extremely small crystals and 
comes into play for thicker crystals. The pattern 
obtained changes accordingly with the thickness 
of the cry.stal. Besides these factors the inter- 
action of the incident and diffracted beams of 
electrons, wliicli is absent in the case of X-rays, 
has also to be taken into account for a rigorous 
explanation of tliese facts. 

Electron diffraction offers an excellent weapon 
for the study of the structure of free molecules, 
Le., molecules in the gaseous state. X-ray 
analysis of crystals sometimes leads to the deter- 
mination of the struct lire of molecules forming the 
crystal. But the metliod is laborious and depends 
on tiresome elimiri.ation of all interference pheno- 
mena arising from crystal symmetry. Tlie mole- 
cules in gases and vapours, however, are sufficient- 
ly independent of one anotlier to ascribe the 
intensity distribution obtained definitely to 
'■‘intramolecular” interference unadulterated by 
‘Mntermolecular ” effects. Using a fast electron 
beam and a jet of vapour Wierl has studied 
the structure of COLi. and othei' tetrachlorides. 
Tiie distances between carbon atoms obtained 
agree with those calculated fi’om X-ray data. 
Fdoctron diffraction thus offers a powerful weapon 
for testing molecular models. 

Electron diffraction is a new method of analysis 
and the exploration of its possibilities is still in 
its initial stages. This is merely an attempt to 
give typical illustrations of the interesting effects 
produced by the diffraction of material waves, 
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Science Notes. 


A New Species of Indohalrachus from the Frog 
beds ot Worli Hill, Bombay. —In a recent commu- 
nication sent to us, Mr. G. W. Cliiplonker (of the 
Geology Department, Benares Hindu University) 
records the occurrence of a new species of 
Indohalrachus from the Eocene fresh water beds of 
Bombay island. The author points out that this 
new species differs from /. pusUlus (Owen) in 
several respects such as the ratio of the length of 
the vertebral column to that .of the pelvis, the 
ratio of the femur to that of the tibia, the ratio of 
the length of the hind limbs to that of the body, 
etc. The new species is proposed to be called 
Indohatrachus trivialis. 

ilc :]£ tl« 

A Portable Electroscope for asceriainin'j the Radio- 
activity of Siirir^g Waters, natural gases and mine- 
rals . — An ordinai'y monthly meeting of the xisiatic 
Society of Bengal was held on Monday the 3rd 
December 1934:5 when several interesting papers 
were read and discussed. Mr. Cyril S. Fox de- 
scribBd and exhibited a field Electroscope which he 
employed for the examination of several mineral 
and thermal springs in Abyssinia. “The 
normal procedure is to take a definite quantity of 
the spring water and after strong agitation in a 
special vessel the gas evolved is passed into a suit- 
able chamber in the electroscope. The natural 
leakage of the apparatus having been previously 
determined the rate of fall of the leaf due to the 
introduction of the radon forced out of the water 
is next taken. The difference is due to the radon 
and this compared with a standard gives the 
radio-activity of the water in terms of radium. 

“ There are naturally a number of corrections 
and other calculations to be male before the final 
estimate is obtained, but for this field apparatus 
these are reduced to a min'mum by the design of 
the vessels and electroscope employed. The investi- 
gation so far as the autlior knows is the first of its 
kind outside Europe and no instrument of this 
type is available in England or India at the present 
time. 

“ It may be mentioned in passing that very hot 
springs are not likely to contain radon iis the gas 
is not retained by the water if the temperature 
exceeds 150° F. On the other hand, true radium 
carrying w^aters are very rare because radium 
salts are relatively insoluble and are precipitated 
as tlie water cools.” 

* * * 

Textile Research at Calcutta . — Dr. S. G. Barker, 
who recently resigned his post as Director of 
Research to the British Wool Industries Research 
Association, has been invited to organise a brancli 
of textile research at Calcutta. Dr. Barker is one 
of the best known amongst those who have har- 
nessed scientific research for the improvement of 
industrial processes and his investigations at 
Torridon have proved to be of the greatest benefit 
to the British Wool Textile trade. 

* * * 

The British Industries Fair, 1935.— The next 
British Industries Fair will open in London at 
Olympia and the White City on Monday, tlie 18th 
February 1935, and will close on Friday, the 1st 
March 1935. 

The Indian Trade Commissioner in London lias 
decided to participate in this Fair and intends 


to display a representative collection of Indian 
produce and manufactures of commercial impor- 
tance and possibilities. 

Firms wishing to exhibit their products a.t this 
Fair should communicate with the Indian Trade 
Commissioner. “ India House ”, Aldwych, London, 
W.C.2, who will be pleased to make arrangements 
for their display on the Indian Stand. 

As the Fair is attended in large numbers by 
buyers from most parts of the world, the exhibits 
are likely to receive wide-spread notice which may 
lead to satisfactory busine.ss connections. Book 
lets and show-cards relating to the Fair have been 
received from His Majesty’s Trade Commissioner 
in India, Calcutta and may be seen in the 
Commercial Library and Reading Room at 1, 
Council House Street, Calcutta. (The Indian Trade 
Journal, 1934-, 115 , 787.) 

H« 5Je * 

Third International Congress of Soil Science, 
Oxford, England, July 30th— August 7th, 1935. 
The Congress will be held by the Intel-national 
Society of Soil Science, under the general patron- 
age of the International Institute of Agriculture, 
Rome, and is open to all interested in Soil Science, 
Agriculture, Forestry and allied Sciences. It will 
be followed by an excursion through Great 
Britain, in which all who attend the Congress are 
invited to take part. 

Meetings of tlie General Committee of Inter- 
national Society of Soil Science will be held on the 
afternoon of Monday, July 29tb, 1935, and on the 
morning of Tuesday, July 30tli. The Inaugural 
Session of the Congress will be bedd and the 
Presidential xiddress will be given on the afternoon 
of Tuesday, July 30th. The Closing Session will 
take place on the afternoon of Wednesday, 
August 7 th. 

The Congress will meet as a wdiole at plenary 
sessions, and in sections at separate or joint 
sessions of tlie different Commissions through 
which the work of the Society is conducted. 
The subjects which will be dealt with by the 
Commission are: (1) Soil Phy.sics, (2) Soil 
Cliemistry, (3) Soil Microbiology, (4) Soil Fertility, 
(5) Soil Genesis, Morphology and Cartography, 
(oa) Alkali soils, (5Z?) Forest soils, (6) Application 
of Soil Science to land amelioration, (iki) Peat 
soils. 

Plenary Sessions will be held on the mornings of 
July 31st and August 1st, 2nd, 5th, 6bh and 7th. 
One Plenary Session will be conducted by each of 
the six main Commissions of the Society ; at each 
Plenary Session, recent advances in that branch 
of Soil Science covered by the work of the Commis- 
sion concerned will be reviewed in relation to 
Soil vScience a.s a whole. A number of excursions 
of both scientific and general interest will take 
place on Saturday, August 3i'd, and Sunda.y, 
August 4th. 

sK * >i« 

It is undei'stood that the Fourth British Empire 
Forestry Conference vhich was to have been held 
in 1933 but w^hich was not held owing to depres- 
ing economic conditions will be held next year in 
South xifrica, provided there is a reasonable 
prospect of the various parts of the Empire being 
well represented. The previous three Conferences 
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were hold iu London in 1920, in Canada in J923 
and in New Zealand in 1928. The fifth Conference, 
which is held once in a quinquennium, is to come 
off in 191.0 and will be presumably invited to 
India, announcement to wliich effect was made by 
tlie Indian Delegate Sir Peter Clutterbiick, at the 
last Conference in Australia. 

* * * 

Royal Institute of Science, Bombay . — A Scientific 
Exhibition in aid of the Special Appeal .Fund for 
Bombay Hospitals W’as opened in this Institute on 
the llltli of December, under the patronage of 
Itis Mxcelloncy the Governor of .Bombay and 
continued for 5 days. 

Jls * 

We a.re in receipt of the third issue of tlie Royal 
! nstitute of Srlcncc Maijazlnc, Bombay, and we 
welcome it. Started to seek out the causes of 
things” the .loiLrnal abounds in interesting arti- 
cles on subjects like Heavy Water, Heavy Hydro- 
gen, Wireless, etc. The editorial cliat begins 
with an account of the part that tlie staff 
merubers of the Institute played during the 
Science Congress held in Bombay in January 
1931 and ends with a list of original j^ublications 
from tln^ Institute, Judging by tlie numbers of 
])ap(U's, the Chemistry Department is very active 
while its sister departments like Physics, Botany 
and Zoology are also active. We wish the Journal 
a life of active useful service for the cause with 
which it was started. 

* 5i< >lS 

MclRors and Meteoric Iron in India. — ^IVIr. Mohcl. 
A. R. Eheri, A.H.ChS., B.Sc., F.H.A.S., Principal, 
Osmania University Collegi', Hyderabad, in the 
course of the Presidential Address delivered before 
the in(M‘ting of tlie Hyderabad Science Association, 
on LXth duly, ga-ve a brief account of the main 
fa,cts (;oDceri\ing meteors and meteorites with 
special i-eference to nndeoric iron in India. An 
abridged text of tlie address has recently been 
])ublishe.l in the form of a pamphlet, which makes 
a very interesting reading. As a moinbor of the 
Society for rc'^earc.rii on meteorites and a modest 
collector of the interesting objects liimself, his 
addi'css bears a stamp of authority and we feel 
sure tliat the pamphlet woukl be widely read and 
appreciated. 

The account of the. iron metconte that fell in the 
reign of Jehangir (described on pages 12-14) may 
perhaps induce some (mthusiastic l eaders to inquire 
about the two sw..)rds that were made from it, in 
responsible quarters. 

Needless to say that any authenlic information 
bearing on the subject either of unrecorded meteo- 
rite falls, or of the two swords above referred to, 
or in fact, of any other article manufactured from 
an iron meteorite in India,, will be most gratefully 

acknowledged by the author. 

* * * 

Lanolin Rust Engineering Research 

Special Report No. 12, (2nd Edition). ^ His Ma- 
jesty’s Stationery Cilice. The original edition of this 
report being nearly exhausted a second edition has 
been prepared. A considerable amount of further 
information is now available. In particular, ‘ life 
tests extending over a period of five years on 
articles coated with recommended lanolin mix- 
tures have been completed, and have given full 
proof of the protective value of the material. The 
new edition gives a complete account of the 
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investigations undertaken together with the con- 
firmatory tests carried out and the opportunity 
has been t.aken to include certain further recom- 
mendations which are considered desirable. 

* 5f« * 

We are happy to felicitate Dr, Bawa Kartar 
Singh, r.E.S., on his being appointed Principal, 
Raven-sbaw College, Cuttack. Prof. Singh was 
born in 1886 at Vairoval, Amritsar. He graduated 
in l:)03 and after four years of post-graduate 
research work at London and Cambridge, he 
returned to India and was appointed Profe.ssor of 
Cliemistry at Dacca College -where he served till 
1918. Since then, he held the Professorships at 
Government College, Lahore and Patna College. 
He was appointed Senior Professor of Chemistry, 
Raveashaw College, Cuttack, in 1921, which post 
lie has been liolding ever since. He was President 
of the Indian Chemical Society, J 931-83 and 
Piesident of tlie Chemistry Section, Indian 
Science Congress, 1920. Dr. Singh has built a 
school of researcli in Chemistry at Cuttack and is 
well known for his keen interest 'in educational 
affairs. 

5l! ^ 

J. N- Bos Memorial Medal . — Applications are 
invited for tlie award of a Gold Medal of the 
value of Rs. 70 (Rs. 100 for 1934) in memory of 
late Mr. .1. M. Das Gupta. The medal will be 
awarded every alternate year to the best candidate 
for investigation on a subject relating to any 
branch of chemistry on the following conditions : 

( 1) Only unimblished researches or those pub- 
lished in tlio Journal of the Indian Chemical 
Society during the period shall be taken into 
consideration. 

(2) The Society shall Jiave tlie right to publish 
in its Journal, the whole, a part, or a modified 
form of thesis for which the medal is awarded. 

(3) The medal shall not be awarded more than 
once to the same candidate. 

(4) No paper on the presentation of wdiich any 
otlier piize or degree other than M. A. or M.Sc. 
has been obtained, will be accepted- Further infor- 
mation can be obtained from the Houy. Secretaiy, 
Indian Chemical Society, 92, Upper Circular 
Road, Calcutta. 

if. ^ ^ 

We acknowledge with thanks the receipt of the 
following : — 

“ The Journal of Agricultural Research, ” VoL 
49, Nos. 4 and 5. 

Indian Journal of Agricultural Science, ” Vol. 
4, Pts. 4 and 5. 

“ Contributions from Boyce Thomson Ins^titute,” 
Vol. 6, No. 3. 

“ The Journal of the Indian Botanical Society, ” 
Vol. 13, No. 3. 

“The Journal of the Institute of Bre-wing, ” 
Vol. 40, Nos. 10 and 11. 

“ Canadian Journal of Besearch.” Vol. 2, No. 4. 

“ The Chemical Age,” Vol. 31, Nos. 799 to 803. 

“ Berichte der Deutschen Cliemischen Gcssells 
chaft,” Vol. 67, No. 11. ^ 

“ The Cambridge Bulletin, ” No. 75, Nov. 1934. 

“The Experimental Station Record, ” Vol. 71, 
Nos. 3 and 4. ^ 

“ Educational India, ” Vol. 1, No. 5. 

“ Indian Forester, ” Vol. 60, No. 12. 

“ Forsebungen und Fortschritte, ” Jahrgang 10, 
; Nos. 30 and 32. 
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Tlu*. Journal or“ tlio Goo]oo;ical, Mining and 
IMetallurgicnl Society of India, ” Vol. (5, No. 3. 
Tlie Indian Trade Ileview, ’’ Vol. 12, No. 70. 

“ Kesoarch Publications of the Punjab liTi-gation 
Pesearch Institute”. — 

Vol. 1. No. 4. .Vpril 1033. An Investigation of 
the rise of water table in the CTienab Canal 
area, Punjab. 

Vol. 2, No. (>, February 1034. 2 \n Investigation 
of the flow of water in Khanki Weir and 
the pressures on tlie floor. 

Vol. 3. No. 1. An .\nalysis of the Utilization 
of Irrigation Water in Typical Punjab 
Canals. 

Vol. 4, No, 1 , February 1931 . A gravimetrical 
survey of the Sub-Alluvium of the Jlielum- 
Chenab-Ravi-Doabs and its application to 
problems of waterlogging. 

Vol. 4, No. C), A simple metliod for determining 
tbo reaction and titration curves of soils. 

Vol. 5, No. 2, January 1934. The Tran.smbsion 
coefficients of water in natural silts. 

Monthly Statistics of the Production of certain 
selected Industries of India, ” August 1931 
(Government of India Publication). 

Communications from the Kameidingh Onne.s 
Laboratory of the University of Leiden,” 224-228 ; 
Vol. 20, Supplements Nos. 70-75. November 1931 
to September 1 933, Nos. 217-228. 

Tire Association of Special Libraries and Infor- 
mation Bureaux ; Report of the Proceedings of the 
11th Conference;” 


Advance Proceedings of the Asiatic Society of 
Bengal,” Vol. 1, No. 2, November 1931. 

Report of the Forest Reseai*ch Board for the 
year ending 31st Marcli 1934 with Report of the 
Director of Foi-est Research, ” published by His 
Majesty’s Stationery Office, 1934. 

*• Matlrematics Student,” Vol. 1, 1933. 

“ Memoirs of tlie Indian Meteorologic.al Depart- 
ment,” Vol. 29, Pt. 4, Discussion of Results of 
Sounding Balloon Ascents at Poona and Hydera- 
bad during the period October 1028 to December 
1931. 

“ Scriuta Matliematica, ” No. -1 , . August 1934. 

‘^Nature,” Vol. 13-1, Nos 3390->339 J . 

“ Natural History, ” November 1934. 

“ The Journal of Nutrition, ” Vol. S, No. 4. 

“ The Journal of Chemical Phvsics,” Vol. 2, 
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Reviews. 


ACTPAUTIES SCIENTTFIQUES ET InDTOTRIEL- 
LES. No. 123. Les Surfaces Algebriqiies 
non Rationellcs de Genres Aritlimetique et 
Geometrique Ffuls. By Lucien Godeanx. 
Pp 33. Price 10 Frs, 

The conditions given by Enriques and 
Castelnuovo for a given algebraic surface 
of order n to be rational, are (1) The 
surfaces of order (ti — 3) passing (i--l) times 
through every multiple curve of order i 
on the surface and (j—2] times through 
every multiple point of order j should 
pass through all the adjoint curves of 
the sections of tlie surface on every plane 
of space; and (2) Surfaces of order (27^--S) 
passing (21 — 2) times through every multiple 
curve of order h and (2j— 4) times througii 
every multiple point of order i do not exist. 
Now the condition (2) obviously includes the 
following condition, viz., (3) The surfaces of 
order (n—4^) passing (/—I) times through 
every multiple curve of order i and (j—2) 
times through every multiple point of order 
j do not exist. 

.This monograph deals with the general 
construction and properties of surfaces for 
which the conditions (1) and (3) are satisfied 
and (2) is not satisfied; or in other wore*/ 


surfaces whose arithmetical and geometrical 
deficiencies are aero. The first example of 
such a surface given by the autliors men- 
tioned earlier is the quartic sniJace having 
the sides of a tetrahedron as double lines. 
The first few pages of the book are devoted 
to a sketcli of the elementary theory of 
algebraic surfaces and the reader is referred 
to the standard works of S( 3 veri and Pieard- 
Simart for details and further development. 
Next the determination of the deficiencies 
of higher orders of the various special 
surfaces in view is treated. It is shewn that 
the bigenre or the deficiency of the second 
order of tlie previously-mentioned surfjices 
is one. It is interesting to note that 
Enriques has proved tliab all surfaces whose 
arithmetical and geometrical deficioncies are 
zero and whose bigenre is unity is birational- 
ly equivalent to this surface. Next we find 
the proofs of the existence and some 
properties ‘ of Castelnuovo’s surface, iriz., a 
seventh degree surface liaving a triple line R 
and a double conic r wliich does not inter- 
sect R and which has three tacnodes A, B, 0, 
whose tacnodal planes pass through R. 
This surface also belongs to the species of 
surfaces. in view. The monograph ends with 


CUmENT SCIENCE 


281 


irio.tliod of constriicfcing sucli 
siu’fjK'iss. Oiu^ intei’ostiiii? example of such 
a, siirfaice by the author is a seventh 

d(‘<i:r(a‘ surfa,{*-(‘. (urcuinscribed to a tetrahedron 
huAdn^' a,s ta,(‘.no(Ial curves any four sides of 
tetrahedron forming a skew quadrilate- 
ral. hook presupposes on tlie part of 

tli(‘- I’l^aher a, good knowledge of the theory 
of alg(h)i‘aa(*. surfaces. 

K. V. I. 

'U :!: :l: 

Ml I-: :M 10 N '1' A KA' i 1 1 A N'l’ u M M no I r a n i os. My 
Iv. \V. (luriiy. (( la,mbri<lg(^ University Pro^ss, 
IPdl; pp. Idh)* Pri(*.e S.s*. iUl . net. 

books on (biirntum M'e(dia,ui(*.s can w(dl be 
div ideal iiil.o tillage, chisses. Books lik(‘, those 
of I)ira,(‘, \V<‘yl a.nd Neumann appeal to the 
mathmna.tieia.n aaid ma^tliematical physicist, 
whiles t.lios(‘. of I )arwin aaid Lindennann serve 
tlH‘. layman. A tdiird (‘hiss tyf>i[icd by Fren- 
ked's (irst voIuni(‘. aaid Mott’s outlines is 
intend(Ml for Mub consumption of tlie experi- 
numt/a-lisl'. book before us definitely 

Ixdongs to thc'. la-st ca,tegory and among 
books of this nature, it breaks new ground in 
it s midhod of pia^sontatiou. Ft islx^st d(‘,scrib- 
(m 1 by a.lt(‘riiig its title to Anschaulich 
(puuitum I\lec.luini(*.s ” if such a medley of 
words W(U’(‘. pinuuissible. Tiu^ author very 
ing(miously (‘a.i'ricd out the x>^‘ogranime of 
^Mitding” ?// initdan'ns into potential boxes 
by nu‘a.ns of a. larg(^ number of carefully 
tliouglit^ out. dijigrarns. Tlie advantages of 
this gra.[)hica.l nietliod hav(‘, really been 
two-fold. It, ha.s not only been possible to 
explahi th(‘ fum lannmta,! pia’iiciples clearly, 
but spa.(a‘ luis l)(‘-en found to dead with a 
la.ig(‘ niimlxM- of important a,f)pli('.atious in a 
s(‘mi-(|uaint.i( a,t i va". man mu*. As (^xa,mj)l(‘.s might 
b(‘. cit(Ml t.h(‘ s(‘(‘.t;i()ns on dia,tomi(*. molecules, 
va.lcnc.(^ bonds, electrons in crysta,ls, insula- 
t.ors a,nd couduc.t.ors, (‘.x(dt, addon and dissocia- 
tion. Mon^ than to t,h(‘. exfun-imeiitalist, 
t.his hook will found to be. of value to the 
mad.h(‘.mad,i<'ia,n a.nd will pi-()V(‘ to him a sort 
of a.n oa.sis in t-lu?: middle of the arid desert of 
(iua,nl:um symbol ism. 

Tlnu’c is a. short mathematical appendix 
ad, tdie (md, but if, is doubtful if it will serve 
any usid’ul purj)()se. ; for no physicist, even an 
(Lxpei’innmta-list, who does not know the 
madih(miad;i(*.s (contained in the appendix, is 
lik(‘ly to b (5 benohted by the book. Tlie 
author lias, In our opinion, very wisely 
refrained from giving an account of the 
Dirac theory of the electron. 

Nothing need bo said as regards the 


printing since it has been done at the 
Cambridge University Press. The price too 
is very reasonable. 

B. S. M. 

5i« ii« 

Titk Diffraction of X-E,ays and Elec- 
trons nv Amorphous Solids, Liquids and 
Cases. By J. J. Pandall. (Chapman and 
TFall, xii 1 - 290, 1931.) Price 21s. 

The book under review is a welcome 
addition to the literature on the subject and 
a mere perusal of it will show that it will 
be one of tlie best works on tliat subject. 

Beginning with a brief survey and 
touching on the essential elementary princi- 
ples of X-Eay ciystallography, the author 
proceeds to deal with the Diffraction of 
X-Eays and Electrons by Gases and 
Vapours. Appropriately enough Chapter V 
has been dealt with in detail. Starting 
with the historical aspect of the problem 
of Diffraction of X-Eays (and Electrons) 
by Liquids he gives the different theories 
advanced by workers like Eamati, Stewarfc, 
Prins and Debye. Next he discusses the 
experimental results obtained with both 
organic and inorganic liquids in the liglit of 
thc above theories. The remaining chapters 
of the book are devoted to subjects like : — 
Some Important Examples of Amorphous 
and Microcrystalline Solids; The Structure 
of Organic Fibres; X-Eays, Electrons and 
Surfa,ce Structure ; The Transition from 
Solid to Li(iuid; Isotropic Melts. Finally 
at tlie end, the author has given tables 
of Atomic Scattering Factors for X-Eays, 
Tables of Atomic and Ionic Eadii and 
S i n x 

Ta.bles of — ^ ^ — the value of which is 

X 

evident to tliose working on tliis and allied 
subjects. 

Speaking about thc development of the 
subjects (iealt with by the author one is 
stniede by the clear and logical treatment 
aided by tlie accompanying set of beautiful 
pliotograplis wliicli is a characteristic feature 
of tliis book. The book supplies a long- 
felt need by workers on X-rays and electron 
diffraction since other treatises on X-rays 
and crystal structure make but a passing 
reference to such problems as the exami- 
nation of amorphous solids, liquids, gases 
and surfaces by X-rays and electron 
diffraction methods. A comprehensive 
bibliography is given at the end of each 
chapter which will be found of great use. 
We have no hesitation whatever in 
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recommending the book to adviineed 
students of Physics and workisrs on X-lt:iys 

and Electron DilTraetion. 

* * 

Biochemical and Allied IticsEAiioii in 
India in 1933. Society of Biological 
Chemists (India), Indian Institutii of 
Science, Bangalore. 

The volume under reference is the fourth 
annual publication issued by the Soe.iety 
and covers most of the work published 
during 1933. The present one dillers from 
its predecessor in tliat a chapter on Agri- 
cultural Industries . is included, while 
General Microbiology is omitted. The tota.l 
number of 238 references which are abstrae.t- 
ed in this pamphlet is siilficient testimony 
to the volume of work conducted in l;he 


[Dkckmi’.I'.k 1G34 


luul in Mio 

various r(‘S(v.ir(*.h instJtutions ;uul 4*olU‘^^'(‘8. 
Proi)Ioius l.o a-^n-icult un‘ ;mh1 a.iiima,l 

nutrition ha.v(‘. na.f.ura.lly \ hu nl t(uu 

tion of inv(‘.sl iii^iitors a.nd rna.iiy of lIuMri still, 
iiwaiti Kolut.ion. 

It will 1)1^ (|uit(‘. lusaful if (.Iu‘ ( \>inn»in(M‘ oi; 
Publication [>r(da.(*(». l.Iio publioa-tion with 
a. short, <‘rit,i(*a,i roviinv of tlu^ inosl onlsta.nd- 
in<^ (U>nt,ributions llia,t ha,V(‘ b(*tni naido, 
durin<j: tln^ y(air. ThtUHH is no doubt that 
tho va,lu(‘ of tin'! hookhd, will 1 m‘ 
(nihaanaal . 

ddio ^(d-"Up of I. ho book is n<‘at and i,ho 
So(d(d.y luis t.o lx* <‘on<i:ra,! ulaifal on its 
olTorts*. It- is pro]>a,))ly a-n omission that the 
prit*.(‘- of th(‘ pa.nrf)hh‘t, is not. sta.ttMl. 


Forthcoming Events. 


Indian Science Congress, 1935. 

The Twent y-Second Annual Meetin};>- will be ludd 
in Calcutta from .Tanuarv 2nd to 8tii, 19‘>r). Dr. 
.T. H. Hatton, M.A., I.).,Sc.; T.O.S., F.A.S.H., 

Deputy Commissioner, Uhls, Koliima,, 

Assam, will preside. 

Society of Biological Chemists, India. 

January 5th, 1935, t) p.rn. Annual (hun'ral 
Body Meeting at Calcutta. 

Lucknow University, Faculty of Science. 
Special Lectures, Session 1934-35. 

The following sliort courses of Speri;i,l li(‘ctur(‘s 
have been ore:.vmse 1 at the invitation of tlH‘ Intcu*- 
Univei'sity Board a,nd in pur.suanco of riH^mi. 
resolutions passed by the Faculty of Sciemu' a.nd 
the Academic Council of Lucknow I Ini varsity. 
While the main objecit is to pi*omote a-dvaiKaai 
study and rescai'ch, it has btum ari*an,a-<,‘d l.lud. id. 
lea.st in some cases tin*, introduc.tory leetiii’c in 


(‘a(th course should pr<‘S(‘ni iht* more inun'ral anil 
))opuli\r aspiM'l s of t he subjiad , as far as jinssihlo 
in a. non-t (‘(‘liniea I nianuer, l( is 1 bus hoped to 
st imul.'d(‘ 1 h<‘ int <‘r<‘sl of the (alucat ed public and 
of scif'ut i-it s working.;’ in n*lat<*<l lichl.-. 

.Ia.n. 12, l-k 1 bat ibdO p.m. Diolop,\' 'Ph<-ain>. 
Ib'spiration in Dlanls.’* Dy Mi’- lb D. Cliow- 
dhnry, laad-urcr in Dotan>'. 

Jan. 1 9, 2 ), 2 1 , at <h df' p.m. Chemistrv 'riea'itian 

“■ Li<‘.s(‘g’a.nif;' bh'nasan 1 (he Inllm iita* of Media, on 
t ludr irmal'ion.” by Di*. ( ‘hattiU’Ji, 

1 a'ct iircr in ( 'hemist ry. 

Ja.n. 29. 27, 2S, .at II-JO p.m. Physics ddu-atre. 
Ma.<^’n(d ism in tsdat ion t o ( ‘hemirai Ih'ohitans.” 
Ibv Dr. K. Mat hiir. L adorer in Physics. 

Ja.n. 29, 20, dl, al (h’lO j>.m. (’hemisfry d'lieat-re. 

“ Phot.ocdnmiieal Proeessrs.” Py .M r. P. S. Ma.(; 
Mahon, Profi'ssor of ('iuanistry. 

htd>. 2, d, l,a( () d.O p.iu. Diidopyv d’h»' at re, 
Salt.rd.ion a nd Ke)a.tial Phenomen.a in h'tin^i.’ 
lyv Dr. S. N. DiiCupl.a, Iteiderin Botany. 


Errata. 


Vol. II, Iso. 12, pp. IGl-Ofi, “• Studids on 
the Pollen Tubes.” 

In Table 3, read 4-7, 5-2, 5-7, 0-2, (>-7, 
7-2, 7-7, 8-2, 8-7, 9-2, 
9-7 

for 47, 52, 57, 02, 67, 72, 
77, 82, 87, 92, 97. 


Vol. Ill, No. 5, p;ig(( 2D1, I'oliimn 2. lino 
from ira.d ()-()2 mg. for 6-2 mg. 
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P, N. Sastp, M.Sc., A.I.C., A.I.I.Sc., for the " Current Science ” Boqrd <)f l^ditprs, Ind^n liistjtutc of Science, Ucljli.il I'.ut. I'. i-i;;.ilors, 
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Planned Economy."*' 

T'N his recent vivacious volume, Scientific 
^ Research and Social Needs, Prof. Julian 
Huxley has shown us the close linkage he^ 
tween Science and Industry. The Industrial 
Eevolution of tlie last century was the 
result of the application to industry of the 
scientific discoveries of the time, and since 
then there has been a continuous application 
of science to industry, on the mechanical as 
well as on the chemical side. There has been 
a remarkable spurt during the post-war 
period in the application of science to eco- 
nomic life, and we are now living tlirough an 
Industrial Eevolution of far greater magni- 
tude and significance to humanity than the 
earlier one. It has been suggested that the 
problem of production has been at last 
solved, and it is now a question of appor- 
tioning work and leisure equitably among 
the members of a community. The problems 
of Production which were the main concern 
of the Industrial West in the 19th century 
are now replaced by problems of Distribution. 

Before the community can attend to these 
problems, it is necessary to face another, viz., 
the problem of adjusting the economic frame- 
work of society to the altered conditions. 
Science which has affected the methods of 
industry and its scale has also indirectly 
influenced social policy. In the early 19tli 
century, when mankind wanted to reap the 
fruits of the scientific discoveries, economic 
progress depended on removing the obsolete 
and vexatious shackles of Mercantilism and 
excessive State interference, and therefore 
Industry only wanted the State to stand out 
of its sunshine. But side by side with increas- 
ed production and trade, tlie evils of unregu- 
lated Industrialism were making themselves 
felt, and interference of the State with 
Industry to ameliorate the lot of the workers 
became imperative. For nearly a century 
State intervention was confined to the field 
of Distribution, without, however, affecting 
the structure of industry. The problem of 
wages and the relief of the unemployed 
were the chief questions that occupied the 
attention of economists and statesmen, but 
it is now realised, as has been pointed out 
by the Director of the International Labour 
Office, that the problem of wages has been 

* Planned Economy for India. By Sir M. 
Visvesvaraya, k.c.i.e.. ll.d., d.sc., m.i.m.e. 
Bangalore Pres.=;, Bangalore City, Mysore State, 
British India. Price Es. 6. 


[_All rights reserved.] 
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merged in the wider problem of the adapta- 
tion of Production to Consumption .... 
Tlie regulation of labour conditions is no 
longer so much a matter of protecting the 
worker against abuse as a part of rational 
organisation of society.’’ The problem of 
the hour is to resolve the paradox of Poverty 
in the midst of Plenty. For, the present 
economic depression and the widespread 
unemployment in the World are all due to 
the fact that we have failed to adopt the 
organisation of industry to the new phase of 
mechanical progress wdiich mankind has 
entered upon without fully realising its 
social and economic implications. The belief 
in the powers of self-adjustment of the 
economic machine has been smothered in 
the iinlifting gloom of the last four years, 
and there is a growing feeling that the 
economic life of society must be subjected 
to conscious collective control. This is the 
meaning of the demand for Planned 
Economy. 

The question arises whether such conscious 
collective control should be within the 
limits set by the present political frontiers, 
and the State in each country should plan 
for each as a separate unit, or whether there 
should not be some approach towards a World 
Plan. It is a platitude to say that the World 
has become one, and it has been argued that 
if the neotechnic economy of the present 
day is to survive, Industry must be organised 
on a World scale, and that for two reasons: 
The first is that the immense advance in the 
last few years in the means of communica- 
tion has made physical barriers insignificant 
and political barriers irrelevant. In the 
second place, the geographical distribution 
of the rare earths and metals, which are 
of supreme significance for the new indus- 
trial order, based as it is on Electricity, is 
such that no country can be independent 
or self-sufficient. “The basis of the material 
elements in the new industry is neither 
national nor continental but planetary, and 
this is equally true of its technological and 
scientific heritage.”* These facts making 
for what may be called a long period change 
happen, however, to be held in check at the 
present moment by widespread Economic 
^rationalism with ISTational self-sufficiency 
for its objective, which is sought to be pro- 
moted by hindrances to various kinds of 
International Trade. 

- Whether the Economic Organisation of 


the World is to be unitary, in the sense of a 
World Plan in which the interests of the 
parts are rigorously subordinated to those of 
humanity at large, or a federal one which 
takes the interests of the parts as the 
starting point and seeks to reconcile them in 
a common synthesis, both World Planning 
and Economic ^rationalism have to take 
account of two tendencies. The first is a 
continuous reduction of disparities between 
countries on the economic plane. With the 
development of automatic and semi-automa- 
tic machinery, it is certain that the range 
of industrial production will rapidly spread 
even in countries with no previous industrial 
experience, and it is on this ground that 
Mr. J- M. Keynes has supported a large 
measure of National self-sufficiency. 
Secondly, the basis of modern industry is 
Power, and the source of power has shifted 
in the last few years, and it has been 
argued that “ the availability of water-power 
for producing energy, finally, changes the 
potential distribution of modern industry 
throughout the planet, and reduces the 
peculiar industrial dominance that Europe 
and the United States held under the 
coal-and-iron regime. For Asia and South 
America are almost as well as endowed with 
water-power — over fifty million horse-power 
each — as the older industrial regimes, and 
Africa has three times as much as either 
Europe or North America. Even within 
Europe and the United States a shifting of 
the industrial centre of gravity is taking 
place : thus the leadership in hydro-electric 
power development has gone to Italy, 
France, Norway, Switzerland and Sweden 
in the order named, and a similar shift is 
taking place toward the two great social 
spinal mountain-systems of the United 
States. The coal, measures are no longer 
the exclusive measures of industrial power.”! 
The combined operation of these two tenden- 
cies will bring about a radical change of 
distribution of the weight of production in 
the New Order, whether it be cosmopolitan 
or national in outlook. 

World Planning, any more than Econo- 
mic Nationalism, will not bring peace bub 
a sword, because the advanced countries 
will be reluctant to surrender their predo- 
minance and allow themselves to be 
converted into ^ derelict areas while tlie 
backward .countries will be equally deter- 
mined in their unwillingness , to submit 


* Mumford, Technic^ and Civilisation^ 


t Mumford, op. cit. 
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]){ks«ivoly to a. crystallisation of tlieir present 
e(‘.onomi(*. status. But the march of events 
cannot be stayed. ‘^Oreat economic and 
social forces How with, ideal sweep over 
communities only half conscious of that 
whicli is befalling them. Wise statesmen 
are those who foresee what time is thus 
bringing and try to shape institutions, 
and to mould men’s thought and purpose 
in a,(*-e.oi‘da.n(*.(i with the eliange that is 
silently surrounding them ” (Morley). 
India., lik('. otluu' c-ountries, is faiuid with 
tliis prol)l(un of laumnstruction a.nd adjust- 
ment, a.nd it is Iku* good fortune that a 
sta.tesma.n of Sir M. Visvesvaraya's autho- 
ritiy a.nd lea.rning has given her leaders 
tiui fruits of his study, ^Hiow best the 
inter(‘,sts of a. buiidcward counf.ry like India 
could be furthered under the complex 
condit.ions of present-day civilisation”, 
iris work, Planned Keonomy for India, 
is ind(‘.ed a tra-c.t for the times, but by no 
micuis a pi(Hte of hurried composition, 
it r(‘pr(\sents a slowly-built-up plulosophy 
of lif(^, a,s w(dl a.s t.h(‘. results of a life-long 
study aiiid of strmiuous endi^avours to enlist 
th(‘. eo-op(‘ra.ti()n of his country-men in tlie 
task of (M'.onomie. regeneration of their 
(‘.ountry. 

I Us thesis may be bricdly summarised : 
ICc.onomi(‘- progri^ss is the pivot round Avbich 
a.ll otlier ac.tivities revolve, and the spread 
of the docitrine tha.t poverty is a thing to 
be toleratiMl, is a grivat danger to guard 
against. At ])r(‘.S(mt an overwhelming pro- 
portion of t]I(^ population in India is living 
Ixdow th(‘- poverty line. It is necessary 
that India, should be rescued from the 
doubl(‘. disa,bi]ii.y from wliiidi. she is suffer- 
ing, viz., h(M’ e.hronic (H'.ouomic backward- 
n<^ss, and th(‘. a.(*.ui(^ distri^ss of tlie present 
monnml, a.s n^sult of tln^. World I)(^-pres- 
sion. Whih^ Iudia,n agriculture should 
(‘.(M’ta.inly be improvixl by tlie adoption 
of modmai mid, hods of scientihe agriculture, 
the eaml.ri^ of gravity of economic rccon- 
s(, ruction lies in the sphere of Industriali- 
sat-ion. India nemls that a larger propor- 
tion of bin* people should be occupied in 
industries, a,nd her industrial life should 
avail itsidf of inechanisation and mass 
production rniddiods. These vast changes 
can only be brought a,bout by the combi- 
nation Of three things: Scientilic study 
of economic conditions with proper organisa- 
tion of statistics, and an economic survey, 
criuition of institutions, whose purpose 
will be to study the economic life of the 


country; and the formulation and opera- 
tion of a plan of development. 

In a Eeview devoted to the advancement 
of Science like ours, it is necessary only 
to touch on what might be called the 
scientific framework of Sir M. Visvesvaraya’s 
thesis and the manner in which it figures in 
his important work. There can be no 
difference with Sir M. Visvesvaraya in his 
contention that economic activities are the 
basic condition of higher activities ipid that 
poverty is a thing not to be tolerated. 
There were stages in human history when 
comfort and leisure were the portion of the 
few, and hard drudgery the lot of the many. 
The political centre of gravity has shifted to 
the masses, who will not tolerate this uneven 
division of good things in life, while modern 
science is a powerful ally of Democracy in 
its demand that poverty shall be abolished 
for all. If India is to maintain her teeming 
millions on anything like a decent level 
of existence, and what is more, if the 
country is not to become a matter of 
concern and a menace to the rest of the 
World, it is necessary that the latest appli- 
cations of science to agriculture, industry 
and transport, should be fully utilised so 
that the volume of production as well as the 
level of comfort may be raised. 

Science is extending its frontiers, and 
iields of knowledge lying on the margin, or 
beyond the margin, of scientihe study are 
being brought under cultivation. The iife of 
society itself needs to be brought under the 
influence of Science, and it is here that the 
students of Science are under a special 
obligation to Sir M. Visvesvaraya in his 
warm belief and vigorous insistence that the 
facts’*' and the operations of Indian 
economic life can and should be subjected 
to measurement and scientific analysis. 
Eight througli his work there is a refresliing 
appreciation of the value of statistics, and 
his powerful plea for their proper organisa- 
tion will surely receive the consideration 
that is its due. Measurement of social 
phenomena is yet in its infancy, and in no 
held of social activities are, perhaps, the 
need for piieasurement, and the chances 


* Facts are the food of scieace: if we are going 
to be scientific about human nature and human 
society, instead of just trusting to blind social and 
economic forces (and see what a mess that blind 
trust lias led us into ! ) let us begin by insisting on 
a proper supply of facts .as grist to the scientific 
miU. --Scierdific Research and Social Needs, by 
Julian Huxley. 
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of success, greater than in Economics. 
Economists for a long time were content with 
qualitative analysis, but in recent years 
there lias been both a recognition of the 
need for, as well as a growth of, quantitative 


j measurement. Sir M. Visvesvaraya’s work 
is a gratifying indication to the World of 
Science that we in India are aware of recent 
developments in this important held of study. 

N. S. S. E. 


Some Recent Advances in Indian Geology.'^ 

By W. D. West, 

Geological Survey of India. 


3. The Geology of the Himalaya, t 
The Simla-Chakrata Hills. 

TWE may now consider the second area 
within the Himalaya which has of 
late received attention from the Geological 
Survey of India. In 1925 G. E. Pilgrim 
and W. D. West began a resurvey of the 
country between Simla and Cliakrata, and 
were later joined by J. B, Auden. This 
area had first received attention from H. B. 
Medlicott so long ago as 1860, and was 
subsequently the subject of several papers 
by E. D. Oldham and others. It was 
Medlicott, however, who laid the founda' 
tions of our knowledge of this part of the 
Himalaya. 

A feature of the geology of much of this 
country, y^hich puzzled Medlicott and 
subsequent observers, is the occurrence of 
highly metamorphosed rocks, such as gar- 
netiferous mica-schists and amphibolites, 
resting on top of practically unaltered 
rocks, such as the Simla slates. According 
to Pilgrim and West, these rock groups are 
not now in their original position relative 
to one another.-^ Detailed mapping and 
metamorphic considerations have led them 
to conclude that the metamorphic rocks, 
which are really part of the belt of rocks 
forming the central axis of the Himalaya, 
have been forced southward for many miles 
along a nearly horizontal thrust plane, so 
as to lie now on top of the unaltered rocks. 
These metamorphic rocks, named the Jutogh 
series, are seen forming the upper part of 
the ridge on which Simla is built, the small 
-hill station of Chail, and the greater part 
of tlie Ciiaur mountain south-east of Simla. 
At the two former localities they occur as 
true ^ klippe ’, since the effects of denuda- 
^tion have left them as isolated outliers 
^dapping the two hills. But the outcrop 

Lr.;* Pti Wished with the permission of the Director, 
.iGeological Survey of India. 

' f Continued from previous issue, Curr. Sci., 
1934, 3 , 231. 

Mem. Geol. Surv. Ind.^ 1928, 53 , 


that forms the greater part of tlie Chaur 
mountain continues northwards along a 
high ridge, and so joins up directly with 
the main mass of crystalline schists and 
granites north of the Sutlej river. The 
Chaur outcrop is thus a direct southward 
extension of the rocks of the central axis 
of the Himalaya, and the way in which 
these metamorphosed rocks extend so far 
south as a nearly horizontal sheet, over- 
lying the less metamorphosed slate-lime- 
stone group of rocks, is one of the most 
striking features of the geology. In addi- 
tion to the major thrust plane along wliich 
the Jutogh series have travelled, there are 
other thrust planes in tlie rocks below, of 
which the Chail thrust is tlie most impor- 
tant. The crush phenomena ' found along 
the line of this thrust afford evidence of 
considerable horizontal movement here also. 
It is. possible tliat the oncoming of the 
uppermost Jutogh beds like a gigantic wave 
from the north, induced the formation of 
the underlying thrusts, the rocks being 
piled up one on top of the otlier as a result 
of great horizontal compression. 

Intruded into the Jutogh series there 
occurs the porpliyritic gneissose biotite- 
granite which forms the upper part of the 
Chaur peak. This is the same rock as 
Stoliezka’s ‘ Central Gneiss and is one of 
a long series of intrusions stretching from 
Garhwal to Nanga Parbat. According to 
Pilgrim and West, the foliation which is- 
found locally in it was developed at the 
time of its intrusion. Around the granite 
there is a definite increase in tlie grade of 
metamorphism of the Jutogh series, produc- 
ing very coarse garnet-staurolite-schists, 
whilst kyanite is sometimes found. 

The underlying less metamorphosed rocks 
comprise a number of series which have 
been given local names. These include the 
Chail, Simla, Jaunsar, Krol, Sliali, Deoban 
and Tal series, together with the thin but 
important Blaini beds, which arc now 
thought to be homotaxial with the Talchir 
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beds of Peninsular India, as first suggested 
by Oldham, The age of the rest of the 
rocks is at present quite unknown, though 
certain deductions may be made. These 
less metamorphosed rocks have been studied 
and mapped in detail by Auden along a 
narrow belt of country lying immediately 
south-west of the country mapped by Pilgrim 
and West, extending in an E.-S.-E. direc- 
tion from Solon on the Kalka-Simla railway 
to the southern part of the Chakrata dis- 
trict.-- It seems clear from his work that 
the rocks of this Krol belt are a thrust 
mass of Jaunsar-Blaini-Krol-Tal rocks, 
resting on a floor of Simla slates and 
Tertiary rocks, from whicli they are sepa- 
rated by the Krol thrust, which is itself 
folded. The details of the structures are 
too complicated to allow of easy summary, 
but, broadly speaking, there are two thrust- 
bound synclines overturned towards the 
south, the northern syncline being brought 
on by the Giri thrust, and the southern by 
the Krol thrust. The latter is the more 
important of the two, separating the 
Tertiary rocks from the pre-Tertiary. Old- 
ham's ‘ Main Boundary Fault’ comes still 
further to the south-west. East of Kalian 
the two latter thrusts meet, the Krol thrust 
appearing to overlap the other. Towards 
the south-east end of the belt the northern 
syncline opens out and includes a mass of 
Tal rocks, which overlie the Krol rocks 
unconformably. It will be remembered 
that comminuted fossils have been found 
in the Tal rocks of the type locality in 
Garhw'al, but too damaged to be identified. 
In the soutliern portion of the Chakrata 
district, by and east of the Tons river, this 
belt of rocks is bounded on the north side 
by another thrust, the Tons thrust. As 
this thrust dips to the south and south-west, 
and as the Krol thrust on the south side 
of the belt dips northwards, it is suggested 
that the two thrusts are the same and join 
below, and that the great syncline of 
Jaunsar rocks, with overlying Krols and 
Tals, rests as a nappe on a folded thrust 
plane. The component beds of the two 
synclines are much folded, but this folding 
is not regarded by Auden as of structural 
significance, but as due to the incompetent 
nature of the beds. The two synclines have 
behaved as units, which have moved 
en bloe. 

A ’point stressed by Auden is that too 


much emphasis has in the past been laid 
on a single ^ Main Boundary Fault ’ as 
having borne the burden of the advance 
of the Himalaya, and in particular he 
rejects Lake’s simple explanation of moun- 
tain arcs, which has already been referred 
to. As Middlemiss showed long ago, in 
addition to Oldham’s ^ Main Boundary 
Fault ’ there are several comparable faults 
within and bounding the Siwaliks on the 
one liand, and within and bounding the 
pre-Tertiary rocks on the other hand. And 
the more recent work on these latter rocks 
has only served to extend these observa- 
tions, and to emphasise the importance of 
these other thrusts. 

As regards the time of intrusion of the 
gneissose granite which is found in the 
Jutogh series, and similar granites else- 
where, Lansdowne, Dudatoli, and the 
main mass of the Dhaoladhar range to 
beyond Dalhousie, which seems to be iden- 
tical with what Stoliczka called the ^ Cen- 
tral Gneiss ’, Pilgrim and West, while 
refraining from expressing any definite 
opinion except that it was probably pre- 
Ohail ill age and possibly Archsean, rejected 
McMahon’s view that the intrusion took 
place during the Tertiary at the time of 
the upheaval of the Himalaya. Auden has 
now gone further, and has put forward 
reasons for supposing the intrusion to have 
taken place towards the end of the Pahno- 
zoic, suggesting that it occurred in connec- 
tion with certain ci’ust movements which 
he thinks took place in pre-Infra-Krol 
times, along a line coincident with the line 
of the old Aravalli mountains if continued 
north-eastwards from Delhi towards the 
Himalaya. This recognition of an older 
structure subordinate to the main I\aino- 
zoic structure of the Himalaya in these 
hills may prove to be important, though 
it would be surprising not to find evidence 
of some such break, considering the import- 
ance of the break between the Dravidian 
and the Aryan in so many parts of India. 
The suggestion that it is an Aravalli struc- 
ture (based on tlie direction of minor folds 
in pre-Infra-Krol rocks, and the direction 
of orientation of phenocrysts in the Lans- 
downe granite) must await the results of 
further observation. Nevertheless it has 
received considerable support from the 
gravity investigations of the Survey of 
India, which suggest that there is an 
upward buckling of the floor of the 
Gangetic trough along a line stretching 


22 Bee, GeoL Surv. Ind., 1934, 67, 357. 
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from rjellii towards Saharaiipiir.”’^ In an 
earlier paper Auden discussed the age of 
certain Himalayan granites, and arrived at 
tentative conclusions based partly on such 
tectonic considerations.-^ According to 
him it seems definite that some of the 
granites of the Central Himalaya and 
border ranges closer to the Peninsula were 
intruded in pre-Triassic times, and belong 
to pre-Himalayan tectonics, though they 
are probably of more than one age. Con- 
sidering very generally this question of the 
age of Himalayan granites, it appears from 
recent researches that the youngest type 
is a tourmaline-granite, the intrusion of 
which must have taken place in very late 
Kainozoic times. Another which is common 
in many parts of the Himalaya is a liorn- 
blende-granite with sphene and sometimes 
epidote. Around Nanga Parbat and in 
Ladakh it has metamorphosed the Panjal 
trap, while a similar granite is post-Creta- 
ceous in age in the Everest region. Of 
probably older age is the porphyritic gneis- 
sose biotite-granite, Stoliezka’s ^ Central 
Gneiss’, so frequently referred to above. 
It is definitely post-Dogra slate in age, and, 
according to Wadia, is post-Carboniferous 
in the Pir Panjal.-^' Finally, pebbles of older 
granites have been found in the Panjal 
Agglomerate, in the breccia at the base of 
Middlemi'ss’s Purple Slate series, and else- 
where. It is thus clear that there are a 
number of granites in the Himalaya of 
different ages ; but their relative import- 
ance, and the part that any of them may 
have played in the Kainozoic mountain 
building movements, or in the metamorph- 
ism of Palaeozoic sediments to crystalline 
schists, cannot at present be determined 
with certainty, and will have to await the 
detailed mapping of one complete section 
of the Himalaya. 

In discussing the metamorphism of the 
rocks of the Krol belt, which is of a low 
epi type, Auden suggests that the greater 
metaniorphism displayed by the rocks in 
the Chaur area further north-east is due 
entirely to the intrusion of tlie Chaur 
granite, and rather infers that had there 
been no granite then the rocks would have 
displayed no greater metamorphism than 

23 Oeodetic Beport, 1933, 8 , 57. 

24 Bee. Geol Surv. Ind., 1933,66, 461. 

25 Op. cit., 1932, 66, 224 ; and Mem. Geol. Surv. 
Ind., 1907, 36, 183-184. 

2 c Mem. Geol Surv. Ind., 1928, 51 , 223. - 


the rocks of the Krol belt.“^ His views are 
based on a general consideration of the 
metamorphism displayed by the rocks in 
the Simla area, and in particular on a visit 
to Lansdowne and an inability while there 
to find any discordance separating the 
garnetiferous schists surrounding the Lans- 
downe granite from the less metamorphosed 
rocks further away. This is contrary to 
the opinion expressed by Pilgrim and West, 
who regarded the Jutogh series as an older 
set of rocks . which everywhere display a 
meso-grade of metamorphism, locally inten- 
sified by the Chaur granite. They were 
impressed with the importance of the Jutogh 
thrust, which has brought the Jutogh rocks, 
together with the Chaur granite and its 
associated igneous rocks, into contact wntli 
rocks displaying only an 6j>^-grade of 
metamorphism, or no metamorphism at all. 
They fully realised, however, the possibility 
of the Jutogh and Chail series both being 
older than the metamorphism, which might 
liave metamorphosed them to different 
grades before the thrusting brought them 
into juxtaposition. The matter is referred 
to at some length liere because it is a 
problem of prime importance. Leaving 
out of consideration the evidence for the 
Jutogli thrust, it is really a problem of 
explaining how, on the assumption that 
there has been no thrusting, the uppermost 
rocks with a roughly liorizontal disposition 
have come to bo intruded with granites, 
wliile the underlying rocks liave escaped 
the intrusion. The presence of the Jutogh 
thrust between the two sets of rocks explains 
the anomaly, but it is a solution which 
may have only a local application, and 
of course throws no liglit on the relative 
ages of the rocks. In an unpublished 
report on traverses in Eastern Nepal, Auden 
has developed his point of view a step 
further by definitely suggesting tliat the 
Baling series pass up by increasing meta- 
morphism into Darjeeling gneiss, the latter 
consisting mostly of para-gneiss and schist. 
Here again tlie more metamorphosed rocks, 
with tlieir accompanying ortlio-gneiss and 
granite, overlie the less metamorphosed 
Balings. According to Auden the two are 
the same, the Balings belonging to the 
chlorite zone of metamorphism and the 
Darjeeling gneiss to the combined hioiite- 
garnet zones. This question of the age or 
ages of the crystalline schists in the Hima' 


27 Bee. Geol. Surv. Ind., 1934, 67 , 406-419. 
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laya is full of difficulties and will possibly 
only be solved in an area where there is no 
extensive thrusting. The problem is an 
important one, and with it is bound up 
the question of the age of some of the 
granites. 

Some 40 miles north-west from Simla, 
in Mandi State, S. K. Roy has noted folded 
dolomitic limestones, which he suggests 
may be Ivrol in age, resting partly on 
Kainozoic rocks and partly on slate and 
volcanic rocks of pre-Kainozoic age.-'^ He 
suggests that those limestones are ‘ klippe ’ 
of older rock resting on younger rocks, 
their roots being found in Kulu some 16 to 
20 miles further east. 

As regards the age of the thrusting, 
Auden has pointed out that the Krol thrust 
near Kalsi brings the pre-Tertiary rocks to 
rest upon Nahans. The thrust must there- 
fore be of Upper Miocene or later age. As 
bearing upon this same question, interest- 
ing evidence has very recently been brought 
forward (but not yet published) by II. M. 
Lahiri, working between Ualagarh and 
Anandpur, that is along the edge of the 
foothills nearly due west of Simla. Over a 
distance of about one and a half miles 
Lahiri has found Dagshai beds (Miocene) 
resting horizontally or with a slight south- 
westerly dip on the top of boulder conglo- 
merates belonging to the Older Alluvium 
(Pleistocene). It seems clear that the 
Dagshai beds must have been thrust over 
the younger boulder conglomerates, and 
the thrusting must have taken place in 
late Pleistocene or very recent times. 

One of the most remarkable features about 
these Simla series — Krol series set of rocks 
is tire complete absence of fossils in tliem, 
making it difficult to determine the age of 
the rocks. The Blaini beds with their 
supposed glacial boulder bed may reasona- 
bly be regarded as homotaxial with the 
Talchir boulder bed of Peninsular India, and 
therefore to be of Upper Carboniferous age, 
though the point is not beyond dispute. 
But beyond that little can be deduced. It 
may be asked, how is it that while the thick 
series of sedimentary rocks on the Tibetan 
side of the central axis are fossiliferous, and 
include rocks ranging in age from the Cam- 
brian to the Eocene, the sedimentary rocks 
on the southern side of the axis are com- 
pletely unfossil iferous, though they include 

2 3 Quart, Journ. Geol. Min. Met. Soc, Ind., 
1933 , 5 , 131 . 


rocks which must have been formed at the 
same time. The question is a difficult one 
to answer. It may be due partly to the fact 
that many of the limestones of the Simla 
area are dolomitised, during which process 
the fossils may have been destroyed. But 
there are many other rocks such as slates 
and shales, suitable for the preservation of 
fossils, which have undergone little or no 
alteration. Yet so far not even the trace 
of a fossil has been found in the pre- 
Tertiary rocks. It is possible that during 
the long period of time during which 
deposition was proceeding, the sea over 
the Simla area was separated from the 
northern . sea or Tethys by high land 
over what is now the central axis of the 
Himalaya. And it may be that the physi- 
cal conditions of this southern sea were 
unfavourable to the presence of abundant 
life. That this may have been so is evident 
from the shallow water nature of many of 
the rocks, from the evidence which they 
provide of having been formed under 
unhealthy conditions, and from the fact that 
desert conditions may have prevailed over 
the adjacent land areas, as suggested by 
Auden. Between the Simla hills and Spiti 
tliere occurs the broad belt of the crystal- 
line schists and gneisses forming tlie central 
axis of the Himalaya, so that continuous 
mapping of the limestone-slate series from 
one area to the other is impossible. Atten- 
tion, however, may be drawn to the fact 
that further north-west, to the south-east of 
Chamba, judging from our scanty knowledge 
of the geology as represented on the 32 miles 
to the inch geological map, this dividing 
belt of crystalline schists is for a short dis- 
tance very thin. It may be that we have 
in this locality the opportunity of corre- 
lating the unmetamorpliosed sedimentary 
rocks of the two belts. Farther north-west, 
towards Kashmir, there occurs a mingling of 
these northern and southern seas, and fossils 
begin to appear. But the exact age of the 
rocks in the Simla area will not certainly be 
known until fossils have been found in them, 
or until continuous mapping has been 
completed between Simla and Kashmir or 
between Simla and the Chamba to Spiti 
section. 

Comparison between Simla and Kashmir. 

Comparing broadly the structure of this 
section of the Himalaya with the Kashmir 
area in the light of recent work, it seems 

Rec, Geol. Surv. Ind.-^ 1929 , 62 , 168 . 
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that the sedimentary rocks of the Krol belt 
correspond to Wadia’s autochthonous zone 
in Kashmir; while the Jutogh and Chail 
series and the gneissose-granite correspond 
to Wadia's nappe zone. Auden’s Krol 
thrust corresponds in position to Wadia’s 
Murree thrust, and Pilgrim and West’s 
Jiitogh thrust (or possibly their Chail 
thrust) to Wadia’s Panjal thrust. The 
chief difference between the two areas is 
that whereas in Kashmir several basins of 
fossiliferous sedimentary rocks are found 
resting in synclines on top of the Kashmir 
nappe, in the Simla hills-Spiti area nothing 
similar is seen until one reaches Spiti on 
the north side of the central axis. It is 
possible that such rocks once occurred 
further south than Spiti but have since 
been denuded away or have been so meta- 
morphosed as to be now unrecognisable. 

Eastern Himalaya. 

Proceeding further south-east along the 
range, it has to be regretted that little 
advance has been made of recent years in 
our knowledge of the geology of this portion. 
So long ago as 1875 H. B. Medlicott publish- 
ed a note on the geology of Nepal, which 
was based on observations made during a 
journey along the main road to Khat- 
mandu, and from there north-west up to 
Nayakot,'*^^ During this journey Medlicott 
found in a limestone on the crest of the 
Chandragiri pass ‘ some small facets of 
spar having a central puncture, and which 
I took to be crinoidal; but Dr. Waagen 
would not say positively that they were so 
Quite recently both Sutton Bowman and 
Auden have procured better specimens 
from the same locality, and there is now no 
doubt about their being fossils. They have 
been examined by Lahiri, who has identified 
them as cystids together with the brachiopod 
orthis. The interest of this discovery will 
be realised when it is remembered that this 
is the first discovery of cystids anywhere in 
the Himalayan area, these fossils having 
previously been found only in the Burma 
province. The rocks in which they occur 
must therefore be of Lower Palaeozoic age, 
though it still remains to correlate them 
with rocks in adjacent tracts. 

As already mentioned, Auden has made 
traverses recently in Eastern Nepal. As a 
result of this work he has been able to 
demonstrate with certainty the continuation 
westwards from Darjeeling of the Darjeeling 


gneiss and the Baling series. As no 
above, he regards the two as belonging to 
same series, but differently affected 
metamorphism. Amongst the Tertiary ro 
along the southern border of the hills 
found Middle and Upper Siwaliks dipp 
northwards beneath Nahan or Lower Siwi 
rocks. There must clearly be a thrust ph 
separating these two groups, Avhile 
Tertiary rocks as a whole are sejmrated fi 
the pre-Tertiary by another thrust, ir 
manner similar to that found in the Sin 
Mussoorie area. 

The Mount Everest Area. 

In 1921 Dr. A. M. ITeron accompanied 
Mount Everest Eeconnaissance Expediti 
and examined an area of over 8,000 sqr 
miles around the Arun river and its tribr 
ries, to the north and east of Everest.'^*- T 
is a continuation westwards of the conn 
surveyed by Hayden in 1903-4. The a 
examined by Heron is divided by him i 
a northern or Tibetan zone, comprising 
thick series of highly folded Jurassic ro< 
containing narrow synclines of Cretace 
and Eocene ; and a southern or Himala; 
zone, in which Everest lies, consisting 
foliated biotite-gneisses full of dykes : 
sills of tourmaline-granite and pegmat 
Between these two zones there lies an in' 
mediate zone of metamorphosed sediment 
rocks, regarded by Heron as metarnorpho 
rocks of the Tibetan zone. These rocks h 
a northward dip, so that the gneisses j 
upwards into the metamorphic rocks, i 
the latter upwards into the Jurassic ro< 
The metamorphosed sedimentary rocks 
elude crystalline limestones, and actinol 
and epidote* schists. Ascending northward 
the succession the metamorphism decrea 
and fossil Spirifer and Productus were foi 
by Heron in the limestone. These rocks 
turn pass up into the unmetamorpho 
Jurassic rocks. The metamorphic rocks 
therefore regarded by Heron as Permian 
Triassic in age. According to L. E. Wa; 
who accompanied the last Mount Evej 
expedition in 1933, these metamorphic ro 
include an upper series of quartzites j 
shales containing a brachiopod fauna 
probable Lower Permian age, underlain 
a limestone about 2,000 feet thick, wl: 
forms the summit of Mount Everest, j 
which is probably either Permo-Oarbe 
ferous or Carboniferous in age.^^ This 


30 Op . cit , 1875,8, 93, 


31 Op . ciL . 1923, 54, 215. 

32 Nature , 1933, 132 , 976. 
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turn is underlain by a pelitic series much 
injected by granite. As regards the Darjee- 
ling district, Wager suggests that theDaiing 
series are the equivalent of the Everest 
pelitic series, while he agrees with the large- j 
scale inversion suggested by Mallet. 

Before concluding this section reference 
must be made to a new edition of Burrard 


and Hayden’s A Sketch of the Geography 
and Geology of the Himalaya Mountains 
and Tihet^ first published in 1908. In the 
new edition, published this year, the part 
dealing with tlie geology has been brought 
up-to-date by Dr. A*. M. Heron, and it should 
be in the hands of every geologist interested 
in Indian geology. 


Cerebro-Spinal Meningitis. 

By Capt. P. Ganguli, 

Additional Fhyslcian^ Medical College, Calcutta. 


HiSTOllY. 

TN 1805, an epidemic of cerebro-spinal 
^ meningitis occurred in Geneva and 
Vieusseux was the first man to describe the 
disease. In 1806 and 1807, the disease 
was prevalent in the Prussian army. From 
1805 to 1830 it occurred in the United 
States of America and gradually spread from 
east to west. France was next attacked in 
1837' and the disease spent its force in 1874. 
From 1854 to 1874, the disease occurred both 
in Europe and in America. From 1875 till 
now, the disease has spread throughout 
Europe and America and many places of 
Asia. 

The present Indian epidemic started in 
the beginning of 1932 in Calcutta, when 
nearly 40 cases were admitted to the 
Calcutta Medical College within a month. 
Subsequently all the cases were admitted to 
the Campbell Medical School. The disease 
continued in its sporadic form and has now 
spread throughout Northern India. 

Epidemiology, 

Age . — Children are more susceptible to 
the disease than adults. In the Danzig 
epidemic, 93 per cent, were under 5 years of 
age. In Calcutta, however, the disease is 
particularly prevalent . amongst adults. 
Majority of the cases among children were 
of chronic character. 

Sex . — In Calcutta, more males were 
attacked than females. As fatigue, chill 
and overcrowding are predisposing factors, 
the adults are more liable to infection than 
others. The purdah system is responsible for 
keeping the women indoors. The incidence is 
therefore less among the women. In certain 
cases, however, where women were exposed 
to overcrowding, the disease attacked them 
as well. 


Example.— S. female came from a moffnssil to 
Calcutta for the aiiti-rabic treatment of lier son. 
She liad to attend the crowded out-door of the 
Pasteur Institute in the School of Tropical Medicine 
and Hygiene, and ten days after, she contracted 
cerebro-spinal meningitis and died within three 
days of the attack. 

The congregation of individuals in meet- 
ings, cinema houses, markets, big railway 
stations, third class compartments, and such 
like are favourable to the formation of 
multiple foci and spread of the disease. In 
well-equipped jails, barracks and schools of 
Calcutta, however, no cases have been 
reported. One case was reported from 
Dumdum jail amongst detenues. According 
to Major Malaya not a single case has been 
reported from the Calcutta police lines with 
a population of six thousand. 

The lowered vitality of the population 
owing to depressed economical condition 
must be one of the factors. Bad sanitary 
conditions of the Northern part of Calcutta 
was responsible for the larger incidence of 
the disease in that part of the city. The 
disease is nob, however, highly contagious 
and is not spread by clothing. 

Season . — In the case of the European epi- 
demics, the incidence is usually very high in 
winter whereas in Calcutta, in 1932, the 
highest incidence was recorded in the months 
of April and May. 20 per cent, of the cases 
gave history of exposure to mid-day sun. 

31ode of the spread of the disease . — Weigert 
found presence of purulent rhinitis in many 
cases of cerebro-spinal meningitis. The 
meningococci are also found in the nose 
of many healthy persons, who are the 
carriers of the disease. The habit of many 
people to blow out the secretions of their 
nose indiscriminately in rooms and streets is 
responsible for the dissemination of 
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meningococci. During and preceding epi- 
demics, tlie career rate rises from 2 to 4 per 
cept. normal to 20 to 30 per cent. 

■ ■fioutG of Infection. — The route of infection 
is tliroiigli the nasopharynx. The organism 
sets,:np rliinopliaryngitis, then the meningo- 
cocci infect the meninges directly from the 
nose. This is the view held by Nelter and 
Detere (1911). The other view is that it is 
a lueniatogenie infection. The meningo- 
cocci pass into the blood stream and are 
thereby carried to the meninges. This view 
is supported by the fact that in 25 per cent, 
of tlie cases, blood culture is positive. Esler, 
for example, reported that he recovered 
meningococci from the blood of 10 cases 
out of 41. Moreover, the organisms can be 
cultured from petechial spots just as B. 
typhosus can be recovered from roseolar 
rashes of the enteric fever. 

Bacteriology. 

It was in the year of 1887 that 
Weichselbaum of Vienna first discovered the 
organism which on account of its intra- 
cellular .character was named diplococcl 
iniraeellularis meningitidis. That the 
organism was the cause of the disease was 
proved by the fact that Weichselbaum was 
able to cause the death of rabbits by 
subdural injection of the organisms into the 
skull and he recovered the cocci from culture 
of cerebro-spinal fluid of experimentally 
infected rabbits. Intra-pleural and intra- 
thecal injections of the organisms caused 
death of guinea-pigs in 1 to 3 days. In dogs, 
subdural injections caused leptomeningitis 
with acute encephalitis and death occurred 
within 12 days. 

In 1905, Von Lingelsham produced the 
disease in monkeys. In 1907, Flexner 
made experiments with Macacns rhesus 
which died within 18 hours to 4 days 
preceded by general convulsions. In post- 
mortem examinations, leptomeningitis, 
encephalitis, abscesses, haemorrhages into 
pia-mater were found. 

Serological Glassification. — The English 
workers recognise four types (I, II, III, IV) 
as serologically determined by Gordon. 
The Eockefeller Institute recognises two 
types as determined by .Dopter, viz., meningo- 
cocci and parameningococci. Dopter further 
subdivided parameningococci in a, ^ and y 
varieties respectively, l^icolle. Debains 
an^ijjionan divided meningococci into types 
Ai B;, C and D. These types were differen- 
tj§;tedj^ ^according to the predominance of 


different, antigenic contents, viz., A, B, C 
and D. In type I, A predominates. 
Similarly, in types II, III and IV, B, C and 
D predominate. These antigenic contents 
are not equally balanced. This can be 
illustrated by the following scheme : — 

Gordon’s I and 111 strains correspond to Nicolle, 
Debain and Jonan’s type A. 

Gordon’s II and LV strains correspond to 
Nicolle, Debain and Jonan’s type B. 

Dopter’s meningococcus corresponds to Nicolle, 
Debain and Jonan’s type A. 

Dopter’s parameningococcus a corresponds to 
Nicolle, Debain and Jonan’s type B. 

Dopter’s parameningococcus P corresponds to 
Nicolle, Debain and Jonan’s type B or C. 

Dopter’s parameningococcus y corresponds to 
Nicolle, Debain and Jonan’s type D. 

Causes of Sporadic Occurrences. — Meningo- 
cocci carriers are not uncommon. The 
germs inhabit the nasopharynx. They are 
usually non- virulent in non-epidemic times 
but certain strains of the cocci are sufficiently 
virulent to attack very young children who 
lack defensive forces and are susceptible. 
Hence we have cerebro-spinal fever occur- 
ring sporadically amongst us. 

Morbid Anatomy. — The meninges are 
actually congested and fibro-purulent exu- 
dation collect between dura and pia mater. 
In acute cases, the whole cortex is covered 
with thick pus. The cord is also involved 
and covered with purulent exudate, which is 
distributed more in the dorsal and lumbar 
regions than the cervical regions. 

Microscopically, the exudate is full 
of polymorphonuclear cells, containing 
meningococci. These leucocytes are closely 
packed in fibrinous material. 

Diagnosis. 

Clinical Diagnosis. — Besides Kernig’s and 
Brudzinisky's signs, the disease can be 
clinically diagnosed mainly by the sudden 
onset of fever, pain, stiffness, rigidity and 
retraction of the muscles of the neck, pains 
in the back, orthotonus, tremor and head- 
ache. In severe cases, the patient becomes 
delirious and unconscious. In children, 
clonic spasms are frequent, and in a few 
adults, both clonic and tonic spasms are 
sometimes manifested. Herpes is common 
due to affection of the posterior ganglion. 
The pupils are usually contracted and some- 
times unequal. Strabismus is not un- 
common. 

Classification of the Disease. — (1) In the 
beginning of the epidemic, foudryant or 
malignant forms are common. There is 
sudden rise of temperature which, however, 
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is not very liigh, but malaise, lassitude, 
stupor, low condition, feeble pulse and such 
other symptoms all indicate the seriousness 
of the disease. There is usually the appear- 
ance of rash, petechial, purpuric and some- 
times this resembles the Malaccan smallpox. 
The patient quickly becomes unconscious 
and death occurs in 5 to 24 hours. 

(2) The ordinary form has already been 
described. 

(3) In the chronic form, the fever is 
persistent for two to six months and is 
characterised by a series of ups and downs. 
In favourable cases the temperature gradually 
comes down, spasms become less and less 
manifest and consciousness returns. Various 
complications may, however, arise in this 
condition. They are hydrocephalus, abcess 
of the brain, pneumonia, pleurisy, peri- 
carditis, parotitis, polyarthritis, persistent 
headache and such like. 

(4) Some cases occur as abortive forms, 
in which the onset is like that of acute 
cerebro-spinal fever, but the symptoms 
suddenly subside and the patient recovers 
quickly. 

Other Varieties of Cerebro- Spinal Menin- 
gitis, — Besides meningococci which invade 
meninges in sporadic and epidemic forms, 
there are other organisms which may cause 
cerebro-spinal meningitis. They are pneumo- 
cocci, streptococci, tubercle bacilli, influenza 
bacilli, bacilli typhosus including (para A 
and B), plague bacilli, virus of mumps and 
such others. 

The pneumococcal meningitis is invariably 
fatal. A few cases have recently been 
reported to have recovered after exhibition of 
Felton’s serum. It occurs more commonly 
in children than in adults. 

The streptococcal meningitis is usually an 
extension of septic infection from middle 
ear disease and perforated wounds of the 
skull. The streptococci are usually of 
hsernolytic type. The disease is usually fatal. 

The tubercular form is usually common in 
children and is practically always fatal. 

The influenza bacilli can cause meningitis. 
The bacilli are found in long thread-like 
forms in cerebro-spinal fluid. They resemble 
Pfeiffer’s bacilli but differ in exhibiting a 
high pathogenicity. . Intra-peritonial injec- 
tion of these bacilli into guinea-pigs and 
rabbits is followed by purulent effusion into 
serous cavities. According to Bender, 
influenzal meningitis is fatal in 91 per cent, 
in children and 44 per cent, in adults. 


The meningitis which occur as complication 
of tjphoid or paratyphoid fevers is fatal in 
50 per cent, of the cases. The cerebro-spinal 
fluid is clear or turbid but seldom purulent 
like that of meningococcal meningitis. 

Laboratory Diagnosis. — The blood exami- 
nation shows polymorphonuclear leucocytosis 
with increased stabkernige and younger 
forms. Traces of albumin are present in 
the urine. The most important method of 
laboratory diagnosis is the examination of 
cerebro-spinal fluid got from lumbar or 
cisternal puncture. The fluid is centrifuged 
and the sediment is spread over a slide, 
stained by Gram’s iodine and counterstained 
by carbolfuchsin. The meningococci are 
gram-negative diplococci usually found 
within the polymorphonuclear cells which 
are abundantly increased. In cerebro-spinal 
meningitis, the polynuclears predominate, 
in tubercular meningitis the lymphocytes are 
most abundant. The coccal organisms are 
gram-positive in streptococcal and pneumo- 
coccal meningitis. These gram-positive 
organisms can be easily differentiated by 
morphological appearances and their dis- 
position. The cerebrospinal fluid of tuber- 
cular meningitis shows reduction of both 
sugar and chlorides. The normal amount of 
sugar in cerebro-spinal fluid is 45 to 95 mg. 
and of chlorides is 720 to 750 mg. per 100 
c.c. In tubercular meningitis, the estimation 
of chlorides is very important for prognostic 
purposes, especially in children. Ordinarily 
the amount of chlorides is reduced to 650 or 
680 mg. but in children 580 to 500 mg. 
may be reached. The globulin is increased 
even in early stages. 

For determining whether globulin is 
increased or not, either Boss Tone’s test or 
Pandy’s test may be done. In Boss Tone’s 
test ■ a distinct white ring of globulin is 
formed at the junction of saturated solution 
of ammonium sulphate and cerebro-spinal 
fluid in a test tube. In Pandy’s test, if a drop 
of cerebro-spinal fluid is put in a saturated 
solution of carbolic acid, a smoke-like white 
cloud is formed instead of faint opalescence 
as with normal cerebro-spinal fluid. 

For final diagnosis of tubercular meningitis 
inoculation of guinea-pigs is confirmative. 

Vincent and BelloV s Precipitin Test. — Half 
a c.c. of antirneningococcal serum is added 
to 5 — 10 c.c. of cerebro-spinal fluid and 
kept in an incubator at 37'^F. for 12 hours. A 
turbidity is developed if the patient is suffer-, 
ing from cerebro-spinal meningitis. 
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i Culture.— Thh is the surest way of dia- 
gnosis. One c.c. of cerebro-spinal fluid is 
spread over two or three plates of ascitic 
agar or Gordon’s trypagar. Colonies are 
formed within two days. The cocci are 
suspended in normal saline. A small 
quantity of this emulsion suspension is 
treated with each type serum in water bath 
for 4 liours at 55°C. If agglutination occurs 
against a particular type serum, the 
meningococci belongs to that group. 

• Agglutination Test of Blood Serum. — The 
test is positive only in 50 per cent, of cases. 
The agglutinins are not formed in markedly 
toxaemic cases. According to Symmeris and 
Wilson, the serum of cerebro-spinal meningi- 
tis occasionally agglutinated B. typhosus and 
B. coll even in high dilutions. 

Naso- pharyngeal Culture. — The organisms 
live in the posterior nasopharynx. The 
smear should be collected with West’s swab, 
which is a bent wire applicator with a 
sterile cotton tip put within a bent glass 
tube, so that the cotton tip can be protruded 
or retracted at will. This tube is introduced 
into the nose and when it has passed the 
soft palate, the cotton swab is pushed out 
so as to get the material from the naso- 
pharynx and is at once smeared on ascitic or 
serum agar. The smear from the naso- 
pharyngeal region can also be examined on a 
glass slide but it has to be differentiated 
from micrococcus catarrhalis. The meningo- 
cocci are usually found within tlie poly- 
morphonuclear cells but they may be 
extracellular. They may be easily differen- 
tiated after culture. 

Autolysis. — Occasionally, the cerebro-spinal 
fluid is full of pus cells but no meningococci 
can be detected in them nor is the culture 
positive. Ill these cases, the meningococci 
have undergone autolysis. The streptococci 
and pneumococci do not undergo any such 
autolysis. Hence if the cerebro-spinal fluid 
contains abundance of pus cells, yet no 
meningococci, the case is almost surely 
meningococcic meningitis. 

Prognosis and End Results. — During irrita- 
tive stages, the pupil remains contracted and 
deep jerks become exaggerated. The dilata- 
tion of the pupils and disappearance of the 
jerks indicate impending death. Oedema of 
the lungs is always of bad prognosis. * 

Prophylaxis.— The disease is notifiable. 
Cases should be isolated at once. The con- 
tacts should liave gargles of thymol solution 
or salt solution. The nasopharynx can be 
reached by means of intranasal sprays of 


chloretone inhalent, mistol, hexyl resorcinol, 
or they can be applied by bent camel hair 
brush through the opening of the mouth. It 
has been found, however, that all these 
methods of local disinfection are valueless. 
Even prophylactic treatment with immune 
serum has not got any definite value. 

During an epidemic, 20 to 30 per cent, of 
healthy persons carry meningococci in their 
nasopharynx. In congregation and over- 
crowding, the infection may spread from 
carriers to healthy people. It is necessary to 
stop meetings, cinema and theatrical shows 
unless the houses are air-conditioned and 
adequately ventilated. In barracks and 
jails, systematic examination of nasopharynx 
should be done and carriers isolated in a 
separate block. The spacings between cots 
should be increased and strict supervision of 
sanitary measures should be undertaken. 

V accination. — Vaccination is quickly 
followed by production of antibodies in the 
system and is certainly effective so far as 
prophylaxis is concerned. The carriers dp 
not usually get the disease. The medical 
practitioners, nurses and hospital attendants 
seldom get the disease. The English naval 
statistics Indicate that the disease almost 
always develops in those who have previously 
shown negative cultures from nasopharyn- 
geal smears. This is an additional factor to 
support that carriers develop antibodies in 
their system to some extent, but they may 
get the disease if they are exposed to resist- 
ance reducing factors, like exposure to chill, 
cold, excessive fatigue and such like. These 
carriers are vastly more common in winter 
than in summer. 

Tueatmknt. 

The patient should be kept quiet ; all 
causes of irritation should be removed. 
Special attention is to be directed against 
bed sores. The hair should be clipped or 
shaved ; icebag sliould be applied to the 
head. Water should be given freely. 

As the patient usually suffers from con- 
stipation, 5 grains of calomel should be • 
given in the evening followed by saline 
purge next morning. Later, daily enema 
of soap and water in which two tea spoonfuls 
of castor oil or an ounce of olive oil is 
mixed, should be given. . 

For severe headache, general pains and 
vomiting, morphia has been frequently 
used. It quietens the restlessness and 
irritability, relieves pain and vomiting and 
procures sleep. Dr. Koplik is, however, of 
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opinion tluUi niorpliia is liarmfnl. Every 
om^ is, how(‘V(n’, about tlie elficacy 

of hunba,!' [)nn(‘-taire, 'wliicli j*elieves lieadaelie 
))y redu('in^:»’ Mi(‘. pressure on duramaUn-. 
The eliinin;itiion of toxins with ecrebro- spinal 
llnid will (*.aus(^ subsidence of irritation of 
vomitin.e; ecuit.rc^.. If tliese symptoms ai-e 
not i‘eli(‘V(Ml ]>y lumbar pnnetui’o, (hdoral 
Jiydraio and bromide, Um o:rains eaeli, 
should b(‘ ti'i(‘d ixh’om^ <»'ivin.i? morphia. 

lljfdropatlijf. — IIo(; balhs a.r(‘. very sootliini)^, 
and, if possihh'. sliould b(‘ i^iven (‘.very 
d houi's. It. will tb(‘. I;em[)era.t.ui*(^ and 

som<h im(‘.s in<ln(‘(‘s sU‘.<‘p. 

'riirrajiif . — Joelumuin first intro- 
du(*(‘d t-his f>r(‘a.trinmt. In '1907 and 19()S, 
Klexmu* aaid rl{)})lini^ prepared sera from 
^>:oa,t, h()rs(‘, ra.bbif- and ^uinea-]>ie:. Out of 
b-htl pa.t/ienf.s (rc^ad'.ed witli serum, 891 
r(‘e.ov(‘r(‘d aiiid 100 died. Tlie mortaUty was 
tlms r(‘du('.(Ml from 71- to 30 per (nmt. Tlie 
earlier tli(‘, s(‘rum was given, the l)etter 
was th(‘- r(‘sulfi. The leucocytes which 
increa.S(*d to ahout. forty thousand, fell to 
norma, 1 within a, W(‘(dv after S(‘.rum trea-tment. 
Pus (‘ells b(‘(‘a.m(^ fcnvei* and the cen'bro- 
si)ina,l fluid Ix'ca.nu'! less turbid. Anotlnn* 
siii’iking f(‘a.l ur(‘ wa.s tliat the (‘.omi)lie.ations 
W(‘r(‘. I(sss(m(‘d by stuaiin thoi'a,py. Tln^ usmil 
con vpli<*at ions in tdiose epidimiics wer(‘. 
iridoc.yc.litis, f)ain()phbhalmitis, d(‘,afn(iss du(‘. 
to int,(‘rna,l (‘ar discuisc, pleurisy, peri(*.a,rditis, 
endoea-rditis, airthroj^athies, insanity and 
others. 

The mode of pn^paration of serum vari(xl 
in dirfer(mt, (*.oun trims. There is no laho- 
ra,l,()ry m(‘d.hod by wliieli, therapeuti(*. power 
nniy b(‘ cornad.ly d(dau‘min(*d. 8om(‘, rely 
on coin plivinil Ji.ratio'H. test, some on opsonin 
coidamt, som(‘ on prolecUve power. (Jordon 
relies on (vnli-cudoloxre power. Riviere and 
.Roux prof)os(‘d a< prrrljyllln test. 

Th(^ failure of scnnirn in many liands is 
due to i>r(‘pa-ra,tion from different strains. 
In t!i(‘. y(‘a.r 193il, out of 43 patients admitted 
into the M(Mlica,l Uoll(^^(i Hospitals, (3alc-utta, 
only thi(U‘ survivaal altliougli ev(iryone was 
tr(‘a,t(‘d with for(‘ign bi’and serum. A gioat 
nuijorit-y of th<‘S(‘ (uiscs were foudryant or 
nia.lignaait; forms ; no imfu*ossion was rnani- 
f(‘st.(‘d by (‘.xhibition of thos<‘, sera. It was 
umhu’stood tlnit th(‘. failure was due to sera 
obtaiiKMl from diffcuamt strains of American 
and Europ(‘a,n meningococci. Failing to 
get any good r(‘sult from foreign brand sei’a 
I sent some cultures and ccrebro-spinal fluids 
of my patients to Dr. B. B. Sen of Bengal 
Immunity Co., requesting him to find out 


th(‘. type of meningoeocei and also to 
prepa]*(‘. the serum from tlie local strjiiiis 
isolated from my patients. He brought 
mat(U‘ials not only from m(‘. bid; a, Iso- from 
the Cami)])ell Hospita,!, Ua,leutta, where 
special ai'.eommodation for tre:d:ing meningi- 
tis ca,ses vva,s suhsecpnmtly (‘.reated. Out of 25 
samph's (*.oll(‘.(*,ted by liim, one contained 
str(‘.[)t()(*.o(*.(‘,i and another pmuimococci ; from 
the r(‘.st (d(weii strains of meningoeocei were 
isola,t(xi. Niue W(‘.re found to con‘(‘spoud to 
(loi’don’s tyf)(‘ IV a,nd two t,o type O,. That 
is to say, at th(‘. hiiginning of tdu^ year 1932, 
the pr(‘va,iling oi‘ga,nism. of the epidemic 
were of (Jordon’s II a.nd IV types, wliich 
wen^ the same, as Nicol, Debaun. a.nd floiianhs 
jS-type or Dopter’s pa,ramening()cocciis a-typc. 
Next yeai*, reseda, rcli work(u*s of the Bengal 
Olunuical Works took up tlie investigation. 
Out of 150 samples of cerebro-spiual fluid, 120 
showed meningoeocei. It wa,s found that 
in none of the samples type If or IV were 
detected. All of tlucn sliowixl either 
(Jordon’s type I or type III which were the 
same as Doplier’s typical meningoeocei and 
NicoTs, Debaun’s and donan’s type A. It is, 
tli(‘refore, (‘.vidernt tha-t the types may vai*y 
in (Uniu'ent (d>idemi(‘.s in Idie saittui place in 
dilTovont yonrs. 

Ill the la, t ter f)a.rt of the y(‘.a,r 1932, several 
morecaKS(^s w(u*(^ trea,ti‘d by mo. In all of them 
locally maiiufa,cturcd S(vra, w(vre used. The 
rcisult wa,s v(‘.ry sa,tisfa,ctory, as 5 of tliem 
.r(u*,()V(vrcd, a,nd 2 (IicmI, giving a mortality 
of 39 pm* c,ent. In tli(‘, y(‘.a,r 1933, t,Iie rt‘sults 
w(‘.r(‘, still m()r(‘. sal,isfa(*4;()ry. 15 cases W(‘,r(‘. 
trca.ted with sera, manufacturcMl in (kihaitta, 
botli intra,tih(‘,c.a,lly a,nd iiitra-vcmously and no 
less filian .13 surviv(‘.d a,iid the mor(;a,lity was 
II -3 p(w cent. All th(‘.si^ ])a,ti(mts also leeeiv- 
(xl S(dieriiig’s ui'otropin, intravenously 
every day as a routines m(v<i,sure. 

J)oso of Serum, — Th(‘, <| iia,ntity of serum to 
be given intratluvcally varies in differeut in- 
dividuals and depends on how mucih c-orebro- 
spinal llnid is withdrawn. On no ac- 
count S(U‘um should be introduciMl in (Quantity 
laa'ger than tlie a,in()unt t,ak(‘.n up. Home- 
times, tli(‘- <‘.er(d)r<)-spinal fluid comes out 
under gr(‘a,t pressure a.nd evem aft(u* 109 c.c. 
have pa,ssed out, the rate of flow still re- 
mains ov(‘,r ()() drops per minute. In these eases 
it has been advised to draw out fluid in two 
or three instalments of (>0 c.c. each, and 
give intra,th(ically 20 c.c. of tlic serum. On 
the other hand, Stitt recommends that the 
cerebro-spinal buid should be drained out 
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tiil 4- or 5 drops come out in a minute. Per- 
sonally I have not seen any untoward result 
by draining up large quantities ol cerebrO' 
spinal fluid. In my cases when the rate of 
flow becomes less tlian 30 per minute, I 
raise the head and the shoulders a little, 
with the result that it flows out more quickly 
and then once the rate flow goes down below 
30, it quickly comes down to 9 or 10 per 
minute, when no more fluid is allowed to 
come out. 20 to 30 c.c. of serum is then 
introduced slowly with the head brought 
down to level position. After this, the head 
and the shoulders are kept low, and the 
pelves raised. At the same time 60 to SO c.c. of 
serum is given intravenously. The intra- 
venous medication is more urgently indicated 
if meningococci are found in blood culture. 
In 1918 Herrie recommended this combined 
method of medication. The total amount 
of serum for every individual was an 
average 100 c.c. intrathecally and 400-600 
c.c. intravenously. In Herrie’s experience 
the mortality where serum was given 
intrathecally was 31 per cent, but by com- 
bined intravenous and intrathecal methods 
the mortality was 14-8 only. My own 
experience was entirely corroborative of 
Herrie’s. 

Cisternal Route . — In some cases, where 
there was arrest of clinical improvement due 
to the impairment of communication between 
ventricular and spinal fluids, cisternal punc- 
ture was done and serum introduced by 
this route. Lenkowicz found that the 
spinal fluid became thick owing to the 
increase of protein contents. He found that 
communication of ventricular and spinal 
fluid was arrested when the protein contents 
of spinal fluid becomes more than 5 times 
that of ventricular fluid. In such cases, 
where lumber route gives a dry puncture, 
cisternal puncture should be done. Vast 
numbers of cases were treated by this route 
in the Campbell Medical School of Calcutta 
with success. 

Serum Meningitis . — In two cases, patients 
were seen to relapse after 10 or 12 days of 
apparent improvement and became delirious 
comatose again. The temperatures, which 


were normal, shot up again to 101° or 102°. 
Both these cases complained of joint pains 
and itching sensations all over their bodies. 
This led me to suspect serum meningitis in 
which urticaria is generally present. But 
the dark complexion of these patients per- 
haps masked these appearances in their skin. 
Injection of adrenalin and calcium gluconate 
quickly restored the temperature to normal 
and the patients gradually recovered. 

In cases of doubt, lumber puncture sliould 
be done. In serum meningitis, the fluid is 
usually clear and the poly-morphous cells do 
not show meningococci. There is increased 
albumen but glucose is not diminished as in 
tubercular meningitis which shows a relapse 
of these bad signs after apparent improve- 
ment. 

Value of y aecines . — There is no doubt that 
those cases which show tendency to become 
chronic are quickly benefited by exhibition 
of vaccine. The antibodies are rapidly deve- 
loped. Taylor is of opinion, however, that 
the antibodies do not pass into the cerebro- 
spinal fluid. 

Value of Rexamin . — Osier recommends 30 
to 50 grains of hexamin daily as prophylactic 
measure. In all my cases, urotropine was 
given as a routine measure, both per os 
and intravenously. Dr. P. Banerjee of 
Plowrah got excellent results with cylotro- 
pine in five cases. 

Value of Mercuroclirome. — 0*1 per cent, 
solution of mercurochrome was tried intra- 
thecally with doubtful results. 

Complications . — Eespiratory disturbances 
may appear in some cases, which are best 
treated with Tr. Ephedra or adrenalin. 
In a few cases arthropathies develop for 
which serum may be injected into the joints. 
I would strongly recommend vaccine in 
these cases. 

Conclusions. — (1) Besides general hygienic 
measures, prophylaxis by means of vaccine 
may be attempted. 

(2) Serum should be given both intrathe- 
cally and intravenously. 

(3) Local brands of serum are strongly 
recommended. 
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Obituary. 

Prof. Willem de Sitter (1872-1934). 


W E regret to record the death of Prof. 

Willem de Sitter, one of the leading 
astronomers of the present time. He was 
born on the 6th May 1872, prosecuted his 
University studies at Groningen and worked 
in the astronomical laboratory there till 1896. 
Later he was appointed Professor of Astro- 
nomy at Leyden, a famous place for its old 
astronomical laboratory and then became the 
director of the laboratory in the year 1918. 
In the years 1917-1918 he contributed three 
papers to the Monthly Notices of the Royal 
Astronomical Society expounding the then 
new theory of gravitation and introducing 
his conception of the Universe, the de 


Sitter Universe His researches were the 
nuclei of furtlier work in cosmology but he 
was the man who discovered a universe and 
forgot about it ”. For about ten years after, 
he devoted liimself to the reorganisation of 
the laboratory at Leyden. In 1931, he was 
invited to deliver the Lowell lectures on 
‘^Cosmology''* at Boston. 

His last paper was ‘Un the foundations of 
the theory of relativity, with special refer- 
ence to the expanding universe ” published 
in the last November issue of Froc. Kon. 
AJcad. Wet. He died on November 19 and 
in him the astronomical world has lost an 
eminent scientist. 


Science and Crime. 


^HE prospect of a reorganisation of the 
police force lends point to the necessity, 
emphasised by Mr, H. T. F. Ehodes in a 
recent paper before the International Faculty 
of Sciences, for a strengthening of the 
scientific branch of the criminal investigation 
department. Criminals are becoming more 
and more trained scientists, with a know- 
ledge of many of the things that can be 
or have been discovered by research, and 
crime detection therefore tends to become 
increasingly a matter of chemical and physi- 
cal analysis. There is no reason why a body 
of chemists and physicists attached to the 
police and permanently engaged in police 
work should not become so expert as to 
rival the legendary Sherlock Holmes in the 
ingenuity of their methods. In the provinces 
as well as the Metropolis there is an 
increasing recognition of the need for 
scientific methods; for example, since Mr. 
Ehodes read his paper, we notice that the 
latest scientific appliances for the prevention 
and detection of crime have been included 
in the equipment of the new police head- 
quarters at Newcastle-on-Tyne. 


The chemist is a professional detective 
in his daily work, and in the realm of crime 
detection he may be relied upon to apply 
himself to his investigations with the same 
impartiality as lie displays in his own 
laboratory. There is no need to divide the 
‘•technical police’' into two departments, 
one for the prosecution and one for the 
defence, as has been suggested in some 
quarters, for the wliole department, like 
the police force itself, should be quite 
capable of sifting the evidence without fear 
or favour and submitting it to the tribunal 
which has to decide the issue. x\ll that is 
necessary is to ensure that the scientific 
police are recruited with the utmost care. 
The personnel must not be chosen from the 
young and inexperienced but from those 
who have achieved some eminence in 
scientific investigation. We commend this 
aspect of the matter to the attention of the 
official bodies, the Institute of Chemistry, 
the Institute of Physics and the British 
Association of Chemists. 
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Letters to the Editor. 


Seismometric Study of the North Bihar 
Earthquake of January 15, 1934 
and its Aftershocks. 

In a note on The Focal Eegion of the 
North Bihar Earthquake of January 15, 
1934 ”, published in the last May issue 
of Current Bcience^'^ it was pointed out 

that the phases P, P, P and S, S, S were 
identifiable on the records of the Indian 
seismic stations lying * within an epicentral 


distant stations as Bombay (A — lOlOkms.)? 
Medan (A =2877 kms.), Batavia (A =4255 
kms.) and Amboina (A =5617 kms.). As 
far as the present writer is aware the phase 
P has not been detected on the seismograms 
of any previous earthquake shocks at epi- 
central distances greater than 1000 kms. If 
the author’s reading of the seismograms of 
the great North Bihar Earthquake is correct, 
the observation of P to a distance of at 
least about 6000 kms. would be an 



Fig. 1. Jan. 15, 1934. 

Evicenire: Lat. 20°36'N., Long. 80° 12'E. 

Origin Time: 81^ 43^165 (Gr.M.T.) (eP). 


distance of about 1000 kms. Since then it 
has been possible to obtain and study the 
original seismograms of some Indian stations 
and also photostat copies of records from 
the neighbouring extra-Indian stations 
within a distance of 6000 kms. I£ may be 
of interest to note that the phase P appears 
to be identifiable on the seismograms of such 


useful addition to the existing knowledge 
of the time-distance curve of this seismic 
phase. Another interesting feature of the 
1 seismograms of the great shock is that 
the incidence of the primary wave with 
definite big impetus (iP) was preceded by 
j emergent small tremors (eP) of a few seconds’ 

^ duration. The phases eP and iP are seen 
i clearly on all the available records. This 
I character of the P-incidence has also been 


1 Curr. ScL, 1934, 2, 419. 
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nol-wl in(l(^pen(U‘iit,ly in l;li« UibuliUion.s of 
t',h(' shock by sucli (Ii,s(,n,nti s(;a,t.ions iis (lonjj- 
kons, Nanking iuid Kow. Th(>. duraf.ion of 
(;hc rorc-nimiinjr (.rcinors is wiUiiii (i 1,0 
y seconds a.(, dilTorcid; stada’ons, aaid may Ix' 
reprdod u,s c.onsi.aiit a.l; a.ll disUiiices. ‘d'liis 
Scdsmof;ni|)hic oI)s('rva.(.ion may b(‘ (‘xplaancd 
by suiiposinji: (dia,(. f he major' railurc wliich 
led (,o Mki <!;i’ca.(, s!iO(dv wms prcc<‘dcd by a. 
minor raaliirc by a.boii(, (I f.o S si'conds. Tb(‘ 
e.[)iceid.raJ re,<,doii of (.b(> f-'iaail. slioid; of 
.laaumry 15 is loca.lcd nc,a,r Ual,. I'li-li" N. a, mi 
IjOiij^. Sli-ll" 10. wil.li oi'ijLrin l.imc of (d’ a.s S li. 
■1.5 m. I(i .s. (i.M.'l'. l.im(‘-d islaucc* ciirvc.s 

of Mie i)ha„ses P, P, 'P, S. is, S of f.Iic },n-ca.(. 
shock ol danuary 1,5 a.ri' j^ivem in 1. 

Simila.r curve's ha.vee a.lso Ix'cn obiaiiH'd for 
the aft.(M'.slioc.ks of d-anuary 1() and 1!) (Ki^!^- 
2 and .'5). Tlie iive'rasc vldoc.ildcs (a) of t.lxe 



Fig. 2. J;.n. 16, 1<).34. 

1 C plri^nirr : lid" 11? 'N., IS'/O. 

(h'luin Tnnc: -I*’ T)!)*” (l»). 


lon^nt udiiial wiivass and tli<)S(* (/i) of (.lu^ 
dislorlional wa.v(‘s ('a.l<*ulat,(‘({ from Mi(‘, 
H(d.sini(‘. <ia.la. of I iu'. Nortli liiliar slKX'kn nw.: 

a "-< 10'"’ 1 ()■*’ 

((k(i.S^) ((!.(}. S.) 
Upper layer ((iraiiiUe) (I.>) 3* 17 (S) 

Intenn(‘<liai(‘. la.y(‘r » 

(Hasallie) (MM (P) 3-72 (S) 

Lower layer (UK.ra-basie) 7-78 (P' l-^i; («) 


The bnlk-modulus K corresponding i.o (die 
above velocilrie.s are ; 

K/P- r-(tt-- ;';39 X l()'"’C.(i.S. 
Upp(M'la.yer .. I 1-0 ,, 

Tn(,e,rm(',dia,(,e hiyei' .. 20-5 

Lower layeer .. .'ili-.d 

Thesee valix'S of bulk-modulus when compar- 
<■<1 wildi tiu' la,bora,(,ory d(‘(,erminaildons of 



Fig. 3. Jan. 19, 1934. 
Hpiccnlrc. : 2(P I2'N., 85" HU'P'. 

Orvjln. 'rime. : I Kl> 5()>'' ‘ia. (I>). 


(dasf.ic, const, ants of Obsidian, (Jranite, 
Diorite, Hasalts, Dunite, (de., a,t probadile 
temp(‘.ratur('S and iireessun's at the, dilTeu'ont 
la.y(U'S may throw some light on the. eonsl.i- 
lution- of the outeu- crust of the earth in 
iiihar. An (extiajiolation of the time- 

distanci'. mirves of P, 'p, T>, 18, S, Tf to the 
origin show that the a,[)par(mt <l(day in sta.rt 

of P with respect to vS is .S-.'l ,sec.s., tha,t of P 

with respect to P is 1 -5 si'.cs., a,nd tha,t of 
x- 

r wilih re.sp(‘e.li 1,0 V iw 2 s(x*,h. I^''roin Mie fon^- 
^i:oin»* da.U the focail deptli of the North 
.I^iluir vShoekrS ivS (ail eai lasted.'’ to. be about Id 
knus. Th(‘ tb l(*.kn(‘ss of the upi)(M‘ hiy(0’ 
CiStiuiated to he .Id - 7 kins., and tliat of tiie 
internuuliate hiycu* a,8 22-2 kiUH. 'fhe foe.al 
deptli and the tlu(dvn(‘.S 8 of th<b upper layer 
sug^u‘st tliat tlio major failui-e l(^a,ding to tluj 

“ Tlir. ICarlh, by .lolTpcys, p]). 10M()2. 

'* Loa. rU., pp. 97-US, 
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disastrous earthquake of January 15 occurred 
near tlie boundary of the upper and inter- 
mediate layer of the earth’s crust. A 
detailed seismometric study of the North 
Bihar shocks will be publislicd elsewhere. 

S. C. Eoy. 

Colaba Observatory, 

BombU/y, 

Decemher .28, 


Renoflavin and Vitamin 

Since we obtained renollavin from ox-kidney 
extracts,^ we have been examining its vita- 
min B^-potency by observing its growth- 
promoting elTect, at different stages of 
purili cation of the flavin, on rats maintained 
on a Vitamin ..B ’’-dehcient diet, supple- 
mented by a preparation of vitamins B^ and 
B^, obtained from yeast according to Peters’ 
method. It has been found that fairly 
concentrated fractions of the pigment are 
unable to promote good growth even in 
doses considerably larger than the effective 
dose, reported by Kuhn. In the quest of a 
possible missing factor we have found that 
the rate of growth could be very appreciably 
enhanced by supplementing relatively small 
doses of the flavin concentrates with the 
filtrate, left after adsorption of the ox-kidney 
extract wntli Fuller’s earth, wdiich we had 
previously heated at pH 9*0 for half an 
hour in an autoclave at one atmosphere 
pressure in order to destroy traces of vita- 
mins B^, and the flavin. This would 
indicate an apparent complexity of what is 
regarded as vitamin Bo and would show 
that one of the factors involved, other than 
the flavin, is a relatively heat- and alkali- 
stable substance. 

B. C. Guha. 

H. G. Biswas. 

Biochemical Laboratory, 

Bengal Chemical & Pharmaceutical 
Works, Ltd., Calcutta, 

Novemler 28, 1934, 


The Occurrence of Iscetes in India. 

So far only one species of Ismtes {I. 
coromandelina Jj.) has been reported to be 
found in India. It grows very commonly 
on the Coromandel Coast ; Fyson collected 
it from Madras and Kashyap from near 
Seven Pagodas (Madras), as has been record- 
ed by Pfeiffer.- Another place from where 

1 Ouha and Biswas, Curr. Sci., 19r?4. 2, 474. 

2 Pfeiffer, N. E., ^'Monosrraph of the Isoetacece,'' 
Ann. Miss. Bot, Gard., 1922, 9. 


it has been collected is Serampore in Bengal 
and that was by Griffith, as stated by 
Prain.^ Ekambaram and VenkatanathaiP 
have also referred to only these two places. 
It would, therefore, be of some interest to 
record that the writer collected a species of 
the plant on the 14th October, 1930, from a 
shallow pond about a mile or so away from 
the Benares Hindu University grounds. 
Subsequently more places were found where 
it grew. Collections have been made from 
time to time from various localities, and it 
has been ascertained that this plant grows 
very abundantly within a radius of ten 
miles or so from this University. 

The Benares species resembles I. coroman- 
delina in practically all respects except that 
the former has got the preponderance of 
four-lobed stocks which character has been 
described by Pfeiffer to be a rarity. 

Y. Bharadwa.ta. 

Department of Botany, 

Benares Hindu University, 

December 1, 1934, 

A Preliminary Note on the Occurrence of Liane 

Type of Structure in the Stem and Root of 

Thylacospermum rupifragrum, Schrenk. 

Thylacospermum rupifragrnm., Schrenk. is a 
plant of the elevated and arid regions of 
Western Tibet and is characterised by an 
extremely compact cushion habit. Its 
young stems and roots possess the usual 
structure characteristic of dicotyledons ; 
the primary organisation and early secon- 
dary growth are of the normal type — the 
normal or primary cambium developing 
bast on its outside and wood on its inside 
in a uniform manner. During later stages 
of development of both the stem and root 
some cells of wood parenchyma assume 
meristematic activity and so constitute 
strips of secondary cambium on the inside 
of the normal vascular cylinder. The 
secondary cambial strips develop xylem 
on the side facing the xylem formed from 
the primary cambium and phloem on the 
side removed from it. Sooner or later 
vascular tissue resulting from the activity 
of the different strips becomes distinct from 
the original vascular tissue by crushing the 


3 Prain, D., “The Vepjetation of the Difitriebs of 
Hushly— Howrah and tlie 24-Pergunnahs,” Eec, 
Bot. Surv, Znd., 190S, 3. 

^ Ekambaram, T., and Venkatanathan, T. N., 
“Studies on Jsootes coromandelina L.,” Journ, Ind, 
Boi. Soc., 1933, 12. 
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surrounding cells. Thus internal vascular 
strands carrying on their independent 
growth are differentiated. With the con- 
tinued growth of the axis and without the 
cessation of the activity of the normal 
cambium more and more strips of secondary 
cambium appear in the rest of the xylem 
. formed from the primary and secondary 
cambiums. The continued growtdi of the 
wood parenchyma ultimately splits the 
vascular cylinder into numerous irregular 
strands in a manner similar to that found 
in many lianes, e.g., Bauliinia, etc. ''I his 
type of structure is generally considered 
to be correlated with the habit of lianes, 
but here it is found in just a reverse type of 
plant — a species with a very stunted stem. 

Peak ASH Chandra Joshi. 

Botany Department, 

University of the Punjab, 

Lahore, 

January 2, 1935. 


A Note on the Occurrence of a Smut on 
Two Indian Belagincllas. 

The occurrence of a fungous disease on the 
Peteridophytes is a comparatively rare 
phenomenon. In October, 1932, we collected 
two species of Selaginella, 8. clirysocanlos Spr. 
and 8 . ehrysorrhizos Spr,, from Eajpur and 
Mussoorie respectively. On an examination 
of the material we found the presence of 
dark brown irregular patches on the leaves 
and stems of both the species. The fungus 
was at once identified as one of the Ustila- 
ginales, but there was some difficulty in the 
generic determination. On referring to the 
previous literature on the subject we found 
that Mr. T. C. N. SinglP had already report- 
ed the occurrence of a species of Eniyloma (f ) 
on 8. eJirysocaulos, the material of which had 
been collected by Dr. B. Salmi while on his 
way back from Mussoorie to the Plains. 
Prom an examination of some of this 
material, kindly sent to us by Prof. Salmi, 
we think that the two forms are identical. 
The identification of the genus is still a 
matter of some doubt and will probably 
remain so till the spores have been germi- 
nated, but judging from the sorus and spore 
morphology it bears greater resemblance to 
Melanoimnium than to Eniyloma. One of 
the differences mentioned between the two 


^ Sino'h, T. C. N., A note on the occurrence 
of a smut on Sf-laciyiellrt chrysocaulos,^' New 
PhytoL, 1930,29, 294-296. 


genera is the presence of highly coloured to 
brownish spores in Eniyloma. while those of 
Melanatmnium are of a distinctly darker 
shade.- As reported by Singh, hyphae are 
not of frequent occurrence, but in our 
material (some of wdiich had younger sori) 
we often came across the more or less finger- 
like haustoria present in the cells of the 
host. 

In conclusion, we wish to offer our sincere 
thanks to Dr. E. J. Butler, of the Imperial 
Mycological Institute, Kew, for having 
given us the benefit of his advice with regard 
to the identification of the fungus. 

P. Maheshwari. 

ViSHWAMBHAR PURI. 

Agra College, 

Agra, 

Eecemher 27 ^ 193-1. 


A Virescent-White Mutation in Rice. 


In the early strain of Kolamba, K 79, a 
seedling with white leaves was discovered 
last season. As the seedling displayed 
unique appearance it was potted off and 
reared carefully. Periodic examination of 
the growth of the seedling showed that the 
new leaves were invariably devoid of chloro- 
phyll presenting whitisli appearance, but 
very gradually changing to greenish colour, 
the colour developing from tip downward. 
The seedling was normal in fertility. 

During the current season about 400 seed- 
lings of the white mutant were raised and all 
of them were like the original plant. In 
due course a number of seedlings of the 
mutant and the normal parent strain were 
transplanted in the field for agronomic com- 
parison. The results are as below : 


Character 


Mean No. of clays 
to flower from 
sowing 


Mean height of 
plants 
cm. 


K 79 


90-96±0-30 


118-58 + 1-28 


Matant 


95-66±0*62 


82-25±2*90 


j 

Character 

Mean Panicle 

No. of 

Mean yield 


length cm. 

tillers 

per plant gm. 

K 79 

28-75±0-32 

5-83±0-18 

19-04±0-76 

Mutant 

19-46±0-78 

2-50±0-25 

2-51±0-34 


2 Clements and Shear, The Genera of Fungi, 
New York, 1931 , 
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It will be seen that the virescent- white 
plants are inferior to K 79 in panicle length, 
height, number of tillers and in yield, al- 
though they are late by about live days. 
Tlie differences ii\ all cases are highly signi- 
ficant. The slow growth of the virescent- 
white plants is due to very slow rate of 
chlorophyll formation. Colourmetric readings 
show that the mutant plants have about 
66 per cent, chlorophyll compared to 
K 79. 


The writer is not aware of any previous 
report of this type of chlorophyll mutation 
in rice, although albino, yellow and striped 
chlorophyll mutations have been reported. 

The new type has been crossed with the 
parent K 79 to determine the mode of 
inheritance. 

B. S. Kadam. 

Eice Breeding Station, 

Karjat, Kolaba, 

November 1934. 


On the Increase of Mutation Frequency following Inter-Specific 
Hybridization in Nicotimia. 

By Prof. Dontcho Kostoff, 

Institute of Genetics ^ Academy of Sciences of U.S.S.E., Leningrad. 


E hybrids produced between Nicoiiana 
Sander ue (n=9) with certain other far 
related Nicoiiana species often formed some 
white stripes in the flowers. Every year 
for the last eigli^t years I raised N. Saiulerce 
with various flower colours (whitish, pink, 
red, and the like, of the various intensities 
of red-violet colours), and have seen this 
species growing in many gardens, but 
only three times have 1 seen the kind of 
stripings as those observed in some of its 
El hybrids. 

The red flowering N. Tdbaeus var. sangui- 
ncoe — behaves in some crosses like 
N . Sanderce. It has blood-red flowers. 

In the crosses of the red flowering 
N. Sanderce and N. Tabacum with the 
white flowering species [N. alata {n=9). 
N. sylvesLris {n =^12), N. suaveolens {71^16) , 
N. noetifloo'a (^=12), N. Tabacum alba 
(n=--24), etc.] and with greenish-yellowish 
flowering ones [N. rustica (9^=^24), N. pani- 
culata (n— 12), N. Langsdorffii (^i~9), N. 
glauca {7i=12)]^ red behaves like a domi- 
nant, in some combinations, however, 
incomplete dominance occurs too. 

The stripings that appear on the Fi 
hybrids usually affect single flowers. They 
appear with one or more than one white 
stripe on the red or pink background, or 
with pink stripes on a red background. 
The size of the affected areas vary very 
greatly. The largest white area I found 
was about 1 sq. cm. covering about 1/6 of 
the whole corolla (five petals), while the 
smallest ones represent only a small group 
of several cells. Sometimes we found red 
spats or stripes (reverse mutations) in the 


region of the white ones. Some flowers 
have only one stripe, while others have 
more than sixty (Fig. L). The more detailed 
observations made on several hybrids are 


Fig. 1. 

Striped flowers from a hybrid N. noctiflora X 
M. Sandcrac. 

summarised in Table I. Other hybrids are 
not studied in detail. 

It should be mentioned here that 
N. Sanderce plants are often heterozygous 
and some of the F^ hybrids, where Sanderce 
participates, differ to a certain extent. 
Different genotypes of N. Sanderce do not 
show the same degree of variegations. The 
most striking results were produced in some 
of the crosses between N. noctiflora (from 
the Harvard University, syn. N. Gavanilesii) 
and red flowering N. Sanderce. Drawings of 
two extreme types are given in Fig. 1. We 
have the impression that the older hybrids 
have many more striped flowers, and the 
affected areas are much greater in the older 
hybrids than in the younger ones. 

The stripings of the hybrid N. Tabacum 
var. sangumece x N. alata (white flowering) 
usually represent pink stripes on the red 
(reddish.) background. But it was found- 
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n. sliouhi I)(^ uoI.imI h<‘n‘ tlia-t. sjxmuoh 
hybrids producial ffoin wiiil.i^ flo\v<'trin^ 
H|)(‘(d(*s, foi’UKMl only whi|-<^ llowcuvs (jY. 
Tabaruui alba x Ax aUila, N. Tabarum alba 
>: A', sylrcslrls, N. noclijlom X alaia, N. 
sua real CHS X A', alata). 

Sp(‘.ci(‘s hybrids of N . Taharwnh pro<luc(Ml 
wit h ra,r-r(‘la-t.(‘d sixM'it^H lik(‘ A^ alala and 
iV. l^aHilrrac show s(,riping (ina,ny of tiuun, 
but not, a.ll of t.lnun), whih^ thos(‘, fiiodinuxl 
with closely ndadixl s])(x*.i(‘S, like N. 
sylrcslris (A\ 'rahacaui saiujuinav. X N. 
sijlvcslrls) do not. show a.ny st,rif)in<>^s. At; 
l('.a.st, I liavi*. not; obs(U‘V(‘d such. It; should 
1)<‘ a,dd(‘d h(U‘(*. l.ha,l. Ax siflvcslrls is very 
cJosidy ndat.c.d t.o N', 'VabacuHa ; tlnua^ are 
(‘vid(uic.(‘s t.]ia.t it. has parti(di)at.(‘d iu the 
ori^^in of Ax TahacHon. 

N. TabncuHi <'.rosses <‘a,sily witli many 
va.rieties of A. rustica (^j^riuMiish-yidU) wisii 
tiowers) but no varii^^i^ations were observed 
in thc! Fj {rusUca X Tahacum.) hybri<ls. 
Tho latter <u’oss easily with the parental 


plants (Koshdr, Ihdt))' and from such ba.ck. 
c.ross(\s t.rifiloids a.nd (‘.hroinosoina.l aJxu-raiUt.s 
<\,vo jiroduced, whiU^ t,h(^ hybrids N, I'ahacnm 
X N , alala. N, TabacUHi. x Y. AVfj/dcyvc, 
a.nd N. rasiica x JY. Xuv/dern* ca.nnot. b(‘, 
crossed ba.c.k <u‘th(‘.r t.o th(^ f)a.riMit,a.l [ila.nts 
or to soni(‘ ot.lnu’ t.hird sf)e(‘-icss, a.nd a, 11 t.lu'.se 
tiirei^ liybrids firodiuuMl strifXMl llowiu’S. 

N. /SV/.Mdc;Yc hybrids do not form stripixi 
llowix’s wluMi t.lie ot/Inu’ c.onipoiHuil. sfxxu'i^s 
a.r<^ (*ios(‘.ly T’ehi.t.ixl t.o Y. iSaH-dcnc., a.s for 
(‘-xaanphs in U\o c.rossivs N. Sandenc X N, 
alaUi, N. Saadcrai X Y. haH-gsdorlJll, Y, 
Ha)idcr(c X N . loayi.flam (-a vIO), N, Yavdenr. 
X Y. plH(Hnba{jenlf(>Ua ('a (d.c.., whih^ 

t.h(^ hybrids iroiu t.Iu'i ra.r-relait.ixl s[xx‘.i(‘s : 
Y. riisUca x Ah Handrnc, Y. PanlcnUila 
X N. Yamlcrw^ N . h.ocUJIoi a> x Y. Yavdera*, 
(d.e., do form strijxxl (lowers. Tlie (irst two 
hybrids a.ri'i lully fiu’tih^, tlu^ ui‘xl; two a^re 
partially ((uhiilo when erossixl ba.ck t.o 


^ * Ivcst.oU:, Dontc-lu), ‘‘ Oato^tmy, (h'n(h'i(‘s jvnd 
(hytology of Nicoila.aa hf/bndsX' ' (rCHc/lca, jP30, 

12, 33 -ISO. > ^ 
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Sandem, while the last three are sterile. 
Only a single plant was produced after 
numerous back-crosses {N, noctiflora X 
Sanclercu) X alata, and it was a triploid one 
with 30 somatic chromosomes (12 + 9+9). 
A transitional hybrid seems to represent 
glatica x Sander w in this respect. Only 
a few times we have seen single stripes on 
the flowers of hybrids of these two species. 
When the Fj (glauca X Sanderce) is crossed 
back to N. Sanderce or to N. Langsdorffii, 
hybrids are produced with difficulties. 

The appearance ol the white stripes on 
the species hybrid cannot be due to a loss of 
chromosome or chromosomes, because reverse 
changes from white to red occur too, and the 
normal chromosome numbers, characteristic 
for the hybrids, were counted in the pollen 
mother cells of F^. 

It should be noted here that stripings 
reported above on the species hybrids cannot 
be identified or mixed up with the variega- 
tions or stripings often caused by virus 
diseases. The cases here reported were ob- 
served on healthy plants. We have often 
observed variegations and stripings on the 
flowers of some of the red flowering segre- 
gates of N. triplex (the triple fertile hybrid, 


Tabacum x sylvestris X Eiisbyi), caused by 
mosaic disease. But they differ in the 
appearance and the kind of distribution of 
the colour. 

The observations here reported show that 
the dominant genes for colour in some 
species hybrids produced from relatively far- 
related species changes to their recessive 
allelomorphs (white) more often in the 
species hybrids than in the pure species. 
Eeverse changes (mutations) occur, too, 
with relatively great frequency, i.e., muta- 
tions from the recessive to the dominant 
type. The hybridization seems to produce 
new internal conditions in certain cross 
combinations, where a “^stable"’ gene 
behaves like a mutable” one (compare the 
mutable genes in Delphinium described by 
Denierec, 1931).- 

The hybrids represent a new system in 
which the mutation rate proceeds with a 
different frequency from that in the original 
species. The same may be true for the 
species originating from hybridization, 
especially for the amphidiploid ones. The 
author is indebted to Dr. H. J. Muller for 
criticism and to N. Dogadkina for making 
the drawing.’ 


Ecological Studies of Pink Bollworm {Platyedrs gossypiella, Saunders).'*' 

By M. Afzal Husain, m.a. (Cantab.), i.A.s., M. Ilaroon Khan, n.sc. (London), a.r.c.s., 

and Nazir Ahmad, m.sc. 

Entomological Laboratories, Ly allpur, Punjab. 


Pink Bollwmrm — a cosmopolitan pest 
of cotton — shows in the Punjab a peculiar 
variation in the density of its population. 
In the south-eastern, sub-montane and the 
central regions of the province it is so abun- 
dant as to be regarded a ‘ major pest’, while 
in the Canal Colonies and the western 
districts — the main cotton-growing tracts — 
it is not a +est’ and is, in fact, scarce. Evi- 
dently, therefoie. an abundant supply of its 
favourite food — the cotton crop —is not the 
only factor which determines the density of 
its population. 

During the last few years an attempt has 
been made to analyse the factors which 
influence the incidence of this p,est, in the 
Punjab. It has been determined that at 
Eohtak, situated in the south-eastern 

Thc^ researches carried out are bein" financed 
by the Indian Central Cotton Committee. The 
• generosity of the Committee is gratefully acknow- 
ledged. 


Punjab — a region of high incidence — the 
number of eggs laid by P. gassy piella, \mdiex 
natural conditions, throughout the period 
of its activity, is much higher than at 
Lyallpur, situated in the Canal Colonies— a 
region of low incidence. Tims at Eohtak 
during July, when tlie attack normally 
starts, the average number of eggs laid per 
female, based on the figures of threes years 
(1931-33), varied from 13 to 49, while at 
Lyallpur this number varied between 2 and 
7 only. The maximum number of eggs laid 
by a female was 326 at Eohtak and only 75 
at Lyallpur. Later in the season too, during 
August, September and October, the average 
oviposition at Eohtak varied between 30 and 
89, and at Lyallpur between 3 and 61 (only 
once in three years it went to Gl, otherwise 
it was never above 40). 

- Demeroc, M., “ Behaviour of two mutable 

genes of Bflphinium Ajacls,'' Jour. Genet., 1931, 
24, 179-198. 
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UndiM’ (‘X (‘.oiulil-ioihs il; has ixuMi 
(\st.al>lisli(xl Idnit- t.(‘i]i)i|)(‘raitiir(‘, on t.lH‘ 

pui)a‘ a.ud tiu‘ a.(luUs, la,r^ 2 :(dy (l(d.(M‘min(‘s 
till*. 0 ^ 1 !;'- la, yin^’ of tlu‘st‘, inotlis. It lais ixani 
(Udun'iniiUMl t,lr<il' opiiinuin t(anj>iM‘a.t-ar(‘ 
for tl)o full ([(uadopimnit of tix'. ^'ona.ds a.nd 
tli(‘ ma-xiinnin d(‘positioii of (‘i**i^s ra.ni»'(‘s 
Ixd.waaai h\ Tims t lx^ moths <‘nx'.rii:ini^ 

rrom tli(‘ pupjr k(‘f>t at To ' t\— a. faA'oura.hh^ 
t,(‘iiip(‘faii]r<‘»^and (•xpos(‘(l to sa.nx* t<‘m- 
p(‘ra.t.in’<‘, <j;‘a.v<‘ on aii a.V(‘ra,i^(‘. hS (\i;'! 4 ‘s p(‘!' 
{■(‘imihs 1)111' I h(‘ mol.iis hr(‘d nnd<‘r similat* 
(‘ondit'ion of ( (‘nip(‘ra.t nr(‘ a-ad k(‘pt a.(. 95' h\ 
—an unfa.voin al)I(‘ l(Mnp(n’a.tiir(‘ on a.n 
a'V(M’a.ua‘ la.{<l only <)n tiu^ ot.lna- ha.nd, 

t.lio motlis (mna'^dnj^: from { lu^ pui>a‘ k(‘})t a.t 
9li'' F. ™~-an unra.voui'a.hh^ t(‘mp(‘ra.l.ur(^ --and 
(vxf)os(‘d to tlx* sa.m(‘ t.<‘mp(*ra.t.ur{‘., ha.rdiy 
hiid a.n and (‘\'(*n \vh<*n (*.x|x)S(*d to a. 
fa.vonrahlo t.<*mp(*ra.tnr(*-— 75" k\ ^’a-vi^ no 
ni()r(*. tlia.n 7 p{*r ['(‘inah*.. 

Kurt-Iu*r, it Ixis h(*(‘n found t-ha,t ov<*r S0‘;4 
of tlxb moths (auor'jjin*^: from tilx* pupa^ k(^p(. 
at a. t(‘nii)(*raftnr(^ of 9U" F. or ahova*, ha.V(* 
not t h(^ (*.a.pa'(dt y of f)ro(‘.r(‘a.tion. ''Plx*. ri'a.son 
for this is t Inil. t lx* nia.h‘s hr(‘d a.t' sixdi hii^'h 
t(‘mp(‘Ta,t ur(*s, althon.^'h o{.lx‘rvvis(‘ norma.l, 
a.r(^ d(*void of fully d(‘V(‘lof)(‘d s[>(*i*ms a.nd 
Ixaxu^ in(*a,f)a.hl(* of f(‘rl'ilisin^^ l lx*. r<‘mal(*s. 

ddx* inlluoixx* of hiimidit'y ha.s not Ix'im so 
thoroughly worked out., hut. t.lx*. r<*sults 
obtaiiu‘d show tha.t. it innu(‘n(*.(‘s ovif>osit,ion 
in much tlx* sa'im* wa.y U'S t.cmpx'rait.un*.. A 
Iii^di r(da.tiv(*. humidit.y, a.hout. 70-95%, ha.s 
])(a‘n found l,o lx*. V(*ry f;ivonra.hl<^ for t.lx^ 
d(‘,V(‘lopm(‘nt. of t.lx*. ^ij^ona.ds a.nd t.hc <l(*[)osi- 
t'ion of (‘^ij:s. 

On t'lx* basis of t in* r<*sult.s oht.a.in(‘d und<*r 
(‘.oiit'i’oll(*d coixiit.ions. a <*orr(*la.l.ion Ix‘t.wc(*.n 
tlx*, biotic. fX)t(‘nt.ia.l a.nd l.lx^ (‘ii vironnxmta,) 
r(‘sist.a,nc(*, /.c., b(‘t'W(*(*n t lx*, init.ia.1 (*.a.f)a.cit.y 
for incr(*a'S<^ in nunilx‘rs i)oss(‘ss(‘,d by this 
ins(*(‘.t. aixl t.lx* r(‘sis|.a,nc(* ojT(‘rcd by t(‘.mp<‘- 
ra, t.ur(‘ a.ixi liumidit.y, und<‘r na,t.ura.I condi- 
tions, has h(*(‘n (*st a.l)lislx*.d. A study of t-lx*. 
t.hr(*(‘. y(‘ars’ nx‘t<‘orolo^’i('a.l (hita. whi(di, 
unfort una.t.<‘ly, an* v(*i*y inc.omph*.t.(‘. for an 
(*c.olo<^i(*a.l in V(*st'i^a.t'ion, ha.s shown i.ha,t. 
oviposition wa.s hi;j:h(‘st' wlx*n t.lx* mca.n 
nuixiruum t.(*m}x*ra.t.ur(\ a.ctin^ on t.ho [)npa‘ 
a.nd t lx* a.dult s was about. 90" F., t lx*. m(‘an 
minimum 72" F. a, ml t.ho r<*la.t/iv<^ humi<Iity 
70^’ o or ov(‘r ati S hours. 

in pla.c.<*s wh(‘ro. tlx* incidences of a.tta.c.k is 
high, the tompera,turo and humidity, during 
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the main p(*riod of t.lx* aestivit.y of t.lxs jxsst." — 
July t:o Oc.tolxu* — a.pproxima.t.(‘. (*.los(*ly wit.h 
tlu)se. fa.voura,ble for i)ro(*.r(*a,tion. vvhih* in 
tlx5 Oanal (Joloniess a.nd t.lx*. w(*.st(*ru d isl.rici.s, 
whtsre tlx*, iiest is }>r(*s(sut. in insignilicaiUt 
nirmlxsrs, bof.h tlx* ma,ximum a.nd (lx*, mini- 
inum l.(smperait.ur(*s ares muedi higixsr a.nel t.lx* 
liumidit.y luue'h le)wesi‘. Tix‘se*. a.dvasrse* e*li- 
nia.tie*..e*.e)nditie)ns iix'.resa.se*. tlx* stie*rility of t.lxs 
iua.le‘.s on Idx*. one* ha.iid, anel int.e‘rr(‘.re‘- wit.h 
t.lx*. pi'e)e*.e‘ss eif esgg-Ia.y ing by t.hes fesma.less ein 
t.lx*. other, (.lxire*by limit. ing iix*.re*a.ses in 
iuiml)e‘rs. It. is neit., t.hesresfeire*. a,s e)ne‘. weiulel 
ima.gine*., only t.hreiugh tlx*. de‘s(;i'ue*.tie)u e)f 
the individuals beirn t.ha.t popula.tion is 
re*strie*,t(‘.d, but, pesrha.ps, tlx*, resst.riestion in 
tlx*, numbesi-s of tlx*, iixli vidua, Is jirexliiex'd is 
iue>re*. im})orta.nt. In ot.he*.r words, miture 
hessieless Ixsing 0*e*.el in teioth aiixl esla.w ’ a, Iso 
(X)ntre)ls birth. 

Tlx*, results eibtainesel a,ITord a. basis for 
forecasting the*, int.esnsit.y e>f Itink Ihillweirm 
jittaesk in a.ny [)a,rtie*,ula.r resgion. Te) be a,i)le 
to eh) se), he)we*vesr, t.ix* me‘,(,e‘eu’ologie*.al 
(‘.oiulit.iems eluring t.he*. emt.ton-grow ing seaisem 
juxl the*, t.inxs a.t whiesh the*, moths emerge 
freim t-lxs ‘ le)ng-e‘,y(‘ies /'.c., hibesrna.ting 
larva*, should be*, fully kixiwn. If the*, esmer- 
g-esix'.e*. e)f nxit.hs e*.e)iix*,ide*,s wit.h t.lxs fruit.ing of 
<*.e)t.te>n, a,nel thes edima,t.ie*, esond it.ious a, res 
fa.voura.hle Jor t.lxsir preiesresa.t.ion, t.he*n t.he 
pesst will bes sesrie)us, a.s is t.he esa.ses in Fgypt., 
Mexiese), dksxa.s a,nd t.hes Fnitesd Fre)ciix*.e‘s e)f 
Inelia,. If, on (.lies othesr haixl, tins esnusrgesnese*. 
eoinesiele'.s wit.h tlx*, fruit.ing eif eseit-t.em but (.he 
<dima.tie*, (sonditions ares un fa.voura.hle*., as a.t 
I ryd(*,ra.ba,d (Kiixl), the*. Fa.na.l Folemiess a.ixl 
t.Ixs Wesstesrn Funja.b, t,he‘n t.lxs jireigesny e)f 
this f)e*st. will be*, limit, esd in numbesrs a.nd it. 
will ne)t, heseseinxs sesriems, Ati Sura.t (Homba.y) 
a.nd Wa,d Meela.ni (Smla.n) whesre*. t.lxs esnxsr- 
g'esneses (,a,ke‘S plaese*. hesfeire* (,lxs fi’uit.ing of 
isot.ton anel nx)st. eif tilxs [ireigesny dessl.reiyesel 
ll)(*e*.a,uses food is not a, va,ila,l)les, t.lxs [mst 
<uuinot; bes serieuis. Lastly in Kenya,, K.a.lia.n 
{Soma.lila.mI Uiixl Ce)imba.t.e)res (Ma,eh’a,s), wixsres 
tins pest; re*ma,ins a,e*,(,ives t.hremglmut. (.lies yesa,r 
it will m>t bes sesrioiis bese‘.a,uses nxist. of it.s 
preigesuy wemld be*. ele*st.re)ye‘.d eluring l,lxs 
nomesottein sesa.sem whe*!! t.lx*. fexxl sip)[)ly is 
limite*el emly t.e) tins fesw a.U.e‘.rna.ti ve* heist 
plants. 

This short neite is e*.e)nt,ribute*el t.ei stimuhite 
ceologica,! ressesarch in t.his esemntry, a,s 
resesaredi on tlxsses Hness provieless a sure 
founelation for sedeuitihc pest ceintrol. 
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The Hyolaryngeal Apparatus of Pelobatidse. 

By L. S. Eamaswami, 

Deparlment of Zoology, University of Mysore, Central College, Bangalore. 


T HAVE j’ecently been examining the 
cranial anatomy of Pelobatince, Megalo- 
plirynce and Sooglossinm when through the 
courtesy of Dr. G. K. Noble, I came into 
possession of a male specimen of SeajpJiiopiis 
hammondii.'^' It appeared to me that an 
examination of the morphology of the 
larynx of this batracliian might reveal 
certain features not hitherto recorded, 
and this note gives a brief account of. the 
topographical relations of the different 
cartilaginous elements of the larynx of 
Scaphiopios with one another and with 
those of the hyoid apparatus. On referring 
to the available literature on the subject of 
the Anuran larynx, I find that G. A. 
Boulenger^ while giving a brief reference to 
the hyoid apparatus of Scaphiopns solU 
tarius in his paper on the anatomy of this 
anurous amphibian makes no allusion to the 
structure of the larynx. I have carefully 
examined the larynx of Seaphiopus hammon- 
dii sent to me by Noble, and I notice that 
the hyolaryngeal apparatus of this species 
differs from that of the other allied forms 
such as, S. holbroolcii,^ Pelobates fuscus," 
Megalo'phrys nasuia,'^ M. montana,'^ M. hassel- 
tii,^ M. fece,^ and M. bxtlgerif in material 
points. I am indebted to the authorities of 
Baffles Museum, Singapore and of the 
Indian Museum, Calcutta, for specimens of 
Megalophrys nasuta and Megalophrys major 
respectively which I have studied for 
purposes of comparison. I take this oppor- 
tunity of thanking Dr. Noble for his kind 
presentation of a specimen of 8. hammondii. 

The hyoid of 8 . hammondii offers certain 
points of anatomical interest and as Noble- 
makes no reference to this structure in his 


* Specimen from American Maseum of Natural 
History, N. Y., No. 19637. 

1 Boulenger, G. A., Proc, Zool. Soc. Land.. 
1899, 793. 

- Noble, G. K., The Bhlogy of the Amphibia, 
McGraw and Hill. New York and London, 1931. 

3 Parker, W. K., Phil. Trans. Roy. Soc. Bond 
ISSl, 172, 1. 

4 Beddard, F. E., Proc. Zool. Soc. Bond., 190’7, 
871. 

5 Beddard, P, E., Proc. Zool. Soc. Bond., 1911, 
393. 

® Frazier, M., Journ. Morph, and Physiol. Phil., 
1924, 39, 285. 



Fig. 1. 

Hyolaryngeal apparatus of S. hammondii X 3. 

c. a. Cricoid annulus. 

c. c. Cartilaginous connection between the cricoid 
annulus and the epiphysis of the posterior 
cornu. 

L. Portion of the lung. 

L. f. Foramen laterale. 

m. h. Membrane. 

V. c. Vocal cord. 

description of 8. holbroolcii, I am unable to 
compare the hyoid of these two species. 
The anterior processes of the hyoid in 
G. hammondii do not meet in the median 
line as in the case of Pelodytesf but staud 
well apart with a wide median space between 
the processes. In other respects the hyoid 
of 8 . hammondii conforms to the general 
plan of this structure in the species examined 
of the family Pelobatidce. If this apparatus 
of Pelobatince is compared with that of 
Megalophrynce, we notice that the presence 
of a conspicuous foramen laterale at once 
distinguishes the former from the latter. 
In this connection it may be remarked that 
the figure of the hyoid of Pelobales fuscus 
as given by Parker^ does not reveal the 
presence of a foramen laterale ; on the 
other hand Eidewood^ who has described the 
same structure prominently figures it. 
Finally, I may observe that Scaphiopus 


Bidewood, W. G., Proc. Zool. Soc, Bond., 
1897, 577. 
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IianDiKUKlii Mio oI.Ihm' n.lli(‘.il ijjoueni 

in Inivin^- :i nMliuuMi hyiiln and in tiic bony 
(‘.oruu l)(^a.rin^ a, fairly vvadl-dovadopod cartii- 
hi^^inoiis (‘.piphysivS. 

In a. r(‘(*(ni(, paper'^ on Idn^ Anm’a.n larynx, 
Miss Trowa/Va.s whiles d(‘S(aahino' (iho vo(*a.l 
or^i^a.ns of M ('(jalopJn'ns mhiusla <j:iv(‘.s a, 
n‘-vi(‘w of ( In^ i)r(‘vi(>iis work on 1-his sl.rmd.uia^ 
in tilu'. fa.inily Pt'loJxilUUv. SIi(‘ a-(ni(a'a.lis(‘s 
l,ha.r> ‘‘ Mi(‘. inosl, (*Inii’a,(*l.(‘!‘is(;i(* {‘(‘ailanu^ of t;ho 
la.rvnx is Ma^ incoinphd ( mk^ss inid-<l()rsa.lly of 
l,ii<M*ri(*oid I'inii'". Mor(M)V(‘r in IJuMiJa-joril.y 
of l.lu‘ anurous forms Ixdon^ij^ina' to t.liis 
fa.inily whi<‘h liaaav htum (h'.sorilxMl, t.In^ two 
(n.soplia.j;’(‘a.l proc(‘ss(as <^av<'n off from th(‘. 
(au'(lia>(‘ (uid of Mi<‘ crit'oids lia-V(‘! Ixam noti(‘.(al. 
In sorno sp(ad(ss, liow(‘-V(n\ suc.li a.s Pelohalrs 
fusens a.nd M cgalophnjs Iiassvllil^ tlio larynx 
is sliown by HlintuV*' a.n(l Hoddaird* ros- 
p('(*.tiv(ly wit, hunt th(‘.S(\ {n.sof)ha..i]:oal 
pi’ 0 (M\ss(‘S. KiirMun*, Nobh^ in bis book on 
'’‘T1 h 3. P>iolo^’y of th(‘. Ain[)hibiai" ]L 2 ;'iva^s a^ 
li^UK' of th(‘. larynx of P, holhrooktl (j). Kb)), 
and indicaK^s t.lu‘ pi’osoma^ of tlu‘so oiasopba;- 
^(^aJ pro(a‘ss(‘s but> <lo(‘S nol. nuMit.ion th(‘. s(‘-x 
of th(‘ a.ninuil {nv(^s(a^ 2 :a.t.(al by biin. From 
his liji:iir(‘ of S. Iinlbrocki i , t lu' (a'icoids (uin 
b(‘ ina.do out. to b(‘ in(‘ompl(d(\ l.hus 
(‘onforniiuiijf lo (dn^ <^(m(‘ra.lisa.(.ion of Trowavas 
a.llud(*d to a.b()V(‘, 

In t.h(‘ spiM'iimm of S. Iiauunondil cxiiinlw- 
(mI by ni<‘. tln^. birynx pr(*s(mtH c.ertaiu 
Htruct.ural fiaiiun^s wbic.h dinku- from tha.t of 
ot.lnu* (^xaanpbvs in vcsst.i^j^a.la'd by Ida*, provious 
workors. Inth(‘ (ii'sl. pluicta tin’s (‘.ri(‘.oids of 
aV. hammoudi} nnnd. mid-dorsuilly a.nd fus<^ 
to form a. (•ompl(‘t.(*- aamulus. A s<‘(*.ond point 
of (M|ua.l inf.(‘r(‘S(. is a,bs(m(u‘, of <n,sopIia> 
^(uil pi’oc{\ss(*s from aV. lianiuioHdi i wlnkdi 
oc(‘ur a.lmosf. a,s a. rui(^ in P. holbrookll, 
M, robn.sla. M. uasida, ill . nioulana, M. fnCj 
/If. btvlUjcri and f>ossibly a, Iso in Soof/losshuu. 
In this n(‘^j;’a.tiv(‘ f(‘a.tin‘(‘, P. luimvwndli 
r(\s(uubh\s Pf'lolxilcs fnsciis a.nd M . IiassrlliL 
In a.ddit.i()u t.o tlusso int.(M’<\st.in^jf (dia.ra.(‘.t.(n*is- 
t ics, S. hnmmondVi pri^scmts a. t. Idl'd b^.a-turo 
whi<di ha.s not. b(am not.i(*.(‘d by tlu‘- pr<‘,vious 
inv(‘sti]unitors in a.ny of t.In‘. i'(‘.la»t(Ml forttis 
st.udiiMl by t hmu (‘xcaqit. in PdubalvR fu-srusP 
This ndVrs to a, carldla.^i^inous jn'oeasss ^i von off 
from <‘.i(.h(‘r side, of tln^ (arrdiac*. (uid of (iriooi<l 
annulus which mo(d/S and fus(ss with tlio 
(‘piphysis of thci bony posterior cornu of the 

^ a> ‘win-as, K., Phil. Tt'Uis. Roji. Rnc. Lond., 
193 ‘>,222, Nts. K)1 . 

0 Bluiraa \V., Oifcn. M J t.hrh., 1030, 

65, 307. 


hyoid. With smdi atta.c.hmonts t.o the 
hyoid, tb(‘, birynx biaainuas ditlic.ult t.o bcs 
<l(‘ta.ohod. I should point, out tha,t in tdio 
(dosoly r(da,t(al sp(Hd(‘.s Ah holbrookll, t.h(‘S<^ 
(‘.omuad.ions haiV(‘. not. beam nof.icod by Nobh‘.“ 
Tln‘< (‘.art.iIa.^’inous rod (a)nn(Hd.in<>f t.ho (a'ic-oid 
wil.h t.hcs posr(M‘ior (‘oi'nii of the. hyoid ha.s 
1)0(01 nol.i(a‘d in spomdas of Riefo, Pseudo pain- 
dlcola, Oriophry udla a.nd Dcndrobalcs.^ 

I a.m una.bl(^ t.o sa.y wh{d.lu 3 r t.h(‘ prcasjmc.c! 
or a.bs(m(u^ of (nsoplnii^'icd pr<)(a‘sse.s of t.lie 
(*.ri(*.oid is a. si^xual f(‘.a.tur(^, for t.h(‘ (‘xa.mpb’i 
I ha.V(‘ inv(‘.stii,i!:a.l.(Ml is a. ma.U’) form. In tin’s 
fa.mily Ita.ni(be."' t.ln^ ‘‘spina. (nsopha.^C'.a’'' 
of (laupp 0(‘.(‘.urs only in. t.!n‘. fmna.U’s sp(M‘.i- 
nums a, ml the ma.l(^ (‘.xa.ni|)l(as a.r(\ usmilly 
devoid of tlnmi. Wlnm I dia^w tln^ a.tt(mti()u 
of Dr. Noble t.o tihe.S(^ nuirked (h’svia.tions of 
/S', hamm.oidil he wrote, to nn^ t.Iia,ii In^ will 
reinv(asti^>*ate the ma.te,ria.l and publish a 
compndnmsivcs a.(*.(‘.ount. of t.ln‘. aina.t.oniy of 
tlio S(‘.V(U‘a.l sp(ad(as of draphlopus. 

Iiega.rdini>' thes <e.sophaigeal pro(*.ess(as of 
th(‘ la.rynx, 1 lia.va’. t.o f)oint. out tha.t Megnlo- 
pfinjs Diajor | M . (jigas (»I(U‘don), M. viajor 
(PaOuDI t. hough, a.giaadng with t.lie other 
sp(a‘.i(‘.s of t.his g(mus in a.!! (ass(mtiia.l [loint.s 
of the hyola.ryngea.l a.ppa.ratus, dillku'S in 
this import.a.nt. pa.rt.ic.ula.r, viz., the oasopha- 



Fig. 2. 

The larynx of //e/dirv s’ //uzyee (c?) and 
a part of the hyoid apparatus. X 3. 

<K p. OesophiiiJical proiicss. 
p. I\)SL'.jrior l)t)iiy corau of tin* l»y >fd. 

g(‘.a.l pro(tess(vs hav(^ fus(Ml |)ost(UMorly so a.s 
to form a d(dinil.t‘, siMtombiry annulus. 

Miss Trewavas"^ summing up her observa- 
tions on the liyolaryngea.1 strimturo of 
Pelohatidm (p. 501) writes “a combination of 


Itam vsw vmi . L. S.. ff iipVe/rl • Jouni, Mys, 
Unin., l.)32, 6 , N >. 1 , 32. 
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the following three characters in this 
apparatus appears to be diagnostic of the 
family : arytenoid without apical cartilage ; 
cricoid ring incomplete dorsally ; hyalia 
more or less reduced.” I agree with her in 
regard to the first and the last features. 
From my examination of /Sh hammondii I 


should modify the second diagnostic feature 
and state thus: ‘^the cricoid ring is in- 
complete dorsally except in 8. hammondii 
(male).” It would be extremely interesting 
to examine both sexes of all the species of 
this genus and also the female form of 
/S. hammondii. 


Typhoons and Indian Weather. 

By V. Doraiswamy Iyer. 


I T was generally thought by early workers on 
Indian Meteorology that all storms in the Bay 
of Bengal were formed in the Bay itself. Three 
storms which entered the Bay of Bengal from the 
Gulf of Siam in the years 18S8 to 1897 led to a 
modification of this view at the beginning of this 
century. Two of tliese, the Port Blair cyclone 
(November 1S91) and the Chittagong cyclone 
(October 1897), were shown to be continuations of 
China Sea typhoons by the Rev. Father Algue of 
the Philippine Weather Bureau. During subse- 
quent years several storms were recognised to have 
entered the Bay of Bengal from the east, but no 
systematic attempt bad been made to trace them 
eastwards. The present writer look up this 
investigation in 1924, and owing to the exigencies 
of other duties the work was completed only 
recently. 

The "typhoons of the western North Pacific 
Ocean and the China Sea may be divided broadly 
into two classes, namely, (1) those that, after 
travelling some distance w^est wards, recurve either 
in the sea or near the coast of China to the north 
and north-east and travel towards Japan ; they 
would consequently liave no influence on Indian 
weather, (2) those which travel in a westerly 
direction throughout their path in tlie Pacific 
Ocean and the China Sea and cross the coast 
of South China or Indo-China. 

The typhoons of the second class recorded 
between the years 1881- and 1930 are 3{)7 in 
number ; they were examined with a view to find 
out how many of tliem had affected weather in 
India. It is well known that when a travelling 
cyclone crosses a mountain the cyclonic circula- 
tion up to the height of the mountain is cut off 
leaving a truncated cyclone in the upper air. This 
cyclonic circulation in tlie higher regions is 
transmitted to lower layers on the other side 
of tlie mountain, and if the air on that side has 
suitable conditions of temperature and humidity, 
the cyclone revives. Otherwise it dies. The 
process of revival, however, takes time and the 
cyclone becomes recognisable at the surface only 
after it has travelled some distance away from the 
mountain. 

The examination revealed that as many as 128 
.of the typhoons had definitely an influence on 
Indian weather. Some of them redeveloped into 
storms or depressions, while others were recognis- 
able only as low pressure waves associated with 
an increase of rainfall. 


* From the paper read at Colloquium at.Meteoro- 
logical Office, Poona, on 11th December, 1934. 


A monthly analysis showed that typhonns do 
not affect the weatlier in India in the first fivo 
months of tlie year. The few that do so in June 
are felt only in Burma and Assam. The el net' 
typhoon months are July to November. Duriu" 
July and August as well as in November about a 
third of the westward moving typhoons affect 
weather in India, while in Septemiber and October 
nearly 50 per cent, do so. Most of those that 
come over in the montlis September to November 
develop into storms or well-marked depressionH. 

Looked at from the aspect as to how’' ninny 
of the storms a.nd depressions that occur in the 
Bay of Bengal have a far eastern origin and nre 
the sequels of tyiohoons or depressions of the China 
Seas, we) find that the ratio of sucli storms to the 
total number in the Bay is one to nine in the 
months of July and August, one to four in Septem- 
ber, one to three in October and one to six in 
November. 

An examination of the tracks of the residual 
flows over the Indo-Chinese Peninsula with 
reference to the general circulation both at the 
surface and in the upper air indicates that they 
travel wfith the equatorial easterlies along the 
climatic front between the moist monsoon current 
fi'orn the soutli and the dry land winds from 
the north. 

In the months of July and August this front is 
near Lat. 25° N., as tlie strong monsoon current, 
4 to 5 Km. deep, flows as a soutlieiiy or soulh- 
westerly current up to this latitude; at greater 
heights the southerly current is replaced by the 
equatorial easterlies which also extend to about 
25°N. in these months. The typhoon tracks ovur 
the Indo-Chinese Peninsula lie betw'oen Lat. 20° 
and 25°N. With the commencement of the retreat 
of tire monsoon in September this front is displaced 
sontliwards and there is a corresponding di.=;plaee- 
ment of the belt of tracks of the typhoons over the 
Indo-Chinese Peninsula, which now lies between 
Lat. ]5°and22°N. 

The winter high over Asia develops in October 
and northerly wands extend further southwards, 
and push the fr:‘ont to lower latitudes. The belt of 
typhoon tracks over the Indo-Chinese Peninsula is 
also displaced firrther to the south and now lies 
between Lat. 10° and 20°N. With the intensifica- 
tion of the Asiatic High in November and the 
strengthening of the cold winds from the north 
the typhoon tracks in this month over the Indo- 
Chinese Peninsula lie between Lat. 15°and 10°N. 
The typhoons of October and November mostly 
recurve to the north and north-east in the east of 
the Bay ; they apparently travel with the upper 
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all* <*iUT(‘iil; within th<‘ first thi*i‘e kilometres and 
appc^'ir to be sha.Ho\V(‘r tiian the typhoons oT July 
and Auj>'ust». By l)('c(‘mbt‘r winter conditions 
b(‘(:om(^ esta,blish(‘d in southern Asia. a.nd no 
ty])hoon crosses t he. Indo-(Jii im'se Piminsula. ; ()C(‘.n.- 
sioTial OIK'S, htnvt'vt'i', tra.vel wc'.stwards Ca.rth<‘r 
soui.h in about Bat. S 'N. 

It li<as ))('(‘n point (‘d out by Vislier tha.t, althonu-h 
typhoons attain d(‘st.ru<‘tivt5 violeiua* to thc^ \V(‘st 
of Bonji;. loO'Mb, tlu'N’ aia' proba-bly <i;encrat.('d much 
furthc'r (‘as(. as indieat ('d l>y t>l)s(a‘va.tions in r(‘cent 
yi'ars in tlu' Marshall Islaiuls ;\.nd in t lu^ st'a.s sout h 
of tin' Hawaii Bslaiids. This is not im])r'()l)a,bU‘ as 
Bndim' ()!' (‘()nve?'<;('n<'(‘ of ttu‘ soutli-(‘a,sterly tra,d(‘s 
a.nd t in' n(nt'li-(‘a.st.<u*ly t ra.d(‘s lies well to the north 


oL* tlie (Mjuator in the typhoon months, a,nd exh'ruls 
to the coast of (hmtral America,. Tlu^ t.yphoons 
may well be r(j;.»;a,r(l(al a.s pressure wa,V(‘S ^-('nerated 
in this line oT eonv(‘rp,(‘nce, wlu(‘,h travel w(‘stwards 
wit.h the ecpiat'Orial ea.steriies, and inti'iisiry wlu'u 
they reach morc^ nortlu'rly latitmh'S on ajiproach- 
in.i^ th(^ .Asia, tic (u)ntinent. 11 W(^ c.ould clra,w the 
tra,(tls:s oi* a.ll these l iw prc'ssure wa,ves in all sta^^cs 
of (h'va'lopnu'nt, it is jU'obabUi that \V(* woidd find 
t.ha,t a- ma,joii(,y of (,h(‘m )\a,V(‘ tlu'ir origin in the 
Bast Ihu'-ifie, ()(‘.('a,n and finally rc'crurve into tlu': 
^i'neral wt'shu'ly circulation of the tianpi'.rate 
la,t.it.udes in the Noi'th Ihicilie. Oc-ean, (hiina, or 
( ipp(‘r India. 


Research Notes. 


Uber Gcwissc Orthogonale Polynome, die Zu 
eincr Oszillicrcnden Belegungs-Funktion 
Gehbrcn - 

Tut: i)rop<‘rt.i(‘s of soiikh intonisting polyno- 
luial.s jirivsing in c.oiuuH'.tiou with L(‘.g<‘,n<lre’s 
])()lynoinia.ls ;i.r(‘ (.r(‘iitp<l in this paper 
(Szegn, ilfatli. Ami, I>. 110, pp. 501-51*')). At 
tb(‘, Hiune tinu' firovivs two (U)nj(H*.tures 

of St.i(d(.j(^s wlii('.h rcnnairicid. unprovn'd up till 
tlie pr(‘S(‘nl. day. Th(‘. polyiioniiahs tha.t ho 
(•()nsid(‘,r.s iir(‘ (hhiiK'd by ni(‘juhs of Mk^ 
(Mpnit-ioii 

n 'r,,! ■ '■ 

'■C K / 

wlicrt', i),„, (,r) a.s ihsua.l n‘.prcs(nit4S i.lio L(^gen- 
drc’H ])olyiu>nua.l of t.lie, sc^.cond kind. Then 
w(‘, liav(‘ obviously t-ln^ ort.ho^’onality rcdntion 

Bd-r) I0,,(;r) 

(K 0, 1, 

(lf(‘,n^. it is to h(*. obsiuwuMl hi nit tlio w(‘,ight- 
function B,, (.r) is hi^dily osicillaiting.) The 
two couji'cturcK of lSt.i(‘.lt j<*s whicli lie. prov(‘.s 
Ih'K". (1) Jhi(‘ roots of B//, (‘-tO U/ro all 
n'lil simple and li(‘. iu tlu^ intauwal ( I, I .1) ; 
(2) JJh'. roots of B;,(.r) He-j)iirat(‘. those of 
B„(.r). In t-Iiis (tonncsctiou Sz(^go ronnirks 
t'liaJ a. mor(\ gimm-a.I con j(a‘.(dire of Sti(dtjes is 
not y<*t i)rov(Ml aiiid bnii. his niotliods devfdop- 
(mI luu’c ca-nnot pcrha.ps bo applied to the 
genera.1 ca.se. 8oni(‘. analogous results are also 
provaal for obt-adied in an analogous 

manner from tlu^ assocaatod Legendre func- 
tion of the second kind 

K. V. I. 


Uber die Kleinsche Theorie der Algebraischen 
Gleichungen. 

Tn" this very intcresi.ing article l)ra.uer (Mal/i. 
Ann., Band, 110, Heft lY, pp. 173-500) lias 
])erfc(d.c(l Ki.ein\s theory in nniny important 
directions. It is widl known that Khun lias 
cstahlislicd an inf.irnato connection lietween 
tlie solution of a,n a-lgebraiic o,(|nat.ion a,nd 
th(‘, Kornuui-BrolihutL’ of a. groip) (usually 
tlu^ Galois group of tlie (‘((ua-tion) whicli is 
given eit.hcr a.s a. limair 1 1’a.nsformation 
group or a.s eollineaJion group. Tlu^ ller- 
mit.i'-K’romadau’ solution of th<‘ (iiiint.ie, (upui- 
tion by nuuuis of a modular (‘.(juaition of t.Ii(‘- 
fifdi order (tlu'i itaisaaler (Ujua-tion) wa.s 
(‘.xphiiiHMl V(uy e.hairly l)y Khun by iiK'.a.iis of 
this analysis, be. a.nd his studiuits ha.v(\ 
contribul ( mI v(U‘y la.i'ge.ly l:o I.Ih^ tiluMiiy of l.lu^ 
sexdic a'nd t.Iu', S(\pti(* (Ujuahion which e.am 
perha.j)s I)(‘. considiuaMl aiS i hi^. most importa.nt 
work in t.liis liedd simu^ the claissie,a.l work of 
Abel a.nd Galois. 

The ‘Hd>rm(Ui-Br(d)lenG’ of ai group of 
liiK'.ar traiiisformaitions (ordcu* n) is tlu^ did.er- 
niiuation of a. point, in tilK*! y/.-dinuuision 
space in wliic.li th(^ lim^ar tra.nsforina.tions 
are supposcMl to act when the va.lmss of (.lie 
fundam(ui(.a.l invariani.s for t.lie point a.r<‘. 
known. In a.ii (exactly similar nuiniier we 
(*.au fonnulat(^. tiu^. sa,me for a e()llin(‘.a.t.i()n 
grouf). Jdic funda.numtal prohliun is tluit. of 
(I(d.(‘,rmining tlu', (uisc^s when the solution of 
an eijuation (*.a.n bo ma,de (uiuivahuit to the 

Formeii-Brohlem ” of a suif.ably chosiui 
group (it is usually the Galois-group of the 
e(| nation). In the ca.se of tlie liiicar-trans- 
formation-group this problem is (annidetely 
solved. In a very interi^sting way Brauer 
solves tins problem for the case of collinea.- 
tion groups also. The first part of tlie 
article docs not presuppose much knowledge 
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on tlie part of the reader but the latter part 
presupposes some knowledge of the theory of 
hyper-complex numbers and group characters. 

It has already been observed by Klein 
that in the case of the quintic equation the 
solution can be reduced to that of the 
Formen-Problem ” of the icosoeder group 
only if we extend the field of the coefficients 
by another quadratic irrationality. It has 
been found by Brauer that in general the 
extension of the field is indispensable; and 
the theory of hypercomplex numbers gives 
us much knowledge about the nature of the 
irrationalities that we have to adjoin. In 
§ 1, 2, 3 he shews how the solution of an 
equation and the Forrnen-Problem of a 
collineation group can be related. The 
principal result that he proves is dependent 
upon the theory of factor systems of the 
representation of groups treated by Schur in 
Math. Zeit., 1919, 5 . It is ^lff{x) — 0 is an 
equation with coefficients out of a field P 
with its Galois-group G which is one-one 
isomorph with a collineation group 0, then 
the complete solution of the equation is 
equivalent to a Formen-Problem ” of C if 
among the factor systems of C, a system is 
found which is associated with the unit 
system (in the sense of Schur, loc. eit.y 
Flere it is shewn that the number of those 
factor systems that are to be investigated 
is equal to the index of the group of the 
inner automorphisms of G with the group of 
all the automorphisms of G. In § 4 he con- 
nects the theory of the solution of the 
equation with an aggregate of simple nor- 
mal algebras (or hypercomplex numbers) 
over P in an independent way. The princi- 
pal results of § 4 and 5 are these. 

There exist a finite number of normal 
simple algebras over P, which can be deter- 
mined and which possess the following 
property — viz., the complete solution of 
f(x)=0is equivalent to a solution of a 
^‘Formen-Problern” if there exists a comjjlete 
Matrix algebra among the previously 
mentioned finite number of them. If there 
does not exist any such algebra among them, 
then the field P is to be extended. If m is 
the smallest of the indices of the algebras 
over P, then the degree of the extended 
field P' over P is at least equal to m. If n 
is the dimension of the space in which the 
collineations are supposed to act, then the 
degree of P' over P cannot exceed (^^, + 1). 
The results are illustrated by taking the 
quintic, sextic and septic equations. 

K. V. I. 


Raman Effect of Cyclohexane. 

K. Haberl [Ann. der Fhys., 1931, 21(5), 301] 
has found a remarkable fluorescence in the 
Paman spectrum of cyclohexane excited 
by Hg-radiation with a great temperature 
dependence. The regions of fluorescence 
are about 2,900 A. U. and 4,000 A. U. He 
has also found that the fluorescence dis- 
appears if the Hg-radiation is filtered through 
a glass plate. Ko explanation of the above 
phenomenon is yet given. 


Experiments with Positrons. 

In Zeitschrift fur Physilc, 1934, 92 , pp. 485- 
512, E. Rupp gives a detailed account of the 
experiments conducted by him with the 
object of discovering the properties of the 
positron. His results agree in the main 
with those of other workers, particularly 
J. Thibaud, but the special interest of the 
work lies in the way in which the positrons 
were produced. In their first experiments 
on induced Radioactivity Curie and Joliot 
found that vrhen aluminium was bombarded 
by a-particles it was changed to radio- 
phosphorus which emitted positrons. This 
has been utilised in the present work to 
obtain a source of positrons. Even the 
a-particles were produced in the laboratory 
by bombarding lithium by highly accelerated 
protons. The a-particles so produced then 
hit the aluminium and gave rise to posi- 
trons. A large number of experiments were 
conducted to determine the properties of 
these positrons. The value of ejm for the 
positron was found to be 0-95 + 0-05 times 
that for the electron. The positrons when 
scattered by aluminium and gold foils showed 
no diffraction rings while electrons of the 
same energy 'do show such patterns. The 
absorption coefficients of Al, Cu and Au, for 
positrons were 30 per cent, smaller than 
for electrons. The loss of velocity was 
greater for positrons than for electrons 
when they traversed similar foils of AL 
The positrons did not dislodge secondary 
positrons but liberated secondary electrons 
as efficiently as primary electrons do. The 
positrons excited a strong X-radiation whose 
wave-length was independent of the velocity 
of the positrons, while electrons produce 
X-rays whose wave-length does depend 
on the velocity of the electrons. In the 
mean each positron produced two quanta 
of X-radiation. The positrons were not 
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found (,o produce art/ilicial fcransinutation 
of 

T. 


The Production of Neutrons from Beryllium 
by means of hard X-rays and artificial 
Radioactivity. 

In n. r(M‘ent <*onnnuni(*.ai(‘.ioii publisliod 8imul- 
t;MH‘.oiisly in Nature ( 19 ; 31 , 134 , and 

Die Nulrr/visst'iisrhajleu (VXU, 22 , S.3!)), 
A. Mniosuh, K. iind A. Waly of 

and T. 10. lianks, T. A. Clialniors, 
L. Szilard and F, L. Ifopwood of London 
d(‘scril)(‘. (‘X|)(a‘iruenta in wliich noid.rons 
W(‘n‘. lih( 0 'a((‘d fi'orn Ix^ryllinm by nieans 
of hard X-rays, ''bho X-rays wore prodnc(‘.d 
by vol(a.^n‘. olccd.ron tubes work(id by 
a. vol(;i<i:e impulse ^-enerator inskalUul in 
Lie Ili^h T<‘.nsioM Laboratory of th(^ A. 10.(1. 
in Ibu’lin a.nd e.ivpable of delivering seven al 
million voltuS. Tlie X-rays produced from 
a taingsten a.nticnUhodo in a tube "work- 
ing a.t l.-T) million volts fedl on tlu^, 
beny Ilium, llromororin wUuS irra,diat(‘d by 
Lu‘. neutrons tlnns produceal and vvlien the 
radioa/ctive' Mroiniiu'. isotope*, was isobiteul 
in London it wa-s found to liave^ an aediivity 
with a ludf- value period of six hours. 
'TIk^ activity wa.s increased when th<i volt- 
ag(‘ of the t.ub(^. was increased to a value 
bidow two million volts. The activity showed 
a. rapid inc.r(ra,s(\ with an increaise in the 
volt,ag(n This e.an be cxpbiined if ther(‘. is 
a limit, ing wav(‘.-lcM\gth foi* the X-rays which 
(*.a.n lib(n’a,t,(‘. a. neutron from beryllium, for 
tlu‘ rraction of tdui total output of tdu^ 
X-ra,)' tsilu', whi<*.h is liarder than this limit- 
ing ra,dia,tion will incr(‘.as(‘ rapidly with 
inertia, sing volta-go appli<‘,d to the tube. 

T. S. S. 


The Genesis of Elements. 

(1. N. LnvvJS (/V/y/.s*. Rev.^ .ITS I, 46 , p. <Sh7) 
ha,s put fort-h an intor<‘.sting hypothesis 
r(\ga,rding t,h(‘ gimcnsis of eleimmts. All c(des- 
tial ])odi<^s exc.(^pt thos(‘, ha-ving the higliest 
t(‘mp(U’a.t.ur<‘s a-r<5 supposed to consist 
imunly of the oleuKmts tlnit are found 
in nud, a, llic. m(‘.(,(U)rs (mostly Xi and Fe) 
whi(*,h a, re a,ssiimcd to be tlicrmodynaini- 
ca,lly mosli stable states with respcKjt to 
transmutations amongst elements. Lut they 
bec()nu‘ aJTected superlicially by the action 
of radiation of the type of the cosmic rays 
or tin*, mucli harder rays as are responsible 
for tlie so-called bursts’’. This results 


in the formation of the lighter elements 
as are found in the earth’s crust and the 
stony nudeors. Less oflien the nuclei may 
combine to form th(‘. heavier elements. The 
disintegration of the nnchms under the 
action of radia-tion mostly ta,kes placf‘. so 
tlnUi (a) a,n (cnm. splitting into two nuclei 
takes [)laee, (‘.aeh having half the mass 
a,ud luilf the cdiarge of tluj origimd nucleus, 
or (/>) a nuchms of the type. I//. ” is 
formed. Hiometinu's such procuvsses yield 
a.- f(‘\v unknown isotopes. These ai’c a,ssunied 
to b(^ uiista,ble a,iid a,i’(^ supposed, to undergo 
/Lra,y tra-nsforma, lions producing th(‘, more 
sta.l)le (denumts. 

.I>y this hypoi ln^sis it ha,s been possible to 
a(a*.()unt for na,(,nre a,nd ext(mt of o(*.(vu.r- 
rence. of the mo](‘. a,bunda,ntly (xanirring 
ehmients in (,h(‘, (uu‘l,h\s (umsl, aaid* the stony 
m(d,(‘;Ors. This supports the favourite theory 
of the petrologists that tli(>! iiduudor of the 
ea>rth (*.onsists of meta,Uic. ma.sses re.seml)ling 
niek(d ste(d. 

K. (L 1). 


Platinum-Rhodium Alloys for Oxidation of 
Ammonia. 

Tmo cata, lytic, oxidation of aunmonia to 
()xid(‘.s of niti‘()g(m is from tin’*. sta,ndp()int 
of industry, oiu^, of tlu^, most importamt 
r(‘.a.(d,ions in h(d/(‘.rog<m(M)us ea.ta.lysis. Th(‘. 
(dioic-e of ai suitaibh^ c.ata,Iyst, aiud tln^ condi- 
tions of (‘.c.onomk*. opiu’ation ha.v(^- Ixum the 
subjeet of a. nunilxu’ of iuv(vstigaitions. 
d^w'o g(‘.U(‘.ral tyf)(i)S of (U)nimerc,ial pi*oc,ess(vs 
luive been in use : (a) Those in which, the 
opix’ation is <‘,ai*ried out at a^tmospherie 
prc'.ssure; (h) Thos(^ in. which tlu‘- r(aietion is 
e.ondmd.ed ati high pre^ssures. ddui ehoi(U) of 
a pr()p(U‘ eata.lyst is Luis governed l)y Lu^ 
<)p(';rating c.onditions. During the VVa,r, 
iron oxidci c.a:ta,lys(i with bismuth oxide a,s 
promotor wa,s (uuploycMi in (buanany, but 
was siiI)S(\(piently givcm up in view of the 
low (vni(den(*.y. idabiimm in Lx^ form of 
liiKi gauze Ims b(‘.en (vxUmsively used, but 
the loss of m(d,a.l under the op(n*aii.ing c.ondi- 
tions is a, ra,(d.()r whic.h (‘.annoir be*, m^.ghxdical. 
Tli(i optimum c.ondition foi' tlu^ minimum 
loss of ca.ta,lyst by disint(‘.gration, high, con- 
version eiru‘.i(Mic,y a,nd large capacity under 
the a,etual conditions of (‘.ommcixdad opera- 
tion Inive been worked out by Ifandfortli 
a.nd Tilley (Ind. Eng. Chemi.^ IIKM, 26 , 1287). 
They have shown that riatinnrn- Itliodium 
alloys containing 5-10% of JLiodium Inivo 
been found to give a low loss of metal and 
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high capacity under the operating conditions 
required for tlie maintenance oC liigh con- 
version efficiency. Thus at the same tempera- 
ture (900°O.) tlie conversion efficiency of 
10% Ehodium alloy is 99% wliilc that of 
pure platinum is 95%. The loss in weight 
under similar conditions for the Platinum- 
Ehodium alloy is much lower than that for 
pure platinum. The results arc of impor- 
tance not only in industry, but also in the 
elucidation of the theory of promotor action. 

M. P. V. 


Observation on Spherulites. 

A COMPREHENSIVE Study on spherulites has 
been made by E. J. Colony and A. 1). 
Howard (Am. Mineralogist^ Hov. 193-1-, 19 , 
Ho. 11) from the rocks collected from 
various places in America. The point of 
interest is the distribution of microlites both 
within and around the spherulites. The 
microlites within the spherulites are arrang- 
ed in a confused manner, while around the 
spherulites, they are bent and show a 
characteristic alignment. Experimental 
determination witli menthol and pyroxene 
showed, that as long as the melt remained 
sufficiently liquid the microlites were borne 
toward the growing spherulite and the 
arrangement was haphazard. As the visco- 
sity increased the movement became slower, 
and theoretical discussion has revealed that 
the fibres of microlites will curve around tlie 
spherulites. He has also observed the 
interesting phenomena of spherulites growing 
within spherulites, and after discussing the 
various alternatives, he suggests tha.t the 
larger or the host spherulite started growing 
first, and when it included the smaller one 
the latter could not grow due to lack of 
supply of material, while the former became 
bigger and bigger due to continuous growth. 
From the experimental evidence and theo- 
retical discussion he has concluded tliat at 
the time of emplacement the lava was 
sufficiently liquid, so that the microlites 
were disturbed by the diffusion currents set 
up in response to spherulitic growth. From 
this study he has shown tliat since there is 
a close relationship between viscosity and 
the rate of cooling, the arrangement of 
microlites in the spherulites may be used as 
an indication of the comparative rates of 
cooling of similar lavas. 


Magmatic Wedge. 

After contribul-ing n series of importa,nt 
papers on (‘.rusi al nuMdianics d . S. Delmry 
has publislKMi n. very ini (‘r(‘.si.ing art hde (yIvr-. 
Journal of i>>ricncrj Nov. 1931, 28, No. 107) 
on h.he magmat/i<*. w(‘dg(‘\ In trhis lu‘ has 
made a deluiihul slrudy of l.in^ geotiununal 
gradients and tlnn’r i-cdaldon to Mi(‘. d<‘v<‘Iof)- 
ment of magma, in sub-(‘rustal n\gions. In 
this coniKHd.ion Ii(‘. siigg(‘.sts tlni.t magma.s 
are locally forimul a.nd hxcilly intrudtxl in 
contrast to hiigc^ vc^rtica.! magma, (‘hamlxu’s. 
From tlie geophysica,! ila-ta- a,va,ila,l)l<^ h<‘. ha,s 
discussed the princ.ijih^. of hydra, ulic- vv(ulg<>s 
and migra,ti()n of ma,gma, with rcd'iu’imca^ to 
solid flow. His (‘.onclusions have, a, dinud; 
bearing on smdi ma.jor probhmis of gtaiiogy 
as continent.a,! drifl, isosta,sy a,U(l [)(d.ro- 
gencsis. In th(‘. (uid li(‘, sugg(‘.s(,s lha,t a,ssinii- 
lation in its broa,d(».st a,sp(X‘.t, would a.jipivar 
to be the controlling fa,e.tor in th(‘ (hwadop- 
ment of div(‘rsi^ ro(*k typers I, hough sonu^ 
aspects of dirrer(m(,ia,t,ion e.a.nnot b(‘. ignonal. 
This is indeed a, st.a,t(unent, which will 
revoke the controvauvsy Ixd.wiMm the t,wo 
schools, namely, tlx‘. a,vSsinula,tiou a,nd diHe.r- 
entiation. Eut,, how(‘V(‘r, i(, is gra-lifying to 
note that a, furtlxn* eonti’ibiition on this 
aspect of the ((n(‘.st,ion is nndm* pr(q)a,ra,t,ion 
and petrologists in j)a,rti(‘.ula,i’ will b<‘. wa,t,(di- 
ing with intends!, the i)ubiie.a4h)n of tlx^ 
same. 


Liopclma Studies. 

No. J. INNIOK, Ihvh5; No. 2. (hovNiAr. 

(hlAKAOTIOUS. 

1). S. Wa(;nior in tdi(as(‘. t,wo pa^xu’s (Anal, 
An;;., 1931, Hd. 79 , 1 dirh l 12) a.mply jiuts 

forth (unhhuxx'aS in ra,vour of the (‘rcx'tion of 
tlie group LlopvlniuUv by Nobl(‘ to a,(M*onmio- 
dat(^ Aseaplius a,nd Liopidma,. 1hx‘ Liopvi- 
miHai lack a, middle, (air, a,nnulus t.ympa-uieiis 
plectrum and (msi.a,e.hia.n t.ulxas. Only th(‘. 
operculum ixu'sisi.H. (piadrat-omax illary 

is also absemt,. 'Viie inma* (an*, howt‘.V(‘r, 
does not siidVr a, pa,i’all(‘.l d(‘g(m(‘rati()u. 
Liopclma is linkiMl wii,li Ase.a,i>lins further 
in jiossessing S(‘pa,ra,t(‘. f)a,ssa,g(‘s for V* a,nd 
VII nerves, and a, f()ra,ni(m aaaistimim 
medium. Thus tlie study of tlx'. otico- 
siispensorial region of the skull of Liopclma 
certainly affords e.ori’oborative (wideiice of 
lie autonomy of the lAopchnidw. 
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New Year Honours . — -The names of the follow- 
ing men of science are incluilecl m the list of 
recipients of the New Year Honours : — 

C. Hai Bahadur Dayaram Sahni, Director- 
General of Archaeology. Kni(jhthood^ Lt.-Col. 
T. N. Duggan, Grant Medical College, Bombay. 
Dewan Bahadur, Rao Bahadur S. E. Ranganathan, 
Vice-Chancellor, Annamalai University. Rai 
Bahadur, Rai Sahib Malik Charan Das, Secretary, 
Imperial Council of Agricultural Research Depart- 
ment. Rao Bahadur, Mr. G. N. Rangaswami 
Iyengar, Millet Specialist, Agricultural Researcli 
Institute, Coimbatore. 

* * * 

We are happy to felicitate Rao Bahadur L. Iv. 
Ananthakrishna Ayyar, the veteran Anthropologist 
of India, formerly Professor of Anthropology, 
University of Calcutta, on his being nominated a 
Fellow of the French Academy. The Minister of 
Education in Prance has also presented Mr. Ayyar 
wdth the French National ‘‘Brevet” appertain- 
ing to “ Officer D’Academie 

♦ ♦ * 

Prof. M. W. Rosenthal has been appointed by 
the Mysore Durbar as Professor of Pathologj’’, Me- 
dical College, University of Mysore, and Officei*-in- 
charge, vSri Krishnarajendra Hospital, Mysore. 
His wife Dr. M. E. Rosenthal has been appointed 
Medical Adviser to the Women and Children 
Welfare Committee, Mysore. 

* sK 

Prof. William Wright, Dean of the London 
Hospital Medical College, was on a short visit to 
India in connection with the preliminary exami- 
nation of the Royal College of Surgeons. This was 
the first time the examination was conducted in 
India. 

jH ♦ * 

Cotton Research Studzntships.—YhQ Indian Cen- 
tral Cotton Committee will award in February 
1035 two research studentships tenable for 2 years 
from April 1935. The studentships are of tl^e 
value of Rs. 100 per mensem during the first year, 
and Rs. 120 per mensem during the second. One 
will be awarded in Botany (Cotton Breeding) and 
the other in Cotton Entomology (Cotton Pests) 
if suitable application? are received. 

* * * 

Mr. T. L. Merriman, i.c.s., has been nominated 
a member of the Indian Lac Cess Committee, 
Imperial Council of Agricultural Research Depart- 
ment vice Mr. tl. E. Horsfield resigned. 

* H« * 

Indian Science Congress, 1986 . — According to a 
report appearing in Statesman, Di\ Sir Upendra- 
nath Brahmaclm,ri, Kb., M.D., ph.D., f.a.s.b., 
has been elected President of the Indian Science 
Congress, 1936, which will be held at Indore in 
January 1936. 

* * 

Scientific Exhibition, Roijal Institute of Science, 
Bombay .—\t is not often that one can see in India, 
Scientific Exhibits and devices like those displayed 
at the Exhibition organised by staff and students 
of the Royal Institute of Science, Bombay, from 
the 13th to 18 bh December, 1931, in aid of the 
Bombay Hospitals under the patronage of His 
Excellency the Governor of Bombay and Lady 
Brabourne. In a country where occasions like 


Notes, 

these are not a regular feature on the programme 
of any Institution, the layman lias a special 
interest in them, so long as they cater for his 
entertainment and satisfaction of curiosities. 
This is much more so on account of the absence 
liere of permanent Institutions like Science 
Museums of Western countries. The visitors to 
this Exhibition evinced a great interest in the 
standing exhibits as well as manipulated devices 
shown in all the sections,!;/’:., Pliysics, Chemistry, 
Botany and Zoology. If the number that visited 
is any gauge of its success, we can safely say that 
the Exhibition had been very popular. The 
amount realised to the extent of about Rs. 13,000 
will go towards the relief of sufferers in Bombay 
Hospitals. 

Jfc * 5(J 

All-India Medical Conference.— An Exhibition 
was organised in connection witli the Conference. 
Sir Fazl-i-Hussain in declaring the Exhibition 
open, remarked “ India may well be proud, that 
things for which, she not very long ago, entirely 
depended on foreign countries, can now be supplied 
to an increasing extent by Indian Manufactures.” 
The need for such exhibitions is great as the 
medical profession needs to be informed of the 
progress achieved in the manufactiiro of chemicals, 
drugs, apparatus and surgical instruments by 
different firms within and outside India. Tliis will 
not only help to fuither the development of the 
indigenous industry but will also serve to take 
stock of the scientific contributions to Pharma- 
coepia made by Indian Research. 

!!« 5is * 

Advisory Board of Education . — One of the impor- 
tant resolutions tliat was passed at the general 
session of tlie All-India Edacational Conference 
held during the last week of December at Delhi 
concerns the formation of a central body whose 
main function will be to co-ordinate educational 
activities of the various provinces and which will 
servo as a bureau of information in all Educational 
matters. 

^ 3)C 

All-India Veterinary Conference.—Yha Eighth 
Se 3 .sion of the Conference was held at Bombay on 
the 29th and 30bh December 1931-, Khan Sahib 
N. D. Dhakmarwala presiding. In the coarse of 
his Presidential Address, the Khan Sahib stressed 
on the need for establishing a large number of 
animal welfare centres. The cash value of cattle, 
labour and dairy products is not less than 15,000 
crores of rupees annually and thfi need for estab- 
lishing such centres distributed tlirougliout the 
country is imminent. There is also need for a 
Central Nutrition Institute to co-ordinate research 
work done in the Provinces. He referred to the 
vast unexplored animal wealth of the country and 
pointed out the possibilities of improvements in 
dairy and farm products. 

* * * 

Indian Institute for Medical Research. -~Y \\q 
Institute was opened at Calcutta on the New Year 
Day in temporary premises at 41, Dharmatola 
Street. In addition to a diagnostic laboratory 
the research department of Bacteriology and 
Protozoology have started work. Other depart- 
ments will be started shortly when more 
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suitable and commodious accommodation be- 
comes availa!)le. 

A Scientific Advisory Board with several 
eminent scientists of India has been constituted 
to advise the Institute on all technical matters. 

♦ 

Federaiiori of National Educational Institutions 
in India. — With a view to bring together the 
various National Institutions imparting higher 
education scattered all over India, it is proposed 
to form a Federation of all the Institutions. 
With the co-ordinated efforts, a further expansion 
of National Education through the medium of the 
language of the country would result. More than 
fifty lakhs of Kupees have been spent in building 
up all these National Institutions and several lakhs 
are being spent every year for their maintenance 
and development. At present they are more or 
less isolated ; each University has a curriculum 
of its own and the degrees conferred by one is not 
recognised by the otliers. A federation which 
would act as an inter-University organisation and 
bureau of information is now needed to further 
the cause of National Education in India. The 
drtrft constitution and rules of procedure have 
been circulated among all tlie Institutions and a 
preliminary conference for constituting the 
federation will be held in February next. 

sis SH !f< 

Ini'perlallnstitute. — Sir Hjirry Lindsay, k.c.i.e., 
C.B.E., I.C.S., has been appointed Director of the 
Imperial Institute, London, with effect from 1st 
October 1931- 'yice Lieut.- Gen. Sir William Furse, 
K.C.B., D.S.O., retired. 

Sir Harry Linclsii.y was Director-General of 
Commercial Intelligence, Calcutta, 1916-21 and 
Secretary to the Government of India, Commerce 
Department in 1922. He w^as appointed Govern- 
ment of India Trade Commissioner in London in 
1923. 

* 5iS StS 

Awards of the Royal Society^ — The Copley 
Medal was awarded to Prof. T. S. Haldane in 
recognition of his discoveries in human physio- 
logy and of timir application to Medicine, Mining, 
Diving and Engineering. (2) The Rumford Medal 
was awarded to Prof. W. J. de Haas for his 
researches on the properties of bodies at low 
temperatures and in particular for his recent work 
on cooling by the use of adiabatic demagnetiza- 
tion. (3) Royal Medals to Professor S. Chap- 
man for his researches on the Kinetic Theory 
of Gases, in terrestrial magnetism a.nd in the 
XDhenomena of the upper atmosphere and to Prof. 
E. D. Adiian for bis work on the Physiology of 
Nerves and its application to the problems of 
sensation. (4) The Davy Medal to Prof. W. N. 
Hawworth for his researches on the molecular 
structure of carbohydrates. (5) The Darwin Medal 
to Prof. A. C. Seward in recognition of his work as 
a paleobotanist. (6) The Sylvestar Medal to Earl 
Russell for his dustingiiislied work on the founda- 
tion of Matliematics. (7) The Hughes Medal 
to Prof. K. M. G. Siegbahn in recognition of his 
work as a physicist and technician on long wave 
X-rays, 

sK :!« 

School for Polar Research, Cambridge. — Accord- 
ing to a note appearing in a recent issue of 
“Science”, a centre for Polar Research was 
opened by Stanley Baldwin on November 16, in 
the presence of several xirctic Explorers. This 


centre is designed as a memorial to Captain 
Robert Falcon Scott and the facilities of the 
building include a library, map room, museum 
and archives containing all available log books, 
diaries and weather records kept by Polar expedi- 
tions. “ Arctic and Antarctic exploration is a 
prolonged war which needs strategy and carefully 
laid plans for its successful jprosecution. The new 
building provides a venture in study and research 
for all those going out into the j^artly known and 
unknown.” 

♦ * * 

The Nobel Prize for Chemistry has been awarded 
to Dr. Harold C. Urey, Professor of Chemistry at 
Columbia University, for his discovery of deute- 
rium. 

:<c »|c 

In view of the large growth of the Indian Sugar 
Industry, large quantities of molasses are now 
available; last year the quantity produced 
amounted to 500,000 tons. It is estimated that 
this year it will amount to 650,000 tons, which 
the United Kingdom and a Britlsli Company has 
already undertaken to purchase with a view to 
turn them into manure. The Calcutta Port 
authorities as well as the railways have consented 
to give special rates for the export of molasses, 
which will prove a great boon to the sugar 
industry, utilising, as it does, a liitherto wasted 
byproduct. {Chemical Age.) 

♦ 

On Forecasting Weather over North-East Balu- 
chistan during the Monsoon Months July and 
August, — By A. K. Roy and R. C. Bhattaclmrya 
(Indian Meteorological Department, Scientific 
Notes, Vol. V, No. 5S).-— The difference between 
barometric pressures at 0700 hrs. local time at 
Khanpur (in the south Punjab) and Rawalpindi 
(in the north Punjab) is a useful factor in predict- 
ing weather over north-east Baluchistan during 
the two months July and August. A statistical 
examination of data for five years (1929-19:13) 
confirms the belief that the days on which tlie 
pressure difference (Khanpur minus Rawalpindi) 
is negative are usually associated with disturbed 
weather, and the days with positive difference are 
generally fine. It is found that a forecast based 
on the single criterion would be correct on about 
09 per cent. days. Tiie results are extremely 
striking wdien the days with large negative and 
positive differences are taken into consideration. 
It is found that out of 33 days during the above 
period when the difi’erence of pressure atOSOO hrs. 
Ij.M.T. on any day was OHO'' or more, rainfall 
was recorded during the next twenty-four hours on 
as many as 29 days at one or more of the five 
observatories in north-east Baluchistan while 
measurable rain occurred only on 1 out of 54 days 
associated wdth a positive difference amounting 
to +0*05" or above. 

♦ * Ht 

Mechanical Testing^ of Timber, — (His Majesty’s 
Stationery Ofhee. Price Is. net. Post free l.s. 
Anyone desiring to determine the mechanical 
and physical properties of timber from tests 
on small clear specimens will be interested in the 
Report of the Committee on the Mechanical Test- 
ing of Timber. This Report is the result of a 
critical examination into existing standard me- 
thods of the mechanical testing of timber in the 
form of small specimens free from defects. The 
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concliisioMs jiiTivod at are constL'iictive and cer- 
tain recoinrnondatioiis aiu'- ma.de concerning exist- 
ing practice. d?he report is fully illustrated with 
diagrams a, ad photographs. 

5l« 

The Physiological Society of India . — A society, 
named The Physiological Society of India,” has 
been started in Calcutta in July, last year, and 
has been, registered in December. This Society 
aims a.t promoting'' a-nd organising r(‘S(.‘arches in 
Physitdogic.al a,nd Hio-cht‘mic.al problems of India 
l)y enlisting ( lu^ co-operaJion of Physiologists an(l 
liiot^laanists woi'king in tin; various la,})ora.tories of 
India, a.nd also of scientists a,nd nualic.al nuvn 

who t.a,k a.n in(.(n‘t.*st in thesi‘ two ha, sic miMlical 
s(d(mc('S. ddur S()(det,y ha,d ah^suly arra-nged 
four ordina.ry mtudings in whivdi sevt‘ra.l important 
contributions by i‘<\sea,rch work(U's W(ire. discusscHi. 
Th(‘ oI'lic(el)(‘a.r(‘rs of tlui Soiti(d-,y are : — 

PresldoU. S. C. Mahahinohis, lOsip, B.sc. 
(Cdin.), F.n.s.M., i.k.s. (Retd.), Professor of 
Physiology, tln^ IJniviu-sity of Calcutta and 
(tirmiiduei Mculica,] Colb^ge, (Calcutta. Vlce-Presi- 
denis.— {1.) Sir Nilra,tan Sircar, ict., m..a., m.d., 
D.O.L., IjU.I)., formerly Vice-tdiaucellor, Calcutta 
UniviM’sity. (2) Sir !ve(larna,th Das, Kt., cm. K., M.D., 
K.cgo.ci., *Pri!\cipaI, Caianicdiad Minlical College, 
Cal(.uitta,. (d) Sir Ujumdra Na,th Bra,hma(diari, ict., 
M.A., M. 1)., I’h.i)., Pr(d‘essor of Tro])i(;al Medicine, 
(■armichad Medica,! College. Calcutta,. (1) Dr. 
Bidha,n Cha,iKli\‘i Roy, m.d. ( (’ah), m;, ic.c.r. (Doriil.), 
F.it.(!.s. (Bug.), Profcsssor of M.<‘di('i iKn ( t'lianichad 
Medica,! (b)ll(‘ge, (’a.hudta. (5) Dr. ll. D. (k 
Wilson, Ih'oft'ssor of .Bio-Cluuuistry , All-India 
Institute* of 11 ygi<‘ni‘ and Public- llealtJi. Secreta - 
ries , ■{]) N. C. Bhntt-a(diarji, Bs<j., m;a,, n.sc., 
Prof(‘ssoi* of Idiysiology, Presidency Colleg(‘, 
Calc.utta. (2) N. M. Ba,su, Es(j., m:.sc., Prof(*ssor 
of l.Mjy.siology, PriisiihuKiy OoUegn*, Calcutta.. 
Asst. Secretary . — Dr. P. N. Brahma, (;hari, M-Sc.. 
M.B., P.it.s. Vreasnrer . — Dr. R. B. Sarkar, d.sc. 
(Bditi.), F.H.s.io., Profi^ssor of Physiology, Univ(U‘- 
sity of Ca,lc.utta. The Bx(M‘utiv<‘. Committee of the 
Soeud'Y e.onsist.s of the a,bovi‘ ()riic(‘-hea,r(‘rs and 
(‘l(^v(‘n other rtuunhers r(‘pre, seating various 
instit-utions. 

»|e ♦ 

The I ndl'tn Botaoilcnl Society , --V\\o following 
r(*st>lulions weia* pa,ss(Ml at t he .\nnua.l Meeting of 
t 1 h‘ S o uel.y li(‘ld in Calcut.ta, on tlie 4(,li Ja,nnary 
U)dr>:“'-I t h/is (*o:ne t-o tlu^ ]cnowI<ulg<‘ of the memlxTs 
()f tlie India,n BotaniiNMl Society tha,t a, j)roi)()sa,l 
is und(U‘ c.onsidc,ra,tion for the vemova.l of 
c.crta.in iri‘<*plac(‘,a,blc; B(){/ani(‘a,l spcMunnms ol 
gr(U‘it< scientidc. vahu*, including typi'-speidimtms, 
hith(‘rt,() pr<‘served in t.lu^ I l.(‘j*l)arium of the 
Royal Bota.nic (iaa*(h*ns, Sihpur ( (^alcutta,). 
''Phis body vi(‘ws tlic; pi’oposa,! wild S(u*ions appiae 
himsion, realising, as it, (1(K‘S, tha.t tin* r(nnova.l ot 
a.ny such sp(*<um(‘us is hound t,o he d(‘t!‘im<mta,l to 
t'lu- progress ol r(‘sea.rtdi in .systa‘mati(i B()ta,ny in 
India. lt> is st.rongly oj^posed to t.lu* iH'mova,! from 
t.liis c-oun(,ry of any sp(‘citn(Uis cx<‘ept one out oi a 
triplic:it(^ set (not being a, typv* sp.urmien) for 
purpt>s(‘sor leniporary loa,n or exchangan 

2. This body is fnidditu.’ of opinion that in tlie 
intiU’Cst of Bot'inica,! R,(isea,i‘ch in India it is 
imi)orativ(^ for the Botanical Survey; 

(a) To frame and enforce strict rules as is done 
by the authorities of Kew Herbarium, the British 
Museum, the Indian Geological Survey and the 


Indian Zoological Survey, for controlling the loan 
or exchange of specimens. 

(b) To prevent all further transfers of types 
and co-types under any circumslances. 

(c) To demand the return to India of all type- 
specimens belonging to the Botanical Survey 
previously sent abroad either on temporary or 
permanent loan. 

This body under.stands that the question of 
removal originated during policies of retrenchment 
when dangers to historic collections in general 
wore agitating the minds of scientists. This body 
places on record tlie opinion that considerations 
f)f economy should not be allowed to stand in the 
way of the preservation within the country of 
original specimens of scientific value, which 
constitute a, national asset. 

4. This body tlierefore strongly urges the 
Government of India, to provide the necessary 
facilities for the adequate housing and preserva- 
tion in this country of the specimens in question. 

5. This body also recommends that the 
Government of India may be pleased to re.store, 
if possible, the two posts retrenched from the 
Botanical Survey. 

6. This body resolves that the above resolu- 
tions be communicated to tlie Government of 
India and to the Government of .Bengal. 

He * * 

Bach N n})ibers of the Biochemical Journal . — Back 
volumes of the Biochemical Journal, Volumes 15 
to 27 ( 1 h2!-l932) and Index to Volumes 11-20, 
are a,va.ilable for sale. Tlie first four volumes 
(1921-11)21) are bound. .Enquiries regarding the 
j)urchas(.‘ of the same arc invited. Apply to 

B.J.” G/o. Current Science, Indian Institute of 
Science, Dcbbal P.O., Bangalore. 

>lc 
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Reviews. 


The Drama of Weather. By Sir Napier 
Shaw. (Cambridge University Press.) Price 
Is. M. 

The Englisli-reading public owe a deep 
debt of gratitude to the dozen of British 
meteorologists and the author of the four 
volumes of tlie Manual oj Meteorology for 
this eminently readable little book on 
Meteorology. 

In a small space of 270 pages. Sir Napier 
has treated the sequence of events taking 
place in the sky and constituting weather as 
the progress of a great drama. The stage is 
the whole atmosphere, the actors in the 
drama are the clouds, rainbow, lightning, 
water spouts, dust-storms and weather 
phenomena. Some of the jewellery of tli.e 
actresses such as the beautiful ice crystals 
constituting snow, come in for detailed de- 
scription. The qualifications of the watchers 
of the play, namely, the observers, and their 
equipment which is the instruments of a 
meteorological observatory, are then 
attractively described. The recounting of 
the story of the weather by the 
watchers and their attempts at finding the 
leading motives of the author of the play 
are told in the next chapter. Sir Napier’s 
great skill in compressing a vast amount of 
material in the form of well-chosen and 
original diagrams and tables is exceptionally 
well seen in this chapter. The periodic 
phenomena of the weather, the rhythm of 
the atmosphere, is shown by the diurnal and 
seasonal variations. Besides rhythms which 
any one can see, there are others like the 
variation of water-level of Victoria Nyauza 
with the sunspot number, which can be 
discerned only when expounded by a know- 
ing critic. The last chapter puts together 
what different watchers of the play see, 
each from his own corner. The develop- 
ment of the modern weather-map is 


described beginning with an investigation 
by Le Verrier of the travel of a storm which 
destroyed the British and French fleets at 
Sebastopol in 1854 to the latest Norwe- 
gian mode in which the meteorologist tries 
to identify the different air-masses ” pre- 
sent on the stage, and the places and times 
where they come into conflict and form an 
estimate of the relative strengths of the 
fighting forces, apparent and hidden, so as 
to give his verdict as to what the result of 
the fight will be. In an epilogue. Sir Napier 
gives us his idea of what the weather-map 
of the future will be — a map in which many 
vertical cross-sections of the atmosphere 
with actual temperatures (and moisture 
contents) and actual winds will be available 
to supplement the information given by the 
ground-map. In a very partial way, the wish 
is gradually becoming realised in different 
parts of the world. 

Finely got up and enriched with beautiful 
pictures the book forms a most attractive 
introduction to Modern Meteorology. 

51: i\i 5l; 

Experimental Physics — A Selection op 
Experiments. By G. F. C. Searle, p.n.s. 
(The Cambridge University Press, 193h) 
Price 16^. net. 

The name of G. F. C. Searle is a house- 
hold word among University students of 
Physics on account of the numerous pieces 
of apparatus of his designing which they 
meet with in their Practical Work. All 
these instruments display great ingenuity 
on the part of the designer and combine 
simplicity with precision to a high degree. 
We have already a number of books by the 
author in which experiments of an ordinary 
kind are shown to be capable of great 
variety. In the book before us a few experi- 
ments of an advanced character are selected 
from each of the following subjects, m., 
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1 )ynaini(\Sj EljusUcity, Surface Tension, 
V iscosity, Heat and Sound, and described in 
(It^l/ail wil.h full discussions of the theory, 
the (leta/ils of the design and the method of 
procedure. A very valuable part, of each 
dcsc.ription is tlie numerical record of a, 
specimen experiment, with individual rea,d- 
ings and cahmladion of i‘(\sults a,nd errors set 
out so a,s t'O s(‘.rve a.s a, model to the st.udent. 
Althougli i.Iic (‘Xf)(M‘iments <les(n'ihed a, re not 
of a, roiitiiH^. ('.ha,i*a,c.t,(a‘, Honoin’S students 
may pi‘otit,a,l)ly i*(‘pla,c.(^ sonu‘ of the stereo- 
typ(‘d oiu's by thos(‘. given in tliis hook. Th{‘ 
th(a)r(d<ica,I dis(*.ussions a,r(‘. a, Iso origimil and 
a- iierusa.l of l,h(‘. hook will give the studeait a 
good insight int-o the (*.orre(d; method of going 
a,h()ut his pracdi(‘.a,l woi'k. Apart from tln^ 
(hit, a, il(*(l (l(iS(iript/ions of so?ne ingenious 
(iX[)(‘.rim(ints, t,he tea, (‘.her will tind tliat the 
hook sha,rp(ins liis own ingenuity towards 
(hisigning nciw (ixperiments to suit the 
c.onditions of his class: the a,uthor of the 
hook is a,n a,(lmira,ble model to follow in tin's 
r(ispect. We hea,rtily r(icomni(ind tli(i book to 
tli(i serious at.tamtion of all IFonours students 
a,nd t(‘a,ch(U‘S of (‘.xperinKiiital Ldiysi(*.s. 

T. S. S. 

JH 5(5 * 

(Ikvstals and Tiir: roDAiusiNi} MiOK.os(iopn. 
I>y N. ir. Uartshorne and A. Stuart. 
(Edward Arnold <Su (Jo.) Price Ids. net. 

ddui Polarising Microsc.opci is of general 
aid in tlui (ixamimitiou of all kinds of solid 
mat, (‘.rial pr(ipa,ra,t()ry to its ana, lysis, sin(*.(i 
(‘xa,ininat,i()n with it ma,y often indica,t(i 
wluitlnu’ t,h(‘. ina,i.(iria,l is homogimeous or 
h(‘t,(‘rog(‘.n(‘()nS; a,nd ma,y even sugg(ist t.lui 
b(‘st liiHss of (‘.arrying out tlie ana, lysis. It 
ha,s long b('(in of use to the p(i(,i’ologist and 
t,h<‘ cryst.alIogra,pIuir a,n(l in ree.(int y(‘.ars 
()rga.ni(‘, and inorga,ni(‘. che.mists are also 
b(‘ginning to r(‘a,lis(i t,h(i va.lu(i of ( lie pohir- 
ising mi(‘.i’o,se.()p(i. This e.on(‘.is(dy written 
l,r(‘.a,l,ise would h(‘. of giaait helf) primarily to 
c,h(‘.misi,s a,n(l t,o oth(u* us(‘.rs of tli(‘. polarising 
mic.r(>S(‘.()pe who havc^ a,t f>r(‘.sent little choi(*,e 
h(‘.(,w(‘(m (d(‘.m(mta,ry hooks intended for the 
junior st.mhmt of gv.ology and advaiuied 
trea,l.ises. The moi-pliology a,ud tlui opti(*,a,l 
prop(‘rt,i(‘s of (‘-rysta.ls are treated in a, con- 
(u'se ma, nn(‘.r in the (uirlier <dia,pt(irs, and the 
method of using the polarising microscope 
bot.h with parallel and with convergent 
light is treaded in detail in the later chap- 
ters. A full cliapter is devoUal to the 
description and construction of the polar- 
ising microscope. Full details of the me- 
thods of examiuation of crystals for the 


determination of their size, thickness, re- 
fractive index, isotropisiii or anisotropism, 
pleochroism, etc., are given, and it is hoped 
tdiat tliese cliapbers will be of use to 
students of physics as well. Examples are 
given of tlie uses of the polarising micro- 
scope in clicmical practice. Tlie get-up of 
the book is very nice and tlie language and 
presentation arc agreeable. The fact that 
the price of the book is somewhat liigh at 
sixteen shillings is compensated by its 
value to all users of the Polarising 
Microscope whctlier they are physicists, 
edicrnists or geologists. 

S. E. 

:!: :!: :I: 

Ij\:BonATORY Manual of Colloid Ciiemi.s- 
UVRY. By Harry N. Holmes. Third Edition, 
Rewritten and reset. Pp. xvii-l-229, 193-i-. 
Price 205. (eJohii Wiley & Sons, Inc., Eew 
York.) 

Since its first appearance' in 1922 the Laho- 
ratory Manual has held an esteemed place in 
the library of all colloid chemists, and tlie 
present edition which has been considerably 
imj)i‘()ved and enlarged to inedude recent 
dovelopmcuts will be welcomed by all. 
Cliapters on catalysis and colloid ciiemis- 
try” and non-aqueous colloidal systems” 
have bi‘.en added and many of the chapters 
X^articularly those on adsorption, ’■ ^‘surface 
and interfacial tension ” liave been enlarged 
and rnueli useful matter added, the format 
of the volume remaining more or loss the 
.same. 

Wo liavo gone througli I, lie volume with 
much proht a,nd can offer notliing hut praise 
for a volume containing such wealth of 
material so systema,tica,lly a.rra,nged a,nd so 
clearly presented. The author lughtly points 
out in the preface that wlum an unusual 
i'.eclmic in the colloid realm is needed, it is 
believed .tliat this ma,nual will serve well as 
a reference guide.” The get-up of the 
volume is excellent, and the binding is of 
the v(‘.rmin proof ” typo. The price of the 
book embodying so ma,ny useful features, 
a,x)pears to be quite reasonable, and we have 
no doubt tliat tliis book will find a idace as 
a laboratory companion to all colloid 
chemists. 

rlJ :}< >\t 

IJST'iRODUCTORY COLLOID CHEMISTRY. By 
Harry N. Holmes, xiv + 198 pp.(Jolin Wiley 
& Sons, Inc. New York.) Price 155. Gd, net. 

The book serves as a useful introductory 
text to the author’s Laboratory Manual of 
Colloid Chemistry the third edition of 
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which lias appeared along with this volume. 
The arrangement of tlie chapters follows 
closely that in tlie author’s Manual and 
in several places even the wordings in the 
two volumes are similar. Eeferences to 
original literature are given for the benefit 
of the student. The author’s intention to 
provide for the use of chemists, a handy 
volume ” on their desks, to which they can 
turn for quick reference” has resulted in 
the publication of a useful introductory 
volume, which satisfies the demand for a 
brief general survey of the fundamentals of 
Colloid Chemistry. 

jf: ^ 

Conductometric Analysis, Principles, 
Technique and Applications. By Hubert 
T. S. Britton. Pp. xi+178, 1934. Price 12/6. 
(Chapman and Hall, Ltd., London. « 

The last few years have witnessed a grow- 
ing interest in • the application of con- 
ductometric principles to chemical analyses, 
and the large amount of literature that has 
accumulated, has necessitated the writing of 
a monograph on conductometric analysis. 
We have had occasion to review a few of 
the monographs published by Messrs. 
Chapman and Hall under the Editorship of 
Dr. Howard Tripp, and the present volume 
which is the eighth in the series is admirably 
got up, and comes up to the ideals which the 
Editor has set himself in designing these 
publications. 

Electrometric methods particularly those 
concerning the measurement of pH have 
been extensively employed in chemical 
analyses essential to the control of industrial 
processes, and in research. The aid of 
conductometric methods, which admit, per- 
haps, of a more extensive application, have 
been invoked by the physical chemists, only 
during the past few years, and these have 
already yielded very valuable data, and in a 
few instances, such as in the accurate esti- 
mations of very weak acids and bases, and 
the determination of the components of 
mixed acids, have proved invaluable. A 
large field concerning their application to 
industrial processes awaits investigation 
and as they can be applied to different types 
of solutions — coloured, opaque, colloidal, 
etc. and can be employed for the estimation 
of neutral salts in solutions, they possess 
advantages not obtained in potentiometric 
methods. 

The book is a very handy volume compris- 
ing much useful information. The author 


has stressed the importance of the principles 
underlying conductometric analyses, a 
thorough grasp of which will be found of 
great utility in developing and extending 
this branch of analytical chemistry. Copious 
references are cited to original literature 
which will be found invaluable to the re- 
search student. One would have wished 
that all the citations were given at the foot 
of the page as this would facilitate collateral 
reading. There are one or two minor mis- 
prints such as 2*33 for 2-23 on page 32, last 

line in the table of values of - , column 

cc ^ 

4, and 0.2^ NaOH for 0.2^ HOI in line 3, 
page 140. A more comprehensive subject 
index too would have proved useful. The 
book fulfils a real need for a comprehensive 
account of the recent advances in conducto- 
metric analysis, and we have no doubt that 
it will be welcomed by all chemists. 

^ ^ 

iNTRODUCnON TO PHYSIOLOGICAL CHEMIS- 
TRY. Third Edition. Ee- written and re-set. 
By Meyer Bodansky, pp. xi+961. (Messrs. 
John Wiley & Sons, 1934.) Price 25^. 

The fact that the book has run through 
the third edition and is the tenth impression 
since 1927 stands out as a testimony to its 
great popularity. It is a well-known fact that 
the large output of research work in all 
branches of Biochemistry, renders text-books 
rapidly out-of-date and calls for revised and 
enlarged editions. While several monographs 
are appearing in various aspects of the 
subject, a text-book incorporating, in an 
eminently readable manner, the latest 
advances without losing the historical 
perspective, and yet condensed into a 
reasonable handy volume, fulfils a real want. 
Prof. Bodansky has set himself a greater 
task — that of providing to the student who 
needs more detailed information on specific 
subjects, references to literature, — journals, 
monographs, reviews, etc., — and has brought 
out a work whose scope is more than that of 
a mere text-book. All these features contri- 
bute to the extreme popularity of this text- 
book. 

The present edition incorporates several 
improvements. The references which have 
been brought up-to-date are cited as foot- 
notes and this will be welcomed by those 
who frequently resort to collateral reading. 
Several chapters have been re-written and 
those on enzymes, harmones, vitamins, 
< etc., have been enlarged and made more 
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exhaustive, so as to incorporate the more 
recent advances. 

The book is singularly free from printers’ 
errors and should iind a top place in the 
library of all physiological chemists. 

Hs ❖ ❖ 

Irwin Canal Soil Survey Eeport, 
Series I.— Introductory and General Part. 
By B. Narasimha Iyengar, b.a., pIi.d. 
Pp. 18 + 4 maps. (Printed at the Government 
Press, Bangalore, 1934.) 

The above publication refers to the survey 
of a large area of land which will soon be 
brought under irrigation by the Irwin Canal 
in Mysore State. A third of the area may 
come under a monsoon crop like paddy 
requiring continuous supply of water, another 
third under dry crops requiring occasional 
supply of water and a further third under 
others requiring intermittent irrigation 
throughout the year. 

The soil types are similar to those en- 
countered in many parts of the Deccan 
plateau. The texture of surface soils (the 
first six inches) varies from stony to sandy 
and loamy in the pale yellow to light red 
groups, from loamy to sticky in the light 
red to deep red groups and from loamy to 
clayey in the grey soil group. The stickiness 
in red soil does not seem to be due to clay 
but to a large amount of colloidal iron oxide. 
Chemical analyses show that the soils are 
generally poor in regard to the essential 
mineral nutrients, hfitrogen content varies 
from 0*0062 to 0*099 per cent., but most 
soils contain qnly between 0*02 and 0*04 
per cent. Total phosphoric acid is generally 
low and the availability, as determined by 
citric solubility, still less, ranging between 
0*0002 and 0*021 per cent. All the soils 
.would thus appear to be deficient in regard 
to available phosphorus. Potash content 
varies from. 0*0035 to 0*077 percent, and 
lime between 0*02 to 1*1 per cent. The 
reaction is mostly about neutral, the pH 
ranging from 6*5 to 7*5. Although the 
alkali content of the surface is generally less 
than 0*2 per cent., it is yet probable that 
with the altered conditions' introduced by 
irrigation, the concentration may increase 
in some of the localities. Further research 
on this aspect is needed. 

The latter part^ of the survey relates to 
a discussion of the lines along which the 
area should be developed in the future. 
Among the suggestions made by the author 
may be mentioned : (1) rapid extension of 
cane cultivation j (2) introduction of short 


season money crops ; (3) creation of 

facilities for the cultivation of cocoanut, 
plantains and mulberry ; (4) formulation 

of a drainage scheme in areas where alkali 
may tend to accumulate; (5) measures 
to preserve the cattle and sheep rearing 
industry of the tract ; and (6) creating 
facilities for co-operative marketing of 
crops. 

The author deserves much credit for the 
immense amount of work that had to be 
organised both in the laboratory and on 
the field. It may, nevertheless, be pointed 
out that some of the analytical data 
that would have thrown much valuable 
light on the nature and general fertility 
of the soils concerned are still wanting. 
There is no mention of any determination 
of the mechanical composition of the soils 
or their organic matter contents. Atten- 
tion may also be drawn to the inadequacy 
of the citric solubility method when deter- 
mining the availability of phosphorus in 
soils which are naturally rich in iron. 

5 |: 

Breeding and Improvement of Farm 
Animals. By Eice. 

Professor Eice has to be congratulated 
for getting up such a well-planned book on 
Animal Husbandry. It is lucidly written, 
well illustrated and the book itself is 
attractive. 

The two chapters on the reproductive organs 
are a valuable addition to a book like this 
on Animal Husbandry. The author not only 
deals with all the aspects of the science of 
inheritance but explains the methods of 
breeding adopted in the breeding of animals. 
The chapters on fertility and sterility are 
interesting, but the Indian student should 
bear in mind that some of the facts such as 
age at first breeding and season for breeding 
are not wholly applicable to Indian condi- 
tions. Prom the scientific side of inherit- 
ance the Johnson theory of pure line has 
not been elaborated probably because it can 
be got from books like Genetics hi relation 
to Agriculture by Balcock and Clausen and 
others. While he has brought up to date 
most of the work on sex determination, due 
weight has not been given to authentic 
cases of sex reversal in poultry. 

The chapters describing the methods of 
breeding and grading, cross-breeding, in- 
breeding and selection will be very useful to 
both the teacher and the student of Animal 
Husbandry. The chapters on development and 
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iittiiig for sale and selling are useful to the 
stiulent. It is surprising that more detailed 
information is not given with regard to 
artificial insemination on which a great deal 
of work is being done in Eiissia and some 
useful work is being done both at Edinburgh 
and Cambridge. The chapter on breed 
analysis and the four appendices, [a) Bio- 
metry, {b) Inheritance of Farm Animals, 
(e) Livestock Eural Association, and {d) 
Supplementary references will be useful to 
the research worker. Inheritance in farm 


animals is by no means complete nor do they 
all apply to Indian stock. The remarkable 
omission is the work by Buchanan Smith 
and his co-worker on the inheritance of milk 
in cattle. In the Jersey they have noticed 
indication of sex linkage for milk i^roduc- 
tion — a very useful finding for the dairy 
cattle breeder. 

This book will be found very useful to the 
teacher and student of Animal Husbandry 
and it should find a place in every Agri- 
cultural College Library. 
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Forthcoming Events. 


Lucknow University, Faculty op 
Science. 

Special Lectures, Session 1934-35. 

Feb. 5, 0, 7, at 6-30 p.m. Biology Theatre. 

“ The Distribution of a Simple Epidemic 
Disease.” By Mr. J. A. vStrang, Professor of 
Mathematics. 

Feb. 9, 10, 11, 12, at 6-30 p,m. Biology Theatre. 

“ The Theory and Construction of Non-cliff erenti- 
able Functions. ” By Dr. A. N. Singh, Lecturer 
in Mathematics. 

Peb. 13, 14, 15, at 6 p.m. Chemistry Theatre. 

“ Internal Secretions.” By Dr. S. E. ^aheer. 
Header in Chemistry. 

Feb. 16, 18, 19, at 6 p.m. Chemistry Theatre. 

‘‘Artificial Colouring Matters.” By Dr. S. M. 
Sane, Eeader in Organic Chemistry. 

Peb. 23, 24, 25, at 6-30 p.m. Chemistry Theatre. 

“The Orientation of Molecules and Surface 
Reactivity” (Illustrated). By Dr. A. C. Chatterji, 
Lecturer in Chemistry. 


Peb. 26, 27, 2S, at 6-30 p.m. Biology Theatre. 

“ Parasitic Worms and Disease” (Illustrated). 
By Dr. G. S. Thapar, Eeader in Zoology. 

Electrical Engineering Society, 
Bangalore. 

(The lectures will be delivered at the Indian 
Instihite of Science at 3-0 p.m.) 

Jan. 30th. “ Frequency Multipliers.” By Mr. 
N. E. Junnarkar, b.e. 

Feb. Gth. “New Statistics.” By Mr. M. K. 
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Feb. 27bh. “ Recent Advances in Carrier Current 
Art.” By Mr. S. P. Chakravarti, M.sc., D.i.c. 
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Our City Streets. 

LMilVV will doubt the fa(‘t that the average 
^ ina.il ill the present enjoys greatW 
(*oinrort,>s and a distinctly liigher* standard of 
lih^ ihaii his predeccvssors in the past. 
(J(OHU‘ally speaking:, science has made it 
a,l)undantly possible to prolong Imman life 
\vhi(‘.li is now less subject to disease, 
ainl it.s <lis(a)V(‘ries have b(^en used to place 
ajiuisiaiKud-s and. light instruction practically 
within the r(‘ac.h of all. Transport has now 
be(*oin(‘ ra,pid and fairly safe, and the increas- 
ing a{)pr(‘(*.iation of such amenities by the 
pulilie supiiorts huge industries, which pro- 
vide (‘inployinent both, for skilled and nn- 
skilhMl labour. But it is equally manifest 
that, the nuH*hani(*.al invcmtions which have 
r(Midc‘r(Ml all tliese things possible have also 
introduecMl certain grave and objectionable 
f(‘atures into our lives. It ' mu.st be 
reiiKnubenal that every material device, 
which dist.inguish(‘s the present age from 
th(^ hist, is invariably noisy and sometimes 
(‘V(‘u fra.ught with dang’er to the public 
when incautiously handled. 

T]u‘ s(.r(‘(‘t.s a.ri(l roads in Indian cities are 
b(‘Coming uoisiin* every y(‘ar, but there is 
still no g(Mi<u-al com}>laint that the noises 
hav<' Ix'guu to aff(H‘.t human nerves and 
h(‘ulMi. In India the street noises are 
(*.()mpa.rativ(‘ly a milder nuisance, but the 
da.ng(u* t-o public lu^aH h, produced by the in- 
sa.nita.ry (*.on<Utions of the streets and the dust 
ra.is(‘d i)y th(‘. fast-moving vehicles, is always 
grav(', a, ml is not mitigated though most of 
tli<‘ princ.i[)al tlioroughfares arc asphalted, 
India.!! towns and cities wliich were built in 
a.nc.i(Mit. t.iines satisfy lun'tlier tlie principles 
of !!U)d(U‘u t-own jdanning nor the liygienic 
!*(‘quir(‘!n<mts of (dlicient and healtlifiil urban 
lif(‘. Th(‘. ch.i.(d‘ (*onc(U‘n of the early builders 
was obviously to ensure^ protection for the 
l.owns against tlK‘. aggressions of invaders, 
and with this ()l>j(‘ct the h()ns(\s were built 
<a)!it.igii(>usly and tlH> roads were purjiosely 
made narrow and tortuous. In the early 
(‘(uituries wlum public life in India was 
frequently disturbcxl by the conflicts of 
rival parvenu cliieftains, the mortal anxiety 
of t.he people was to protect their person 
and })ro])erty in thick mud houses with small 
doors and smaller windows, and all built 
as near to each other as possible. Whether 
this mode of defence secured immunity from 
tlie raids of lawless criminals and free- 
booters might be doubted, but it is certain 
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that these types of buildings which effectually 
shut out air and light, laid the foundation 
of recurring epidemic diseases. The estab- 
lishment of peace and security in the country 
under the British Eule has stimulated the 
expansion of trade and favoured the rapid 
multiplication of population, biit till recently 
it has not ahected the physical structure of 
towns and cities. The European community, 
which lived beyond tlie city limits from the 
time of Company Administration, could hardly 
visualise the unsatisfactory conditions under 
which the native population flourished, and 
even to-day the administrators of the country 
have only a vague apprehension of the 
squalor and maladies which afflict the 
extremely insanitary and congested quarters 
in the heart of towns. The intention under- 
lying the transfer of municipal administration 
to local self-governing bodies is certainly 
entitled to praise, but the successful accom- 
plishment of the task confronting the 
municipal commissions demanded knowledge, 
training, experience, imagination and finan- 
cial resources which the councillors did not 
possess. In spite of such inadequate equip- 
ment, Indian municipalities have done a 
great deal towards improving the conditions 
of areas in their jurisdiction, but if more has 
not been done it is not their fault. The 
civic population has to co-operate and 
appreciate the efforts of municipalities in 
securing the amenities which make life 
enjoyable. 

The introduction of motor cars, buses, 
lorries and trams into Indian cities without 
previously replanning them to receive these 
fast-moving vehicles, must naturally be 
attended by danger to public safety. This 
danger is two-fold. Modern traffic in the 
cities and towns has created a new environ- 
ment to which the Indian population was not 
accustomed, and adaptation to it must be a 
question of time and long usage. The users 
of these new types of powerful automobiles 
only see in them machines made to give them 
comfort and speed, and hardly realise the 
potential damage they are capable of inflict- 
ing on the unwary public. Accidents under 
such conditions are bound to occur. Till 
the use of motors became general, the dust 
problem of large cities and towns used to 
assume menacing proportions only periodic- 
ally just about the months when heavy- 
winds continually swept over them, bringing 
in their train all manner of diseases. The 
recent preparation of certain roads for motor 
traffic has not^ howeyerj abated the acute- 


ness of the problem, but on the other hand, 
the trouble has become more or less chronic. 
The tarred roads are always covered by 
a thin or thick layer of dust according to 
weather conditions ; and the droppings of 
stray animals and the human defilement of 
streets and roads constitute a source of 
perpetual danger to public health. The 
unfortunate pedestrians are practically 
compelled to inhale the air heavily 
charged with them when disturbed by 
the passing cars, buses and trucks. What with 
the congestion in the towns and a continu- 
ous shower of unhealthy dust raised through- 
out the day, it is no wonder that the public 
health of large cities and towns is unsatis- 
factory all the year round. If every citizen 
will only take the minimum trouble, he has 
the means of protecting himself and his 
family from the dangers arising from dust 
on the one hand and from accidents on the 
other. 

Almost eveiy Hindu household in India 
used to observe till recently the custom, 
amounting almost to a religious practice, 
of washing with water the section of the road 
immediately in front of the principal door, 
both in the morning and in the evening, 
and to decorate the washed portion with 
elaborate decorative patterns with rice flour 
or quartz powder. The practice at one time 
was so general that even traders and 
merchants used to sprinkle the roads in 
front of thexr shops with v/ater. This simple 
practices which was universal had the desired 
effect of mitigating the dust nuisance and 
cooling the air, hut it has now almost dis- 
appeared. If it could be revived and the 
vrashing of the street could, with charity, 
he extended to the limits of the neighbour- 
ing houses, real public service of immense 
hygienic value, would be rendered by every 
household, and the sanitation of the whole 
town would thus easily be secured, a I* least 
in part. The habit of throwing into the 
open streets offal and other rubbish, and 
the commi.ssion of nuisance in the close 
proximity of residential peaces at night and 
sometimes during the daytime as well, have 
developed recently to a tormenting pitch, 
a.nfl this is almost entirely due to the fact 
that the sen.se of decency and a correct knov'- 
ledge of the harm done to public health by 
such acts do .not form part of the mental 
equipment of the average citizen. People 
have to realise that these acts are deadly 
sins whose effiects are vis.i.ted on the residents 
qI the whole street, and, that food thrown into 
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(Iniins su])n()ris the unwaiuted ijojuilatioa 
of sti'ay a.niinals wliieli eoTitainiiiato' the 
siirronndiiiii's. besi(i<\s heuiij; a niiusane.e in otlan* 
'.va.ys. A str(‘el riadcint;- with evil sniidl 
and full of haaiHaitiiiii' lH^a,p.^ ol‘ rn])bi.'^h must 
n(‘('(‘ssarily iiiala^ intohn'ahle, and ulti- 
nia.bdy <l(‘stroy a‘stheti(' s(‘ns(‘. Disposal 
of eilv refuse must, a.i, all iinu^s, ])e. a. hi^- 
prohhmi for iiiuni(*ipahi,ie.s, but if f^very 
*a)US(‘ s(‘ts a,{)a.i’t a p!ae(‘ when' it is burned 
ev(U'y day (he hyuh'nie. (‘ondilion of (lu' stna't 
is (‘asily a.nd aiutonnd (('.ally S('eured. This 
inusi (‘va'iil uahy h'ad t.o I lu' diiuinution of 
lli(' nnndx'rs of stiray aiiiimals, and if siimil- 
laru'ously the Ix'yypir pro])l(‘ni is solvrxl by 
th(‘ (‘oinbiiu'd ('(Tor(,s of tlu' Mnniei]>alities 
jind ( b)\’(‘rnin('ni. thi' dusi. on tin' city streets 
wiU undoid)(,{'dly b(‘C.onie h'ss oiT('Tisiv(^ and 
(hiny’i'j'ous. It is a duty which evi'ry citizen 
ow(‘s (.0 ]iims('lf a,nd to the c.omnuinity at 
Ia.ri.»:(‘ to ke(‘]) his [U’c'niises a.bsolut(dy 
sa.nitary, and it is almost fa.tal to suppose', 
(had i( is his privilege to delih'. the streets 
a,nd that: it is Du' work of tlie municipality 
to tidy thini>s for him. Every sanitary 
orh'Mcc* (*.oiumit.t(‘d is an oilence against 
liunianil.y . 

S(*hoois a.nd college's have to develop 
(his iniinicipa.l se'iise in tlie minds of the 
youug<*r ge'iu'ralion. Large factories and 
business organisations which employ numer- 
ous worknu'u should insist on tlie strict 
ol)S('rvanc.(' of sanitary ruh'S by the mill 
ha-iids. The ]>o(ict‘ (anistabh'S on traflic duty 
and e)(,h(Ts whctlu'r in uniform or mufti 
should b(‘ warm'd to ki'cp an eye on likely 
oflVmh'rs, and (hi' iH'alth eiiliccrs of municipal 
corporations should lx- (‘Xtrc'inely vioilaut 
in (h(' (‘xercis(‘ of (in^ fx)wcrs v^'sle'd in tlu'in 
t(> pro,s(‘<ai(,t' pc'Oj k' niis(‘onductiiig thcms<'lv('s 
freun the vii'wpoini. of eh'eeiH'.y and ])ublic 
iH'alth. Bn(, (‘ve'ry one of these ])reveutive 
a.iul j)iim'sha.l)h' nu'a/sures can be eva<dc(l by 
1.h(' pe'oph' if (hey choose, and if tlicy arc no(. 
{\ee\ ly c()uvin<*<‘d that, the health, and the'. 
we'lhlx'ing e)r (he' (.own are', their own making. 
If by a, de'( e'l’iniue'el edTort ('ve'ry honse'hohler 
in tlu' l.e)wn we're to take' me'.asurt's caleuilate'd 
le> ke'e'p his pre'inise's c-le'an anel wliolesome, 
(he'll lu' huis a right te) ask for protection 
aga.ins(. the' noise anel accielents due to 
re'e'kh'ss a.nel ne'glige'iit motor traedion. 

It, is tnu' that the volume of motor traffic 
in Indian (‘.ities has not assumed alarming 
jireiportions, but alre'ady tlu^ notse from this 
sourex' is as acute'ly disturbing to the nerves 
as its Sliced is (causing anxiety feir public 
safe'ty. Noise is to a large extent a subjec- 


tive phenomenon, and reaction to it must be 
temperamental. Eesponsible medical opinion 
is agreed that, in general, noise is bound to 
produce serious effects, especially in the case 
of mental workers, young children^ the 
nervous, the fatigued and the sick. The 
investigations of the Industrial Health 
-Research Board in Britain have obtained 
t'Oiielusive results in regard to the effect of 
noise on industrial output. We cannot 
accept the statement usually made that the 
human system may become so accustomed 
to noise that we may cease to regard it as a 
nnisance. Hoi, sc is always distracting and 
may even become nerve-racking. It is a 
real menace to the efficiency of labour in 
every held, and the public is entitled to 
demand protection. In Indian towns and 
eities the road noises are bound to become 
troublesome in view of the peculiar type of 
structural material employed in the building 
of houses which are generally continuous. 
To judge by the evidence obtained by the 
HTational Physical Laboratory, the structure- 
borne disturbances travel to the buildings 
from the source for great distances, manifest- 
ing themselves on meeting resonant walls and 
rooms. Indian homes built on the old style, 
by their position with regard to each other 
in th(? same row and to those on the opposite, 
seem to be exquisitely adafjted to receive 
every kind of noise and transmit it to the 
contiguous and opposite structures. Street 
noise has always been one of the minor 
borrors of Indian life, which, through ages 
of its insidious- influence, has slowly under- 
mined the physical and mental efficiency of 
the general public ; and the problem assumes 
a grave aspect in view of the aggravating 
causes introduced by motor traffic. 

The statistics of mortalities, published 
periodically by the Ministry of Transport, 
due to motor accidents even in European 
cities which have been replanned for this 
new mode of locomotion, and where generally 
people, are alive to the dangers of indolence 
on the roads, must cause grave anxiety ; and 
in the streets of Indian towns which are 
narrow and full of ruts and pot holes, and in 
which people move both slowTy and incau- 
tiously, automobiles are capable of inflicting 
greater damage. The causes which are 
capable of producing accidents in India are 
far more numerous than in any country in 
Ifjurope or America. The streets teem with 
a variety of stray animals which sometimes 
effectuaily barricade the road, and some of 
them have an inveterate habit of going off. to 
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sleep in tlie centre of thoroughfares. On 
account of the extremely congested quarters, 
children make use of the streets as their 
playground, and they generally become reck- 
less to traffic conditions in their enthusiasm 
to pursue their games. School boys and 
college students ride their bicycles four or 
five abreast or walk in large bunches absorbed 
in discussing metaphysical problems, and 
totally oblivious of the traffic dangers through 
wdiieh they are passing. Vendors, hawhers 
and beggars, generally blind and defective in 
other respects also, are ahvays in evidence 
tending to augment the general confusion. 
People from the villages, ignorant of traffic- 
rules and intent more on admiring the 
interesting sights of cities which they visit 
cccasionaily, than on protecting their persons, 
are a grave menace to motor traffic. The 
vehicles drawn by animals such as bullocks 
and horses which ply on the narrow streets, 
are another cause of frequent accidents. 
In tlie larger cities like Calcutta, Bombay 
and Madras traffic has gradually come under 
the control of the police, but in the towns 
the offending public is prone to discuss 
matters with the traffic directors. 

Motorists are not saints. The greatest 
danger to pedestrian traffic • arises from 
nervous drivers and young people in charge 
of the wheel. The nervous motorist is 
always caught between twn minds as much 
as the confused pedestrian in a critical 
situation, and the youthful drivers do not 
recognise the fact that spare parts of the 
human body are not procurable. The 
number of motor vehicles on the Indian 
streets and roads has not yet reached 
saturation point, but nevertheless the annual 
increase of cars, buses and trucks must 
directly ^ aggravate the menace to public 
safety -and well-being, unless steps are taken 
tc protect the people. 

- It seems to us. that the Road problems 
both in their m.agnitude and importance are 
sufficiently complex and serious to warrant 
the creation of a Ministry of Transport in 


each Province to deal with every aspect of 
traffic. These problems arc at one(‘ scientific 
and psychological. The existing practice 
of dealing with them ])artly through the police 
department and partly through the munici- 
palities must be empirical. This new" 
Ministry of Transport must b(‘ attached 
to the fSToise Abateiuent Commission and 
Industrial Health Research Board, stalTed by 
ph3"sicists, psychologists, physicians, lawyers 
and engineers. It may be said that proposals 
of this nature are premature, because in 
Indian cities the problem is not so serious as 
in London, Ncw^ York, Paris and Berlin, but 
the level of noise and accidents is bound to 
rise year by year, and wise statesmanship 
should not wait till the torment becomes 
ungovernable. 

The efforts of Government alone will not 
be adequate to grapple with the road prob- 
lems, and the co-operation of the people 
is inclipensable for their satisfactory solution. 
Every towm should have a People’s Health 
League for securing protection of the public 
against noise, dust and accidents. The 
league wdien established might find it advan- 
tageous to Avork in collaboration with the 
educational institutions. It- is the younger 
generation who stand in most need of imbib- 
ing the principles of public health and cultivat- 
ing road courtesy and a cheerful adher- 
ence to law. It ought to be the imperative 
duty of Scout and Rover corps to utilise every 
opportunity of assisting the deformed beggars 
and unsophisticated village folk w'-lienever, 
either out of ignorance or incapacity, they 
trespass the rules of traffic. Every member 
of the Health League, and all the Scouts and 
Rovers should be invested with pow'er by 
Government to bring to justice olTenders of 
traffic regulations and public decency. A 
clean and wholesome street implies sweet and 
hygienic homes and botli are an insurance 
against epidemic diseases. The task of 
fighting them is largely in the hands of the 
people themselves. 


Physica/' 


T he new" Butch Scientific Journal Pln/sica 
has entered upon its second year and we 
have received the first number of the second 
volume of this valuable publication. It was 
started with the object of giving greater 
pubheity to the work of Butch physicists 


and the articles are published in English, 
French or German. The Board of Editors 
consists of such well-known physicists as 
P. Zeeman, B. Coster, W. J. de Haas, W. IE. 
Keesom, L. S. Ornstein and H. A. Kramers. 
As is to be expected from such a list of names, 
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Mu‘ app(‘ti,rins>’ in the Journal arc of 

iin})()rtari(‘.e and interest. Particnlar 
intcn-(\si, aMiK'ho.s to tlic rosiilts obtained in 
t.h(‘ cryo^'caiie la])ora1i()Ty in Leyden, tlie 
nieasunoiuailns of inttnisities of spectral 
Htu's initiat.ed by Ornstein and th(‘ X-ray 
sludi(\s of 1>. (\)st(vr and his pupils. Tn the 
issu(‘. bc^fore us \xc liavc accounts of X-raj^ 
st.udies from I>. (h)ster’s laboratory and ol‘ 


low temperature research carried out at 
Leyden. The Utrecht School is also repre- 
sented. J. P. Schouten has an interesting 
note on a theorem in the operational calculus. 
We may confidently say that the high stan- 
dard reached will be kept up in succeeding 
numbers- We wish the Journal a long and 
useful life. 


Frost Hazard in India. 

By L. A. Ramdas, im.a., Ph.n., 
Meteorological Office, Poona. 


rpilhl fjirmer knows how de])endent his 
cro])S ar(M)n \v(‘at her conditions. A good 
yi(‘ld is ({(‘ptMident, amongst several factors, 
upon ji suiru'ient (luantity of rain, suitably 
distributed, during the growing season, as 
w(‘ll as ui)on a fa-vourable sequence of air 
tianixu’aJure, humi<lity, soil temp(‘.rature, etc. 
Lxp(‘ri(‘n(H‘ t.(dls us that there are optimum 
valuers for th(‘S(‘ fai(‘tors and that (‘xcessive 
rain or drought, iutKUis(‘ly hot or cold waves, 
(*xt.r<‘m(\s of humidity or dryness, are all 
(‘({uailly dang(‘rous to a. growing crop. In 
tlH‘ pr(‘S(Mit not.(‘ shall eonline our atten- 
tion 1,0 t h(‘ a.dv(U’S(‘ (‘rhu'tus'’* of cold waves in 
Imlia a.nd tlu^ frosts which, occur during 
their ineiden(:.e. 

\ i may Ix^ point.ial outi that the phenomenon 
of frost' is (‘ss(vntiahy a radiationt pheno- 
uuuion during ('h‘ar niglit'S and o(*.curs about 
th(‘ t‘j)o<*h of minimum txaujierature. In 
Iow(‘r la.titiid(‘s lik(‘ ours lh(‘ soil is usually 
warnuu’ tluui th(‘ air laycu* abov(‘, it' so that 
the hitt'Cr ha.s to ('ool by r‘a,dia.tion t.o the 
eold(U’ air ma'SS(‘S in tlu‘ ui)p(U‘ a'l'inosphere. 
If tlu‘r(‘ is air nio\'(nn(‘nt' U't' night th(‘, strati- 
rK*a'tion du(‘ to ra'dia,t'iv(‘ ('.ooling is upset 
with th(‘ r(‘sult' \\vM> t'lu^ air tem})erature 
will not hill a.s ra.pidly UiS when t'h(‘, air is 
sta'tiomiry. Dining wint'(‘r at most; places 
tlu‘ nuain U'ir t.(‘mp(U‘a.t'Ur(‘ at- sunsd; is too 
high for nod'iirna.l e-ooling (weu during 

t\)r t\\9 ) i nt in'tNl.i ng a,f<*,i)iitits of the daniivge 
to crops (1 uriiig frost' scM.’i Bulletin No. 1()5 

of in:K) by K. V. .Joslii, I )i‘i)a,rl'nuuit of Agri- 

ur(‘, Hoiuh.'i.)', and a,n a,rticle on '’Phe Klfect of 
Krost- on soiut^ cu*ops at Pusa, ” by K. D. Bose, 
Agrlculliire mul .Uvc-slock in India, 1933,3, 55;.>. 

t Tlu‘ loss of hea,t. by i^idialion experienced by a 
laytu* of a,ir during t night depends upon the 
amount and distribution of water vapour in the 
atmosphere. This problem is being discussed in 
a fortlicoming pap<n*. 

2 


favourable nights to cause frost on the next 
morning. This is, however, possible on 
days when the temperature at sunset is 
sufficiently low, e.g., when the country is 
invaded by a cold wave from the north. 

The northern parts of India are visited 
by cold waves during winter. The cold 
waves usually come in the wake of the 
western depressions which enter India, at 
intervals of about a week across the north- 
west frontier and Baluchistan and move 
eastwards tlirough the Indo-Gangetic plain 
towards the north-east frontier of India. 
The origin and structure of the winter de- 
pressions have been the subjects of many 
investigations, notable contributions having 
been made by Hemraj,^ Walker and 
Kameswara Rao,- and recently by Banerji.^ 
It is now an established fact that the winter 
depressions which invade India are associat- 
ed with the family of depressions which 
originate at the partition in the Atlantic 
regions betw^een the warm and m.oist equa- 
torial air and the cold air of the higher 
latitudes. 

Th(^ ax)proach of a winter dex)ression is 
herahhxl in North India by the appearance 
of high (douds, and the rise of air temperature 
associated with air movement from the 
south. Later, the clouds lower and drizzling 
weather ensues. So long as a place hes in 
tins 'Varni” sector of a depression there 
is no likelihood of a conspicuous fall in 
temperature. The passage of the ‘"warm” 
sector eastwards is followed, however, by 
the ‘‘cold wave” during which northerly 

^ Indian Meteorological Memoirs, 21, Part 7. 

2 Ibid., 24, Part 2. 

2 Meteorology oj the Persian Gulf and Mekran, 
by B. N. Banerji ; special brochure published by 
the Indian Meteorological Department. 
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cold winds pour into the country. The 
cold wave in its turn extends or moves (east- 
wards across the coantry, weakenin<>‘ in i.he 
meantime. As soon as anoilun- west(ei*n 
depression approacduvs the north -w(‘st 
frontier the temperature begins to ris(^ 
rapidly. 

The intensity of a cold wave as well as 
the extent of the c-o untry which it alTecd.s 
depend upon a number of ■ia(*-tors, cjj., the 
intensity and area of the depression with 
which it is associated. Sonuhiimes, the anti- 
cyclone ov(^r Tibet and Mon^>’oUa wliich is 
the main reservoir of cold air for Asia is 
itself shiftcid westwards towards Ei]roi)e, 
and if at the same tim(‘- a d(‘.ep western 
depression passes through Persia and North- 
West India, a very severe cold wave sets in 
behind the depression. The plumomenal 
cold wave which visited India during the 
period 30-1-1929 to 3-2-1929 was of this 
type. 

In most years the cold waves affect only 
north-west India and the adjoining parts 
of Sind, Bajputana, the United Provinces, 
Central India and Gujarat. • During un- 
usually intense cold waves even the Bombay 1 


l)(W,c.an is alT(H*i(‘(l. a.nui. (o Mi<‘ south 

of latit.ii<l(‘ IS" N. is })ra,eti(‘;illy fna^ from the 
a(lv(u*s(‘ (vlT(‘('.ts of ih(‘ ('old \v;tv(‘s (‘vmi on 
su(*h o(‘(*asions. 

Pig. 1 shows lh(‘ nornuilj: dally rniniminu 
temp(wa.tun‘ ovm* India, during I1 h‘ mouth 
of rJaniniry a.s n‘<'.or<l<‘<! inside* lh(‘ s(.a,ndar<l 
scr(H*n or sIumI. ''riu* nonna.l sliadi* miniminn 
tem[)(M*a.tur(‘ is 10" h\ a.nd abov(‘, pra-clh'-ally 
ov(‘r tin* whoh* of Indiai (‘xet'pting i lu* moun- 
tainous tracts U) lh<* iiorlh. 

Pig. 2 sliows tlu‘ lowest, minimum t.(‘mp(*.rii- 
ture in the sluuh* n‘('ord('(l up to 1920. This 
(diart in(li(‘.at(‘s ttiat. in llu* la'gion lying to 
tlie nortti of latitinh* IS" N. Mu* mininuun 
temp(‘.ratiir(\H may som(*tim(*s fall l>y 20" P. 
b(d()w tin* normaJ for daiumry wlu'naus to 
th(*. south of t his latiit.mh* tin* lowi'si. mininuun 
t(unp(‘raiair(*s a.u* only a.bout. 10 ' Ixtow tlu^ 
normal. 

It must b(‘ r(*m(unl)(n’(*(l, how(*V(‘r, that 
the t(nnp(*rat.ur(* rcn'ordiMl by a. minimum 
thormom(d.(*r insiih* a serixm at. 1 ft-, will be 
higher than the t(‘in|)(‘rat-ur(* rca'.ordcHl by a 
similar instrument. (‘xposcMl t.o tin* sky and 

X Based on data up to 1920, 
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Extreme Minimum Temperature 



2m 


the ground surface. In studios on frost, 
we are concerned with the temperature 
attained during the night by objects near 
the ground which are exposed to the sky 
but which are thermally insulated from the 
soil. Such bodies usually radiate out more 
heat energy than they receive from the 
sky or the ground or by contact with the 
surrounding air. 

A measure of the lowering of the minimum 
temperature in the open near the soil surface 
below the minimum temperature inside the 
screen at 4 ft. can be had from the nocturnal 
radiation temperature measurements made 
at a few selected stations in India for a few 
years. Table I gives the depression of 
monthly mean nocturnal radiation (minimum) 
temi3eratures below the mean minimum shade 
temperatures for the month of January. 

On an average the depression is of the 
order of 10° F. in the month of January. 
Using similar data for other months Mr. 
Ananthapadmanabha Kao has prepared 
charts of India showing the frequency of 
occasions when the minimum temperature in 
the open fell below certain limiting values (tuc:., 
below 34° F., 32° F., 30° F., 28° F.) during 


Table I. 


Name of 
Station 

Mean 
depres- 
sion °F 

Name of 
Station 

Mean 
depres- 
sion °P 

Murree 

10-9 

vSibsagar 

5.2 

Lahore 

9 • 5 

Nagpur 

13.4 

Ludhiana 

10*1 

Deesa 

8.9 

Jeypore 

9-8 

Bombay 

10-1 

Mount Abu 

16-5 

Poona 

13-2 

Kanikhet 

13-I) 

Vizagapatam 

11.8 

Ijucknow 

8-7 

Madras 

3.9 

Allahabad 

11.4 

Wellington 

8.0 

Hazaribag 

9.9 

Rangoon 

7.4 

Calcutta 

9.2 

I.eh 

11.8 

Saugar Island 

9-3 

Aden 

3.1 

Dhubri 

7 • 4 




the period 1920 to 1929. Fig. 3 shows the 
total number of occasions during this period 
when the minimum temperature in the 
open fell below 30° F. in different parts of 
India. From this chart it may be seen 
that the number of days in January 
when the minimum temperature in the open 
may be expected to fall below 30° F. will 
be roughly as given in Table II. 
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Frequency OF Radiation Minimum 
Temperature Below 30T 
January 



Fig. 3. 


his associates'^*'^ have found that even 
at the minimum temperature epoch in winter 
the temperature of the hare soil surface is 
higher than that of the air in contact with 
it and that the lowest air temperature occurs 
at some height above the ground. This 
level is usually about 6" above the ground 
in the open and between 1 to 3 ft. above 
the ground inside crops, depending upon 
the plant population and lieight of the crop. 
The above results are obtained inside both 
irrigated and unirrigated crops. These 
temperature measurements were taken with 
the Assmann Psychrometer at the Agricul- 
tural MeteorologicalObservatory in the Agri- 
cultural College harm, Poona, and refer to 
the air temperature. Padiation minimum 
temperatures taken with the help of ‘ ‘radia- 
tion minimum thermometers” exposed at 
various heights above the ground are found 


^ Biimdas, h. A., and Atmanatlian, S., Garlands 
Beitrage Zur Geophysik., 1932,37, 116-117. 

s Bamdas, L. A., Kalamkar, B. J., and Cadre, 
K. M., Indian Journal of Agricultural Science, 
193P 4, 451-467. 


T,4Ble it. 


Area 

i 

Nuniber of days 
in the month of 
January when 
radiation mini- 
mum tempei*a- 
ture is likely to 
fall below SO'^P. 

1. Kashmir and adjacent areas 

20 days 

2. Punjab (North) 

10 to 20 days 

3. Punjab (South) 

5 to 10 days 

4. Sind (excluding coastal 

tracts), Bajputana, Central 
India and \\hst United Pro- 
vinces, 

1 to 5 days 

5. Bombay Deccan, Northern 
portion of H.E.H. the 
Nizam’s Dominions, East 
U.P., Bihar and a portion 
of North Bengal 

0 to 1 day 

6. Rest of Peninsula including 
the coastal districts of Sind. 
Kathiawar and the plains 
of Bengal 

Nil 


So far we have been considering the 
radiation minimum temperature 2 or S" 
above the ground. The present writer and 
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tx) b(‘ lower tliaxi tlie As.^mann readings but 
tli(\v also behave similarly, the lowest 
1oTn])(‘ratiire is recorded by the instrument 
lv(‘pt a Jew inches above th(^ ground and not 
tlie oiK^. near(\st to the ground. Table III 
gives the mean values of the. soil surface 
tern])(‘rature (minimum) and tlie air tempera- 
tnr(\s (taken witli an Assmann Psychrometer 
at th(‘ minimum tem])erature epoch) as well 
iis tli(‘ radiation ixiinimum tem|)eratures at 
diHeri^iit. luught.s above ground for the 
montli oT fJaniiary 19H4. 


TAm.K III. 


II(‘i^ht above 

L'TOUIKI 

Air T(*in“ 
[)(M*atu re'’F. 

Radiation Minimum 
Temperature ‘^F. 

0 (soil svirfac(‘) 

51 .2 

51-2 

().4 " 

48 • 0 


1" 

47 • 1 

44-2 


46 • 8 

43-5 

V)" 

4(5 • 8 

43 -9 

1 ft.’ 

46-9 

14 • 1 

3 ft. 

48- 6 

44 • 5 

The 1 ‘adiation minimum 
temperature over a 
^rass i)lot, at a height 
of about 2" above the 
soil surface was onlv 
41-8 "F. 


In the caUmlation of the means in the 
abov(‘ tabl(‘ for the month of January 1934, 
a. lew cloudy days have also been included. 
On (\speciany clear and calm nights the 
t (‘mi)(U‘al.ur(‘ contrast b(‘tween the layer 
of coId(\st air and th(‘ air layers above and 
b(‘low it. is much more pronounced. A few 
siK'h instauc(‘s ar(‘ giv(m in Tabh'. IV. 

T A HI, 10 IV. 


lleigbi 

ahov(‘ 

Air t(Mnp(‘ra,i.ur<‘ in, ‘ R. at the minimum 
tc‘mp(M’atiir(^ (‘pocdi taken with an 

A ss u 1 a.nn Psych ro meter 
in .L'luuary 1934 on 

gromul 

1 

1 

13 

1 

M 

u I 

20 

31 

0-F 

14.8 

3().0 

33.8 

40 -I. 

46-0 

37-0 

\" 

43.3 

34 • 7 

.32-9 

37 . 9 

44 • 6 

34*0 

3" 

43.0 

:m ■ 0 

22 - 0 

37-2 

43-7 

33*8 

{)" 

42*6 

34 • 0 

32 . 9 

37- 0 

42* 8 

38-8 

1 ft. 

42 • 4 

31 . 0 

.Ti • i) 

37 . 4 

44.6 

33’ 8 

2 ft. 

11 ‘ 1 

35.2 

32-9 

37.8 

45.7 

35-4 

3 ft. 

45.0 

35 . (> 

33 . 8 

40-5 

46.4 

37.4 

4 ft. 

45.5 

35.8 

Frost 

observed. 

35-2 

41 -7 

47-7 

37.4 


Cold Wave Warnings and Protective 
Measures. 

From the daily weather charts it is general- 
ly possible to give prior warnings for the 
incidence of cold waves. Such warnings 
were issued by the Forecasting Section of 
the Meteorological Office at Poona, to Mr. 
K. V. Joshi, Tleputy Director of Agriculture, 
FTasik, well in advance of the cold waves 
which a;ffected his area both during January 
1934 and 1935. Mr. Joshi had made arrange- 
ments to disseminate the warnings prompt- 
ly. The grape-growers of this district 
are reported to have appreciated these 
warnings as they could attempt to take 
some precautions to safeguard their crops. 

The series of charts in Fig. 4 show the 
departure of the mean temperature, of day 
from normal for the period 13th to 20th 
January 1935. The passage of the cold 
wave through the country (this was associated 
as usually with a western depression) is 
well illustrated by these diagrams. It will 
be noticed that the departures from the 
normal were up to 16° F. after the wave 
entered India. 

Besides disseminating the warnings it is 
also important to tell the cultivator how 
best he may take advantage of them. 
Although suggestions for protective measures 
had been made it w'as found that the measures 
taken by the grape-growers were yevj in- 
adequate to resist the damaging effects of 
the cold wave this year. Some farmers had 
a f(‘.w dxill and smoky Jires lit up at the 
fringes of the garden and these had very 
little effect even in their immediate neigh- 
bourhood on account of the wind. The 
effect of irrigation has not been found to 
be signillcantly beneficial this year. Wind 
breaks of jowar stalks were found to be 
of no use. One or two grape gardens which 
escaped with light damage had apparently 
the natural advantage of road-side avenues 
(which served as wind breaks) or of higher 
elevation or of sloiies where cold air will not 
stagnate. 

The whole problem of frost prevention 
inside crops is one which awaits further 
experimental work so far as its practical 
aspects under Indian conditions are con- 
cerned. At present we have no working 
knowledge of the measures that may be 
economically adopted for the prevention 
of frost-damage in India. 

The main steps in any attempts to con- 
serve heat inside gardens are ; — 
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(1) Prevention of air nioveiiunit : diirini*' 
intense eokl waves in wintei* tlunn^ is fairly 
strong' air rnoveiiKnit luur {,he 
espeeially (iurin.a’ tlu' initial i)ei‘i()(l ; pro^ 
tective measures like*, (ires will not be efb'ct/ive 
unless the air movement is e.he(*ke(l by an 
adequate system of wind brea.ks. 

(2) Burning hriglii (ires in ade(][ua,te 
numbers : they should be UTiifoiauly dis- 
tributed inside the garden : to afford pro- 


[Fkuiujary 1935 


leetion to ma.rginal pUuds there* should he 
au (‘xtra lim* of liress a.t tin* outskirts of 
ga.rdiui. 

Th(* (*xp<*ri(*iu‘(* in tin* Unit<*d States of 
Anu'i'icu:, wh(‘r(* a, V(‘ry h.irgv amount of 
work on prot(*(‘tive nu*asur(*s against- frost 
ha-s b(‘(*u dom* is that otlu*!* nu‘(.h()ds Ukv 
irrigation or pUii'ing <*ov(‘rs may afford 
t(*mporary r(*li(‘f und(*r mild and slioi't, sjuvllw 
of frost, but. arc* of little*, use* during intense 


Charts showing departure of mean temperature of day from normal 
from 13-1-1935 to 20-1-1935. 
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Fig. 4r.— (Coz/ff/.) 


frosts lasting for a few days, like the one 
•wliicli was experienced recently in many 
parts of Kortk-West Tiidia^ Gnjarat and the 
Bombay Deccan. 

The actual extent and distribution of the 
damage to different crops are being ascer- 
tained and the writer hopes to discuss the 
effects of this year’s cold wave in greater 
detail in collaboration with Mr. K. V. Joshi 
and others. 

A few photographs taken this year during 
the cold wave may be of interest. Figs. 5 (a) 
and {b) show an undamaged and a damaged 
guava plant ; Figs. 5 {c) and (d) show an 


undamaged and a damaged bush of vine. 
Figs. 6 (a) and (/)) show the meteorological 
instruments kept inside the vine-garden of 
Mr. Phadatre (Nasik), and a wind break 
of dry jowar which proved ineffective 
respectively. 

The camp observatory (see Fig. 6u) con- 
sisted of one set of instruments inside a 
garden and a similar set exposed in an open 
space near by. 

The observatory was set up at Nasik 
early in January by the Agricultural Meteo- 
rology Branch with the co-operation of Mr. 

1 K. V. Joshi, Deputy Director of Agriculture. 









Fig. S(d), 

Vine affected by frost. Camp 0 

Figs. 7 (a) and {h) show the hourly 
of the percentage, humidity and t 
temperature respectively from 0800 
of the 15th to 0800 hours of the .Kith ,T: 
when the cold wave was most intense 
records were obtained from hv^^'ro-'^rao 


Fig. e(h). 

Jowar wind-break! 
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Fig. 7 . 

Itourh'" v'iviaiions of liuniidity and i.otiipora.l.\n*(‘ from 8 A.M. of 15-1-1035 to 8 A.M. of 10-1-1935 N isik 
Full lnu‘s r(‘r<*r to (‘.ondilions insiilo a sci*<M‘n k(‘pt at ^Tound level in the open. Dotted lines 
ri'hu* to conditions inside a ^rnpe <j;arden in a similar screen at ground level. * 


in()r(‘ Iniinid than out.sid(‘ a,t/ all hours and 
that t'h(‘ t(*nip(‘r‘aim’(* was l()W(‘r insid(^ the 
gardmi tlnin in tln^ oixai during th(^ day 
iioiirs but higluu' during tli(‘ night. The 
air teinp(‘radur<‘ lu^ar i.lu^ soil in the. open 
wuiS l)(do\v ^>2"' I^\ for n(‘arly live hours 
on th<‘ l()idi morning (Olilh to 0715). 
Another n<)t,i(Hnibl(‘ r(‘a.ture is Du". extreme 
dryiH‘Ss of t.h(‘ air, c.g.^ tlu^ penanitage 
limnidity was pra,(d.i(*.a,lly y.cro on tlie artew- 
noon oi‘ th(‘ Ihth. Tlu^ data eollected at 
Nasik will b(‘ diseusscal in greatew d(‘tail 
<dse\vh(u*(‘. 


Tt is lioped that in the years to come the 
joint elTorts of the Agricultural and the 
Meteorological Departments will help to 
solve the problem of frost prevention. The 
])reveiition of frost damage inside gardens 
will be more practicable economically than 
in the more extensive field crops ; a begin- 
ning may be made at Nasik where the grape 
irit(n*ests are concentrated over a small 
area. Adequate funds for detailed experi- 
ments on the efficacy of fires, wind-breaks, 
topography, etc., will be required for under- 
taking such joint investigations. 
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The Cold Wave of January 1935. 

By Dr. S. C. Koy, 

Colnha Obucrvaiory, Bombay. 


T he cold spell experienced in north and 
central India during the lirst and the 
second week of January this year appears to 
have broken all past records when both inten- 
sity and duration are taken into account. The 
cold wave of Jan.— Eeb. 1929 which created 
new records of low temperatures at many 


Indian observatories is comparable to the 
19:55. spell in intensity but lastc'd for a much 
shorter period. A (loinparat.ive statement 
of the low(‘st temi)eratures reconh'd at 
representative, stations in tlu^ plains of 
north-west and central India in 1929 and 
19:55 is given in the following two tabh's. 


TABiJi; I. 

OoLB Spkll op Jan., 1935. 


Air-Mini'mwm i ft. above Ground {°F.) 


Station 

Jan. 

12 

.Ian. 

13 

.Tan. 

14 

Jan. 

• 15 1 

,1 an. 

1() 

Jan. 

.17 

Jan. 

18 

.1 an. 
19 

,Ian. 

20 

Nuinb(U‘ of days 
wifh air-niini' 
muni b(4ow 

32" h\ 

Peshawar (N.W.F.). • 

34 

1 

29 

1 1 

32 

38 

32 

31 

32 * 

33 

32 

40 

35 

5 

Khanpur (W. Punjab) 

31. 

31 

29 

31 

29 

33 

32 

31 

29 

7 

Lahore (E. Punjab). . 

34 

31 

29 

28 

28 

31 

30 

3.1 

7 

Agra{U.P.) 

47 

44 

37 

34 

30 

28 

33 

33 

3 

Hyderabad (Sind) . . 

45 

42 I 

5/ 

38 

30 

39 

4 1 

42 

4.) 

40 

• • 

Deesa (Gujarat) 

55 

39 

33 

26‘ 

35 

4 0 

38 


Jodhpur (W. Raj- 
putana) 

44 

37 

3() 

20 

33 

4 1 

4 0 

4 1 

45 

I 

.Ajmer (E. Rajputana) 

52 

30 

34 

27 

27 

31 

35 

35 

34 

3 

Indore (W.C.I.) 

54 

43 

37 

31 

20 

34 

30 

4 I 

4 1 

31 

3 

Nowgong (E.C.I.) . . 

49 

49 

43 

35 

32 

32 

31 

29 

5 

Malegaon (N. Bom- 
bay, Deccan) 

55 

4(> 

37 

23 

^3 1 

30 

37 

■iS 

51 

. . 

Poona (S. Bombay, 
Deccan),. 

54 

50 

44 

4 1 

37 

33 

38 

•(9 

52 



QIabtjB II. 

Corm Spktj.. op jAN.-hh-m., 1929. 


Air-Minimum -1 ft. above Ground 


Station 

Jan. 

29 

J an. 
30 

Jan. 

31 

.Feb. 

1 

:b\ib. 

2 

K(9). 

3 

Nuinl (^r of days with air- 
niinittiuin b(4ow 30" F, 

Peshawar (N.W.F.) 

30 

33 

34 

2.1 

33 

37 

1 

Khanpur (W. Punjab) 

31 

27 

20 

24 

27 

30 

5 

Lahore (E. Punjab) . . 

39 

38 

29 

32 

31 


3 

Agra (U.P.) 

44 

47 

33 

29 

30 

39 

2 

Hyderabad (Sind) . , 

42 

30 

30 

3(> , 

40 

47 

1 

Deesa (Gujarat) 

4.2 

39 

34 

31 

30 

.51 

1 

Jodhpur (W.Rajputana) 

46 

35 

30 

33 

38 

40 

1 

Ajmer (E. Rajputana) 

38 

38 

27 

31 

33 

4 0 

2 

Indore (W.C.I.) 

45 

49 

34 

27 

30 

43 

1 

Nowgong (E.C.I.) . . 

50 

49 

40 

32 

22 

37 

2 

Malegaon (N. Bombay, Deccan) 

47 

54 

34 

31 

34 

47 

1 

Poona (S. Bombay, Deccan) . . 

50 

49 

45 

40 

42 

50 

• * 
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Tliose tables indicate brieflj^ tbjQ intensity, 
duration and tlie progress of the two cold 
wav(ss. It is seen from the above tables- 
that th(^ 1935 cold spell lias been worse than 
the 1929 spell botli in intensity and duration 
throughout north-west and central India 
outside. . the south-west runjab and the 
adjoining parts of Sind. 

I'lu' figui*(\s giv(‘n in tlu^. tables represent 
tli(‘ U‘niperatur(‘ of air ati a luught of about 
•1 ft. ah()V(‘ tlu^ ground but tcnnperature 
iK^air lh(‘ ground .must have Ixaui several 
<l(\gr(‘(‘s lower. Th(‘ grass-niininuun teinpera- 
tur(‘ would liav(‘ given a b(‘tt(T estimate' of 
the s('V('rity of the cold waves but such data 
a!‘(^ not avaiUibh^ for all re])resentative 
stations in India. lUdow is given a compara- 
tive' statenu'iit of tlu' air-minimum and 
grass-minimum ti'inperatun'S as registered 
at' Colaba during the last cold spell. 


Table 111. 


l .. j 

I )at('. 

Air Mininuiiu 
'Teinjx'i’ature 

(Jrass-Mininiuui 

T(‘ni|)i.‘rature 

19:*>5 

.)an. 11 

00°. 1 

•l()L5 

15 

53'^ . 1 

39". 2 

10 

51 ‘E 5 


17 

5:c’.s 

P)".l = 

„ IS 

57°. S 

I5°.T‘' 


It will b(' se'cn from the above data tliat the 
grass-minimum t('in])('ratur(‘- was about 13 
to 11 (h'grc'cs Ix'low the air-minimum 
t.(‘inp(‘rat.ur(' at. (l)laba during the cold wave. 
N('gi('c.t.ing lUKa'rta.in tie's of a. few degree's 
the' same', must. ha,ve' Ix'eu true at all otlmr 
repre'se'ut. alive' stat.ions give']i in Table I. j 


■. 3"35 


Three, pr fow degrees of frost in terms of 
the air -minimum temperature may, there- 
foi'e, really mean 15 to 20 degrees of frost 
near the ’ ground. Such a degree of frost 
cannot but be damaging to tender plants, 
crops*^ and -vegetaMseS. r^ It is, therefore, iiot 
surprising that reports of damage to 'crops 
are already appearing in the Press hut we 
may have to await further reports to form 
a comprehensive estimate of the damage 
(lone by the last cold wave. 

The results of a few soundings taken over 
Agra during the passage of the 1929 cold wave 
enabled Mr. G. Cbatterjee and the present 
writer^ to make an inference in regard to 
the origin of that cbld wave. During ‘winter 
the normal heught of the tropopause ' oveSr 
Agra (Lat. 27° N.) is about 14 . 5 'gkib.- and 
its temperature is 260° absolute- while with 
the invasion of the 1929 cold wave, the* base 
of the Agra stratosphere came down so low 
as 11-5 gkm. and its temperature rose to 
213° absolute. The conditions in the tropo- 
sphere and the stratosphere over Agra during 
the 1929 cold spell were similar to those 
]iorrnalIy found at about Lat. 40° ¥. The 
traje(*.tories of the pilot balloon flights 
indicated that the cold air came frohi the 
north-west. It w^as,- therefore, inferred that 
•the cold wave of 1929 had its origin- some- 
whm*c to tlic east 'Of the Caspian _Sea. 
Sounding ball () on data during the. last cold 
■wave ar(^- not available yet. It would'' be 
interesting if soundings over Agra during 
the last cold spell confirm the 1929 observa- 
tions. ■ ■ - 


^ Nature. P.)29, 124, 579. 

- Itiimanathixn, Naiwre^ 1929, 123, 834. (See 
PiK. 1.) 
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Modification of Swim-Bladder in Certain Air-Breathing Fishes of India.* 

By Sunder Lai ITora, D.sc., r.ii.s.K., F.A.S.n., 

Zoological Survey of hidia^ Calcutta. 


IN a general sense, the swim-bladder ol* 
i fishes performs a hydrostatic function, 
but there are many structural anomalies 
which have neither been explained nor 
correlated with any variations in the habits 
of their possessors. In 1830, Taylorf directed 
attention to the modifications of the bladder 
in certain air-breathing fishes of India, but, 
so far as I am aware, these modifications 
have not been correlated with the habits of 
the fishes. For carrying out certain pliysio- 
logical experiments, several kinds of air- 
breathing fishes were kept in aquaria and it 
was observed that different species behaved 
differently when at rest. For instance, 
Heteropneusles {--Saecohranchus) floated in 
any position with its dorsal surface directed 
upwards ; Glanas and Ampki/pnotis floated 
vertically so long as their air-chambers were 
full of air; while 0 phicephalus Anahas 
did not float at all even after taking a fresh 
supply of air in their respiratory chambers ; 
they lay quietly at the bottom for most of 
the time. For an explanation of their 
behaviour, I studied the form of their swim- 
bladder with the following results. 

With the development of additional 
receptacles for the storage of air for respira- 
tion, it is evident that some adjustment of 
the hydrostatic organs had to take place. 
In Glarias and Amphipnous, the air-cham- 
bers are at the anterior end, and as the 
habit of these Ashes is to lie suspended 
vertically for most of the time, they can 
keep the anterior end buoyant with the help 
of the air-chambers. A bladder in the 
abdominal cavity would have been a dis- 
turbing factor under the circumstances and 
is, therefore, either greatly reduced or lost 
altogether. Ophicephalus and Anahas, in 
spite of the extensive air-cavities in the 
head, are enabled to lie at the bottom by 
the extension of the swim-bladder in their 
caudal region. Thus the development of 
the buoyant chambers at the anterior end 
is balanced by the portion of the air-bladder 
enclosed in the caudal region. The long, 
dorsal tubes of Eeteropneustes replace the 


♦Published with the permission of tlie Director, 
Zoological Survey of India. 

t Taylor, J., “ On the Respiratory Organs and 
Air-Bladder of Certain Pishes of the Ganges,’’ 
Cleanings in Science^ 18:50^ 2^ 109-170, 


ventral swim-bladder whicli greatly 

reduced and onclosiid in hone. The flsh is 
enabled by the tulx^s to float or lie at the 
bottom, as the buoyant area is thus uni- 
formly distributed all over the surfac.c of the 
fish. 

The study of the estmiriiu'! Gobioi<l lisluvs,! 
all of whicli are capable of aerial respiration 
under adverse circuimstaiiices, akso lejuls to 
the conclnsion that definite (‘orndatioii 
exists between the form a,iid position of tlic 
bladder and the mode of life of the diiT<u‘cnt 
species. Glossognbins giunis^ Elcotris fumij 
Bulls hulis and Sligniaiogoblus sadaoriDidlo 
swim about freely and, though capable of 
living out of water for some time, are in the 
main water-breathing Ashes, aonl do not 
show any marked development of tlu‘. gill- 
chambers. Consocpiently, tlie swim-bladder 
is extensive and of the normal type. 
Pseudapocry pics Ian cco talus, Apocryglcs halo 
and Tamioidcs rublcundas live in deep 
burrows, usually under wa.ter, a.nd have 
developed largi^ gill-c-hairnlxu’s for aerial 
respiration under adverse^, circumstances. 
These eel-like fishes do not swim ad)out and 
when the water is foul, tlu^y ha,ng from the 
surface by distending their air-c.aviti(‘s (gill- 
chambers) with aar. Undtu* the circum- 
stances, the bladibu’ is of littU^ use a.iid, in 
consecpience, it is gri^.aldy naluccd. 
PerioplUhal/niodon , Pvricphlhalvius a-nd 
Bolcophthalmus aire abnost. stria! in 

tlieir habits and f)oss(‘SH w(dI-d(‘vclop(d 
clieck-pouc.hes for the storage of air. The 
air-bladder is abs(Mit in tduss(^ g(m<‘.ra. 

From the above it is (d(mr thal; Uk^ size 
and position of tlu^, swim-bhulder in tlslu‘sarc 
detinitely correlaf.ed with tluur mode of life, 
and the structural luodituaitions, referred 
to above, especially in t he. (*.ase of the fresh- 
water air-breathing fishes, ari‘., no doubt, 
induced by tins presemee of air-cdiambers. 
These observations hmd considerable weight 
to tho view that the jiresent chief function 
of the swim-bla<ldor is to a.(‘.t as a hydro- 
static organ, for wher<^ other structures 
have appeared to interfere with this 


X Mr. Dov Du.v Mukeuji of tlu‘ Zoological Survey 
of India is at pres(mt engag(‘d in inviLst-igating 
the correlation bctwca^ri t h(‘ structure of the air- 
bladder and the ecological factors in the case 
of Qobioifl Ashes in tlu^ O^oigetic delta, 
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function, the bladder lias either disappeared 
functionally§ orhas beeome..g-i 2 fiatly modified 
to meet the new requirements. The prob- 
able mode of origin of the typ^^f- 4 irir- bladder 
found in Anabas and OphicepJialus is dis- 
cussed below. 

The extension of the air-bladder in the 
caudal region among the Anabantidse and 
the Oiihiceplialidai is a remarkable morpho- 
logical feature of these hslies. It has been 
indicated above that they are provided with 
extensive chambers in the head region for 
storing air for respiration and, in spite of 
these buoyant structures at the anterior end, 
they spend most of v their time lying 
horizontally at the bottom. To reconcile 
these two facts, one has to imagine a type 
of fish, before the development of the air- 

\ 

\ 

? Clarias and Heieropneusles (-Saccobranchus) 
are generally regarded as mud-inhabiting fishes 
of India. Though capable of living in mud when 
the water dries up. they are by no means mud- 
fishop, for they keep floating in water, xisually near 
the bottom. It was under a misapprehension, 
therefore, that I (Proc. 17th Ind. Sci. Conr/., 
1930, 229-24:3) attributed the reduction of the 
air-bladder in these fishes to a ground habit 
of life. The most plausible reason for the reduc- 
tion of the bladder is to be found in the develop- 
ment Of alv-chambers and the floating habit of 
these fishes. 

These observations show liow identical modili- 
cations sometimes result from widely different 
causes, and, in consequence, the great need of 
lield observations in the study of adaptations — 
correlation of form and liabits. Oases arc known 
of divergent rnodilications under similar environ- 
mental conditions (11 ora, Phil. Tra.ns. I\oy. Soc. 
London (B), 1930 a, 218, 2()()), and in the ca..s(i 
of the 1 eduction -of air-bladder in lislies 
similar modifications have resulted from different 
causes. The result in all cases is the adjustment 
of an organism to the external conditions of its 
existence. 


chambers. Tii nn ordiiuuy lisli, the air- 
bladder is situated in I Ih': a,bd(>miiial cavity 
and the fisli is enadiled to move up and 
down or lie at the bottom without ftading 
inconvenioneed. Tlie aiuusstors of t]i(‘. 
Anabautidie and tdie Ophicaqilialida*. wove. 
probably bottom lishes. WIhmi tlH\y develop- 
ed the habit of briuithing a.ir aaid storing it 
in cavities in tlie luaid, ldi(^ aiit.m’ior mid 
became buoyant, so, for bottom life, t,li(*y 
had to spend a. gr(‘.at <l(nil of (uungy to k(M‘j) 
the front end down. Thus, smdi a, llsh Inal 
to swim almost consta.ntly with tlu^. iuaid 
directed downwai’ds a.nd liody iiudiin^d 
at an angle. Under th(‘S(^ (*.ircumst,aau*(‘s, 
the air in tlie aar-bhuhhu* bi\ga.n to (^x(‘rt 
some prcssuri^ on th(‘. n(‘-ighl)ouring ymitral 
muscles of t]i(‘. (aimbil r(\giou wliieh ga.v(‘ 
way and enabhul tli(‘, (‘xt.imsion of tin* 
bladder backwards. This proccFss musf. luivc 
continued for som(^ t.im(‘., till tlu^ huoyanf 
tendencies of tlu^ aaiterior part of i lu^ fish 
were balanced by tlu^. (^xl(msion of tin* 
bladder riglit uj) to t.li(‘. ba.S(^. of (auidiil 
fin and it could lie ad, (die l)oj,tom wiMioiit 
any exertion. 

The origin of the a,ir l,ul)(*s of Ifclno- 
pnGUstcH and of the a,ir-l)la,d(l(».r in (isluss li;is 
to be traced to a simihir habit.. In tlie 
beginning, thesis striiel.iiriss [)?*ol)a,I)ly d(‘V{do{)- 
ed as small poucluFS for sl.oring air in the 
licad region and when th(‘. a,n{:(U'i()r (aid 
became bnoyant and t.lu^ lisli luid to st ruggh' 
for lying at the bot.tom, t-h(‘ ba.(*kwar(l 
extension of tli(ss(‘, poiuduas r(‘sult(‘<I in Mk^ 
setting up ol; propm* (Miuilibriurn. Tlu'S(‘ 
observations hmd sup[>oi'l, to th(‘. vi(‘W that 
air-blh,(lder proba.bly (hnadop^Ml a,s a-u organ 
of'-deriail respiral, ion a,nd t,ha,l, its jinsstaii 
hydrostatic, function is only a, siu'ondary 
acquisition. 


Institute of Oil Technology, Nagpur. 


^HBiCommittee appointed by the Iilagpur 
UnTversity in April 1933 to investigate 
the economic potentialities;of the develop- 
ment of Oil Technology in Central Provinces 
and Berar, have recently issued their Eeport. 
The Committee recommend the establish- 
ment of an Institute at a capital cost of 3*5 
lakhs of Eupees and an annual recurring 
expenditure of 51,000 Eupees. The Institute 
will provide a three-year course leading to 
the B.Sc. Degree in Technology and a one- 
year course leading to the M.Sc. Degceb. 
Provision is made for 36 under-graduate 
and 12 post-graduate students. The course 


of study imdmU^s UlKunicMil Ti^c.hiiology ami 
Engineering, Physic-s and Mathiaua,t{cs Ixair- 
ing .on engiM(HU‘ing prohhuns, <a)rmnerci:i] 
economics, accoiintaiic.y a,iul industrial 
administration. Plants for th(‘. maaiufacdHri^ 
of soaps, candles, paints Uiiul va,rnish(‘s will 
be erected so as to afford tra,ining of a scmii- 
commercial, cliaractiU’ to studcvrits. If run 
on commercial basis, tlic'^ plant is (ixpi'ctaal 
to pay its own way. It is hoped tliat with 
•the help of the Laksliminarayaa BmpK^st, 
■the. University^will soon be able to establish 
the Institute.. 
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Some Recent Advances in Indian Geology.'^ 

By V. P. Sondhi, 

Geological Purvey of India. 


4. The Geology of Burma. 

D UEING the past fifteen years a consider- 
able advance has been made in our 
knowledge of the geology of Burma, and 
although valuable contributions have been 
made by workers outside the Geological 
Survey of India, especially concerning the 
Tertiaiy oil belt, for the most part the 
progress has been mainly due to the official 
survey. In order, therefore, to follow the 
progress made in Burma during recent years, 
it is necessary to follow the activities of the 
official survey in the province. 

Since 1920, about when systematic survey 
operations were resumed in Burma after 
a lapse of several years, large tracts of the 
country have been mapped on the standard 
topographical sheets of the scale of one inch 
to one mile. For several years in the begin- 
ning of the period practically the whole 
strength of the Burma party was devoted 
to the mapping of the Tertiary belt. But ! 
later on, while this work continued, 
activities became scattered over areas so 
wide apart as Mogok and Myitkyina 
in the north, Amherst and Mergui in the 
south, and the Shan Plateau on the east. 
These centres of investigation are geologi- 
cally so distinct and independent of each 
other that our best course will be to follow 
the trend of investigation in each separately. 

The Tertiary Belt. 

Since Sir Edwin Pascoe’s classic memoir 
on the oilfields of Burma, ^ the most impor- 
tant contribution to our knowledge of the 
history of Tertiary deposition in Burma has 
been made by G. de P. Cotter with the help 
of his colleagues, through their field work in 
the foot-hills of the Arakan Yoma in Upper 
Burma, and through the valuable palaeonto- 
logical researches of E. W. Vredenburg.- 
The record of the Tertiary sequence on the 
eastern flanks of the Arakan Yoma is 
preserved so fully that it really constitutes 
the key to the history of deposition in the 
Tertiary Era in the province. Cotter was 
able to prove through his work in the 


♦Published with the permission of the Director, 
Geological Survey of ludia. 

1 Mem. Geol. Surv. Ind., 1912,40, 1-269. 

2 Journ. As. Soc. Beng., 1918, 14, 409. . 


western parts of the Minbu district that the 
Arakan Yoma existed as a narrow strip of 
land at the commencement of the Tertiary, 
and was able to demonstrate a lateral as well 
as vertical variation of rock facies according 
to which each stage is represented by a 
gradually shallower condition of deposition 
when followed northwards, the variation 
amounting to replacement of the marine by 
estuarine and fresh-water beds. Eesearch 
along those lines led Cotter to the important 
conclusion that the Tertiary basin of deposi- 
tion was in reality a typical geosynclinal 
area lying between the Shan Plateau and 
the narrow strip of land representing the 
Arakan Yoma, and that as the head of the 
gulf that occupied it gradually filled up in 
the north, where the major portion of the 
sediments came from, the sea retreated to 
the south. Thus the fluviatile sediments 
and deltaic deposits kept continually advanc- 
ing southwards pushing the sea before 
them, and at the same time the area of 
subsidence also kept shifting to the south. 
Cotter published his views in 1918, and it is 
necessary to refer to them here since his 
conception of the history of Tertiary depo- 
sition has formed the basis of subsequent, 
research in this line. 

In a series of papers from 1922 onwards 
L. Dudley Stamp attempted to elaborate 
the original conception of Cotter with 
slight modifications and additions of detail.^ 
In 1922 he emphasised the existence of 
intermittent folding movements at an early 
stage in the evolution of the geosyncline, 
which caused further elevation of the Arakan 
Yoma and further depression and buckling 
of the floor of the geosyncline, resulting in 
the temporary returns northward of marine 
conditions that have left wedges of marine 
sediments in between layers of continental 
type. Subsequently he postulated a marked 
variation between the time- Iplanes and the 
lithological planes,^ and advocated a group- 
ing on the basis of cycles of marine invasion.^ 
At the same time he suggested a modification 
of Vredenburg’s sub-divisioa of hth-e Pegu 
Series. But these views have. - not found 


3 Geol. Mag., 1922, 59 , 481. _ ^ 

4 Op. cii., 1925, 62 , 515. ... . 

3 Trans. Mi l. Geol. Inst. Ind.; 1923, 17 , 16U • 
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support in more recent work, as \v(^ sliall see 
presently. Tliey are nnMitioiKMl ji(a-e only to 
show the (liirerent lines that iiave been 
explored in recent years to arrives at a.' satis- 
factory understanding of the Tertia.ry 
sequence in Burma. 

At the World Petroleum Con.£>’ress held in 
London/iu July 1933, G. W. Ijopper of tlu^ 
BurmaOil Company Limited, brieJly outlined 
the Tertiary geology of Burma, and contri- 
buted a large amount of hitherto unpublisluMt 
information based on the results of rminy 
years’ incessant woi'k by the g(U)logical staff 
of the Company. This contribution, there- 
fore, is of unusual authority and iuLu-est, 
and carries us a long way in our knowledge 
of the sequence and st.ruCture of the Tcu-tiuiry 
deposits of Burma and the connection of the 
latter with the occurrences of commercla.! 
petroleum. P. Evans summarised the papeu* 
recently,:' but some points of unusmil int(U‘(‘st 
must be mentioned here even at tike risk 
of repetition. 

A very important point brought out t)y 
Lepper is the recognition of a long synclinal 
trough which forms a striking buitui'c of tlu‘. 
geological structure of the Chind win- Irra- 
waddy Valley, and which separates the 
western monocline, composed of a com[)lete 
succession of the Tertiary depositsi Hanking 
the Arakan Yorna, from a broa.d sorites of 
folds to the east. This structure is found to 
persist from latitude 2 P (west of tlu^ Imhuv 
anticline) in the north, across the Chindwin 
Elver near Mingin, to the west of the 
Mahudaung anticline. From there it runs 
through the Pakokku district and tin*, 
oilfields, into the Tlmyetmyo district in the 
south,, where it narrows and luKantuvs split 
up by anticlinal folds running ac.ross its 
strike. It reaches its maximum (levdopnumt 
west of the Yenangyaung and Singii-Lany wa- 
Yenangyat oilfields, and 8ep{irat(‘.s th(‘.s(‘- 
aud the Miiibu oilfield from tlie monocliual 
succession in the west. This median syneline 
is of' very great importance not, from the 
Structural point of view alone but because 
thehoccuri^nce of commercial petroleum is 
closely connected with it. It lias been 
established that all the producing fields lie 
im the closed structures that border tln^ 
synclinal immediately on the east, and with 
the exception of the Indaw oilfield, situated 
near its north end, the main group of 


^ World Petroleum (Jongro.ss, London, 1933, 
reprint J69. 

7 TrW'^'* Mm- GeoL Inst. Ind,^ 1934, 29 , 07. • 
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oillields Vies near its mu,ximum d(‘V(d()i)ineut 
opposite Venangyn-ung. According to L(‘pi)er 
eir(*.unista,nc.(‘s similar lo thos(‘ att(‘ndiiig the 
origin auid migra.t.i(m of oil in som(‘ of the 
American fields, ;is <^\'f)Iain(Ml by C. 
llling," may liav(‘. pr(‘vai!(‘d in Burlna from 
Mi{l<ile Eo(um(‘ t.o Middle Miocunu^ f'Ondi- 
tions favourabh'. for t.lu^ accumulation of 
orga.ui<‘, mal.ter suit.aBh^. for th(‘ formation of 
p(d.rol(Mim persislaul nioia^ (‘.ont.inuously iti the 
shallow ma.rinc'. t.ra,(‘.t o(*.(*upi(Ml i)y the 
sync-limil, wlnua^, it i in mu* stMliuuuits’ w(‘.re 
d(q)osit(ul, itmiii ou ii-s (uist and west. And 
with th(‘ c.ompacta'on of th(‘. stra.ta, oil a.iid 
I sa.lt vva.l,(‘r w(U’(‘. (‘..\pr(‘ss(Mi a, ml moved 

la.tera.lly to itu^ c.oa,i*s(u* (I(‘.posils of the 
margins. Uplift of iti(‘. lattau- inil.iatud i.ho 
S(‘gregation of ga.s, oil jind satt wa.t(‘r 
dm*ing the. post- Pliocene folding. Thus we 
find oil in (pmniiity <*()nlin(ul (o Uu^ Ixtt of 
folds that li(‘. inumul iat(dy i.o tin*, east of the 
.syindimu TUyoiid this Ixdi. itu'. oil se(q)ag(‘S 
a.re rjinmunl t(‘.st w(dls luua^ st ruck littl(^^.)r 
no oil. The oil whieli migra.t.(Ml town, ids the 
westerii margin of the. symdine haU no 
oi)poi*tunijy j,o ac.mimuhite. a,s no closed 
strmd.urivH (^xisl; on tiia.t sid(u 

Anotluu- (U]uaBy in t(U‘(‘sting coutribution 
made by Lepfau* gives itu^ n^sull. of a. etose 
(^xu.miiia.t,ion of i In^. whol(‘ tkutta.ry Siujinuiee 
forming tli(‘. long (‘asl.(‘.rly-d if>[)iog'mom)e,IiMe 
a.long tlui (mst(u*n Hank of tln^ Aiu.ka.n Yoma,. 
M(unb(U'S of tlu^ Pegu S(‘.ri(‘s (Oligo-MioeiuuO 
w(u*(‘. foinnl 1.0 b(U‘.om(^ more ;M’(uuiiC.(Mms wluui 
folio w(xl north wau’ds, a.s d(unonstra4.ed by 
Gol.ter, but. in jiddilion w<dl-d(qiii(xi pahe’- 
ontologiea.1 bremks a.r(^ re(*ogiiis(Ml at the 
tof) of tln^ Ya.w S(,a,g(^ (Eoc(m(‘), a.nd Ixd.weim 
the Oligocemj a.nd Mioixun^ MuHatter briuik 
dividing tlu^ P(‘.gus into t.wo pa.rts of (‘(|ual 
thickness. Anotluu* wid('.s|)r(unl nneonformity 
is ree.ord(Ml l>(‘tw(MUi I h(‘. Irra.wa.ddy seri(‘s 
(Mio-Piioe.(MUO a,nd th(‘ IN^gu scu'ies,* and a 
lu^w (*.la.ssilic.}itioni luis beiui suggest('(l.'* 

An iinf^ort.Uint r<^snlt. of th(\s(m*(fseair('h(\s i's 
tha.t the div(ug(me.(^ of plaints and litho- 
logiea.1 plaiu'is a.dvoe.atiMi by Si,a,rnp a-ll these 
y(xirs <lo(‘H not find support in the (‘vid(ui(u> 
brought forwa.rd by L(q>pm'. Wiiih th<^ pre- 
S(uit fa.ei[ities of coring the undetground 
stra.ta ol t.lu^ (xuitrat oil(i(dds by rota.ry dril- 
ling it has b<i(a>m(‘ incuxuXsingly ]) 0 Hsib{e to 
correlate the stratigra,phi<*,al s(Miu{UK*e of 
this area with tba.t of Ui(‘ onte.rops west oC 
the syneline, in spiU^ of the diniculti(‘S raised 


® Jotini, InsL Petr. Te.ck., UlUa, 19, 229. 
See EeCenuuxj G. 


February 1935 ] 


CURRENT SCIENCE 


341 


by lateral lithological variations of the beds 
from west to east. 

As regards the progress which has 
been made during recent years in the oilfields 
development, the reader is referred to the 
proceedings of the World Petroleum Congress 
of 1933, and to the annual reports of the 
Director, Geological Survey of India, since 
1927, when the practice of having a Resident 
Geologist permanently at Yenangyaung was 
revived. 

The Tertiary Igneous Rocks of Burma. 

Tertiary igneous activity in Burma began 
in Eocene times, and with intermittent 
quiescent periods of varying duration revived 
in early Irrawaddy (Mio-Pliocene) and 
again in Pleistocene and sub-recent times. 
The different periods of activity are remark- 
able more for the extent in space over which 
the phenomena are exhibited than for the 
amount of material poured out, and all the 
successive activities appear to have followed 
more or less the same tectonic lines from 
beginning to end. The present-day surface 
indications suggest that the later activities 
were the more energetic and, although still 
following the older zones, their manifesta- 
tions extended far beyond the earlier limits. 

The most important centres of activity are 
seen to follow an important tectonic line 
that traverses the entire length of Burma 
and runs approximately through the centre 
of the Irrawaddy-Chindwin basin. Begin- 
ning with the Myitkyina occuri'ences in the 
north it runs through the Mingin Range 
volcanies west of Wuntho, to the explosion 
craters of the Lower Chindwin district, and 
from there it continues south through the 
Shinmadaung hill range in Pakokku district, 
and through Mount Popa to the dolerite 
dykes and sills of the Pegu Yoma. When 
continued further south tliis line passes 
through the volcanic islands of ISTarcondam 
and Barren to the volcanic regions of 
Sumatra. In the Lower Chindwin district 
a subsidiary line runs parallel to it, in the 
hill ranges east of Monywa. 

Another line, though of less importance, 
runs along the western edge of the Shan 
Plateau. Along this line are found the 
intrusive and extrusive rocks of the Male- 
Kabwe^ area in the Shwebo district in the 
north, the rhyolites and tuffs in Thaton, 
the volcanies of Maingy and Elphinstone 
Islands off the coast of Tavoy, and the 
basalts of Medaw Island south of Murgyi. 
Only a very short account of the various 
centres of activity in which research has been 


carried out in the period of the present 
review can be attempted here, beginning in 
the north. 

H. L. Chhibber, during liis recent work in 
the Jada Mines area in the Myitkyina 
district, which is the point furthest north 
at which Tertiary igneous rocks have so far 
been mapped, found the extinct volcano of 
Mount Loitnye, which rises 5,121 feet above 
the sea-level, and is thus higher than Mount 
Popa which it somewhat resembles in its 
structure and ejectarnenta.'^® 

Although the volcanic rocks of the Mingin 
Range form the biggest centre of vulcanicity 
in Burma, practically nothing has been 
added to Noetling’s description of long 
ago.^^ 

In Lower Chindwin district there is a belt 
of volcanic occurrences 25 miles wide, 
following roughly a N.-S. direction. It 
includes tlie string of eleven extinct explo- 
sion-craters situated in a straight line, some 
13 miles long, running across the Chindwin 
river at Shwezaye in a N.E.-S.W. direction. 
From the spectacular point of view they 
form the most interesting occurrence, being 
represented by great hollow pits tlie bottoms 
of most of which are now covered by lakes. 
R. D. Oldliam^- was the first to describe 
these explosion-craters, and so far as the 
description of surface features goes his 
observations can hardly be improved upon, 
though the rocks themselves have since been 
studied in greater detail. In 1925 P. Kelter- 
born published a short note on some 
specimens collected from tliis area.'*^ In 
1927 Messrs. Pinfold, Day, Stamp and 
Ohhibber described the igneous rocks of the 
whole district, while during 1926-28 the 
writer mapped these occurrences in the 
course .of the systematic mapping of these 
districts. The most important account, 
however, is the one given by C. Burri 
and II. Huber in 1932.^"’ According to 
these workers the rock types include 
liparites, andesites, basalts, ultra-basic 
rocks, and tuffs and similar rocks. The 
olivine-basalts are the most widespread, 
and some of them have proved to be alkali 
basalts under- saturated with silica and con- 
taining normative nepheline. The ultra- 


Hec. Geol. Siiro. Ind., 193 0 , 63 , 101 . 

Op. ciL, 1893 , 26 , 26 . 

12 Op. cU., 1906 , 137 . 

13 Eclog. Geol. Helv., 1925 , 19 , 352 . 
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basic rocks ejected by the Twiiidaung crater 
are represented by pyroxenediornblendite 
wliich is found to contain by mode 85 per 
cent, hornblende and 15 per cent, pyroxene, 
approacliing neplieline-basanite in chemical 
composition, and by biotite-pyroxenite 
which is found to contain dO per cent, biotite 
and 60 per cent, augite, approaching leucite- 
basanite to olivine-leucitite in chemical 
composition. 

In the hills west of Mony wa devitrified 
rhyolites, quartz-porphyry and miisco^^ite- 
porphyry have been recorded. The detailed 
survey of the part of the Lower Chindwin 
east of Monywa by the present writer in 
1927-28 brought to light a few additional 
volcanic occurrences. Most of them are 
situated along a fault line that runs in an 
approximate direction. 

The next volcanic occurrences to the 
south are found in the Salingyi upland 
(sheet 81 0/1) mapped by Barber in 1925-26. 
The rocks here comprise dacites, dolerites 
and coarse diorite forming a suite of pro- 
nounced calc-alkali type. Further south the 
line passes through a small outcrop of lava 
exposed in the Shinmadaung hill range, 
along the western flanks of which horn- 
blende-andesites, basalts, tuffs and rhyolitic 
agglomerates and breccia occur. 

Although dolerite dykes and sills are 
known to occur in the Pegu Yoma further 
south, Mount Popa in the Mingyan district 
forms the most conspicuous southerly mani- 
festation of late Tertiary volcanic activity 
in the Irrawaddy basin. A preliminary 
account of the lava flows of tliis area was 
given by Sir Edwin Pascoe in 1909, and 
more recently the rocks have been described 
by Chhibber.^"^ Barber worked on the 
eastern slopes of the mountain in 1926 and 
the representative collections made from 
this area and from the Shinmadaung range 
and Salingyi area are at present being 
studied by him. Volcanic activity in this 
region probably commenced at an earlier 
time than elsewhere, although the period of 
maximum activity may be Irrawaddian. 

Mount Popa itself is built of lava flows, 
tuffs and agglomerates of Pleistocene to sub- 
Eecent age. Older volcanic rocks also occur 
and include a repetition of different types 
of andesites and rhyolitic rocks, both asso- 
ciated with tuffs. The different rock types 
in the younger lavas are all easily matched 


with one or the other of the types occurring 
in the Lower Chindwin, so that it is quite 
clear that igneous rocks in these two distant 
centres belong to the same petrographic 
province. 

The most important centre of igneous 
activity on the second line— that following 
the western edge of the Shan Plateau, is the 
most northerly known occurrence, that of 
Male-Kabwat region. Stamp and Chhibber 
published an account of this area in l927.^‘ 
The present writer mapped the area in the 
course of his routine survey of the Shwebo 
district during the season of 1928-30, and 
whilst his mapping is mainly in agreement 
with that of Stamp and Chhibber, he made 
one noticeable addition by discovering that 
the anticlinal axis through hTattaung Hill 
and Letkokpin is followed by a parallel 
synclinal axis to the east running through 
Kabwet, and that the spheroidal lava regard- 
ed by Stamp and Chhibber as a dyke 
intrusion was in fact a sheet of lava, taking 
part in the fold and appearing on either limb 
of the syncline. 

Eecords of more than one period of 
igneous activity are preserved here. Tlie 
older lava is interbedded with the Irrawaddy 
beds and shows beautiful examples of pillow 
structure. Intrusions are represented by a 
sill and dykes, and the younger olivine 
basalts, extruded in Pleistocene or siib- 
Eecerit times, build the hill Lethataiiiig, 
1,67-1 feet above sea-level, opposite Kabwet. 
The peak is regarded by Stamp and Chhibber 
as marking the focus of eruption ; but the 
writer is of opinion that those lavas came 
from fissures, one of wliicli passed through 
the position that now forms the crest of the 
hill range of which Lethataung is tlie cul- 
minating point. The lavas of Singu to the 
south are part of the same extrusion. 
Korth of Kabwet the volcanic activity is re- 
presented by decomposed amygdaloidal lava 
interbedded with the Irrawaddy beds, and 
by the long lines of dolerite dykes between 
Kabwet and Male. This line of activity 
corresponds with a zone of tight folding and 
crushing of the late Tertiary beds against 
the crystalline rocks of the Mogok series, 
and the junction between the two is most 
probably a faulted one. A very interesting 
character of the rocks of this region is that 
they show an ^Atlantic’ or alkaline ten- 
dency of differentiation, whereas the rocks 
of all the igneous centres on the main line 


16 Trans. Min. Oeol. Jnst. Ind., 3 927, 21 , 129. 
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to the west show definite ‘ pacific ’ or 
calc-alkali affinities. 

The next known area of vuleanicity along 
this line lies near Mokpalin, in the Thaton 
district, where rhyolites and rhyolitic tuffs 
are seen to overlie a sedimentary series of 
probably Carboniferous age.^*^ They strongly 
resemble the occurrences west of Monywa 
in Lower Chindwin district, and are regarded 
as of the same age. Continuing along this 
line to the south we come to the coarse 
volcanic agglomerates of Maingy Island and 
a series of rhyolites and porphyries on the 
western coast of Elphinstone Island, oil the 
Tavoy Coast. The age of these rocks is 
uncertain. The southernmost volcanic 
occurrence is that of the island of Medaw in 
Mergui, where basalt fills up most of the 
low-lying ground. The area was visited by 
M. Vinayak Eao in 1922,^^ and a description 
of the rocks is included iu'Sethu Earna Eau’s 
menaoir on the Geology of Mergui.-^ 

The Mogok Gem Stone Tract. 

The large-scale geological mapping of the 
Mogok stone tract that has been in progress 
for the last few- years and is now nearing 
completion has considerably increased our 
knowledge of the geology of this interesting 
area. The Archaean rocks which occur here 
have now been divided into a number of 
stages and mapped separately. This work 
was begun by J. Coggin Brown and A. K. 
Banerjee in 1929, and has since been con- 
tinued by E. L. G. Clegg and L. A. iST. lycr.-^ 

The rocks found here include metamor- 
phosed sediments, now appearing as crys- 
talline schists, and a varied suite of intrusive 
igneous rocks. The metamorphic rocks 
include quartzites, limestones, calciphyres, 
and a number of unclassified gneisses. The 
quartzites, which may be either of replace- 
ment or of sedimentary origin, occur in 
association with calc-gneisses, in some cases 
passing imperceptibly into calc-granulites. 
The limestones, calciphyres and calc-gneisses 
are usually found in association and grade 
into one another. Although at first sight 
they appear to occur in discontinuous bands 
following the general E. 30^ N. strike, the 
mapping indicates that they are probably 
the remnants of continuous strata reduced 


IS Ptoc, 14th Ind. ScL Congr., 1927, 289. 
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20 Mem. Geol. Surv. Ind., 1933, 55. 

21 Bee. Geol. Surv. Ind., 1931,65, 80-86; op. cif.^ 
1932, 66, 92-96 ; op. cit., 1934, 68, 50-57. 


to the present isolated fragments by the 
combined effects of intrusions of syenites and 
granites, which have eaten their way into 
them to a large extent, and of the folding 
and denudation that did the rest. These 
rocks are of wide-spread occurrence in the 
tract and show a variety of types containing 
a number of accessory minerals. Prof. 
Alam’s statement that the limestones and 
gneisses exposed continuously from Tha- 
beitkyin to Mogok strike north and south is 
not borne out in general in the area.-- 

The unclassified crystalline rocks, compris- 
ing a variety of gneisses and intrusive rocks, 
appear to be the metamorphosed derivations 
of argillaceous and arenaceous sediments, 
intruded along their planes of schistosity by 
a series of granites, syenites and pegmatites. 

The igneous rocks occur in great variety, 
and the following are the chief types found. 
The basic and ultrabasic rocks are repre- 
sented by medium to coarse-grained holo- 
crystalline peridotites. The hornblende- 
segirine-nephehne rocks and hornblende- 
segirine-scapolite rocks occur in small intru- 
sions or bands usually associated with lime- 
stones or, in certain instances, as marginal 
fringes of syenite intrusions. The syenites 
were first recognised in the field by Dr. L. L. 
Fermor and .are of a wide distribution, 
ranging from quartz-syenite to dioritic 
monzonite. The felspar of the latter are 
predominantly andesine, and the pyroxene 
is either augite, 8egirine*augite or ^egirine. 
Certain types containing hypersthene ap- 
proach the intermediate members of the 
charnockite family of Southern India. The 
augite and hornblende-granites of the area 
appear to be a more acid phase of the 
syenitic magma. 

Apart from the description of the various 
rock formations and their large-scale 
mapping, which have a value and interest 
of their own, the recognition of certain 
points of resemblance between the Burmese 
Archaean rocks and those of similar compo- 
sition in Peninsular India constitutes a 
considerable advance in our knowledge, and 
we owe it largely to Dr. Fermor’s short visit 
to the Mogok area and his subsequent study 
of rock specimens collected therefrom. Some 
of the garnet-sillimanite-gneisses occurring 
in patches in the Bernardmyo tract have been 
found by Dr. Fermor to be identical with 
the khondalite of Peninsular India. Eocks 
of the Mogok stone tract, according to him, 
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exhibit a grille of iiietainorpliisrn character- 
istic of tlie liypornorpliic zone (Griiben- 
niann’s ‘katainorpliic zone') and have their 
analogues in the I’ocks of the Eastern Ghats 
of India and Ceylon. Tlie garnetiferous 
granulites are especially interesting in this 
respect because they approacli in mineral 
composition the feispatliic khondalites of 
Ceylon. Certain liypersthene-biotite-granu- 
lites show a charnockite type of metainor- 
phism, and the cordierite- rocks from the 
Yebii Chaung recall some of tlie hybrid rocks 
described by T. L. Walker and W. TI. Collins 
from the Vizagapatam district of South 
India. 

The Jade Mines Area. 

Since A. W. G. Bleek's description of the 
geology of the Kachin hills in connection 
with tiie jadeite, published in 1908,“''' there 
has been practically no serious geological 
work done in this region, with the exception 
of Murray Stuart's traverses across portions 
of it in the field season 3 920-21,“’^ until 
Chhibber commenced the survey of the Jade 
mines area in 1928.-’ These investigations 
are still in progress. Systematic mapping 
has so far been confined to the Jade 
mines area, in the Karnaing sub-division, 
but the geology of large tracts of the 
neighbouring areas is known through traverses 
to the Chinese frontier and to the Flukawng 
valley. 

The most interesting feature of this region 
lies in the preservation of the record of 
several periods of igneous activity dating 
from iDost-Pernio-Carboniferous up to sub- 
Eecent times. The chief sedimentary 
formations are the Permo-Carboniferous 
limestones and the Tertiary rocks. The 
former overlie uncon formably towards the 
north-east rocks resembling Cliaung Magyis 
(Pre-Cambrian) in lithology, while into the 
Tertiary rocks are intruded a variety of 
igneous rocks. There are also crystalline 
schists which are regarded by Chhibber as 
ortho-schists. The Perrno-Carboniferous are 
intrude'd by a batholith of a medium grained 
granite, represented by a variety of types 
among which biotite and muscovite-granites 
predominate. The intrusion is regarded as 
of Triassic age in common witli certain other 
intrusions in Burma. There are also perio- 
dotites and serpentines of probable Upper 
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Cretaceous or Lower Eocene age. Into 
these latter are intruded the albite-jadeite 
rocks which are the parent rock of the 
well-known jade. 

The sedimentary Tertiary rocks of the 
area are now sub-divided as follows: — 

Uri boulder conglomerates. 

ISTamting series. 

Hkuma series. 

The PIkuma series is a thick deposit of 
a well-bedded sandstone in which occasional 
intercalations of shaly layers occur. An 
interesting feature of this series is tliat the 
lieavy mineral assemblages of these rocks 
correspond to those of the Barail series 
(Eocene-Oligoeene) of Assam, which corres- 
ponds to the Upper Plocene and lower half 
of the Pegus in Central Burma. Similarly, 
the Earnting series, composed of a consider- 
able thickness of sandstones, shales and 
conglomerates, has yielded heavy minerals 
tliat agree closely with the Tipam series of 
Assam, corresponding to a portion of the 
Upper Pegus. 

Another interesting feature of this area is 
the manifestation of igneous activity in 
post-Tertiary times. This has already been 
referred to above. 

The Mrrgui Archipelago. 

During the period under review the 
geological survey of the accessible parts of 
the Mergui district was completed^ and an 
account by Setliu Earna Rau was published 
in 1930. The geolog\' of the northern 
portion of the archipelago was described 
by Goggin Brown and A. M. ITeroii iu 
1923.“' 

An area in this region tliat has attracted 
geological attention in recent years is the 
Amherst district, where a considerable 
amount of work has been done. It is 
impossible, however, to summarise it all 
within the limits of this article, and a. few 
only of the more important conclusions will 
be referred to liere. Towards the end of 1921 
J. W. Gregory-"^ and G. de P. Cotter'-*' 
examined the eastern parts of the district in 
connection with the investigation of the 
oil shales that occur there, and important 
knowledge of this hitherto unexplored but 
geologically very interesting part of Burma 
was obtained. The oil shales are of late 
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Tcriliary age, and were deposited in basins 
eomparable with tliose found in the t^han 
Plateavp Tavoy and Mcrgui, and indeed far 
beyond the limits of Britisli India, in 
Yunnan, Indo-Ohina and Siam. Tlie main 
Tertiary basin of Pliocene age in which oil 
shale occurs is the structui’al valley enclosed 
by tlu^ Dawna range and the Choehko Taxing. 
The Dawna range is built mainly of banded 
gn(dss(‘s, schists a.nd giunssose granite, and 
D()tt(u*'s dis(*ussion of th(‘ ag(‘ of the gneissose 
gra:nit(‘. (‘.onstiil.ul es ai vabuibh^. (‘ontribution 
(.0 our knovvl(‘dg(^ of the granit(‘s of Ilurma 
a.s a whole. In t.his pa.per lie lias gathered 
together (‘.vid(m(*.e fi-oni within Burma and 
from the neighboui’ing country of Siam 
pointing to a, Triassic a.ge for sonic^. of the 
Hurmes(‘ granitic intrusions. Coggin Brown 
luis sin(*.e brouglit forward evidence to prove 
a, simihir age for the Tlniton granite which, 
h(‘, Ixelieves, is iilentical in composition, age 
and min<u‘a-l association with the major 
granitic intrusions tha,t stretch from Mergui 
into the footliills of tln^ Shan Plateau, east 
of the. Xyaukse and Yarnetliin districts. 
Most probably th(‘se ai(‘. aB of tlu‘. same agii 
and (‘.omparabh^ with the granites of British 
Mabvya,, Suma-trai, Borneo and the Dutcli 
Bast Indices. 

Anotlnu* point of mucli geological interest 
c.onni‘.(*.li(Ml with Cotter’s work in this area 
is his discovciry of fossils in the limestones 
exposed in tlie Thoungyin river. Althougli 
tlie fossils were found to be in a most 
disa,ppointing static of preservation, G. IT. 
Ti[)|)(‘.r, wlio (‘.xamined them tentatively, 
(uiuK^ to iTi(‘, (‘.onc.lusion tha,t th(‘.y indica.te(l 
a, Triaussic. agi^ Tln^ a-ttribution of this ag(‘ 
to th(‘. lim(‘st.on(‘ c.a.m(‘. ra,tli(U' a,s a. surprise a,t 
the tbn(‘. and wa.s aiccefited only doubtfully, 
b(H*.a.us(^ no linu'stom^ of tlnit a.g(‘. had 
b(‘(‘.n r(‘.('-ord(‘d from Di(‘ lixl.cuisive <Iev(^lop- 
uKuitiS of tli(^ formaTion in tlie surrounding 
regions of tlH‘. Sha,n Phiteaai, Mergui a.nd 
Moulnudn. Thp])<u‘\s vi(‘w, liowever, was hitcu* 
])i’ov(‘d to 1)(‘. p(‘.rf(‘(*-Dy corr(‘.ct by specialists 
suc.h a.s Gregory, rJulius Pia,, Trouth and 
Wen'r'*’, whe) worked enil; the‘ e*,e)lle‘.ctions a 
few ye‘a-rs ago. It a,ppe‘a,rs possible, there- 
feii’es tlnit tbe‘se lime‘Stone‘.s re‘present an 
upwa.rel e^x terns iein of the'. Phiteaiu Linu'stone 
into thei Th*ia.s. though hitherte) it was consi- 
dered to liave ende'el with the Permian. 

Thk Shan Platioau. 

Work by the Geeilogical Surve^y of India 

'■'0 Op. rU., 1<)2S, 60, 70. 

Op. cAL, 11)30, 63, 155. 
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Oil the Shan Plateau was resumed simul- 
taneously in the ISTorthern and Southern 
i^han States in 19JS. In the I^orthern States 
the work has mainly been confined to the 
extension nortliwards of T. de la Touche’s 
map of tins area published in 1912.’'“ In tlie 
course of this work .several new fossil locali- 
ties have been discovered, of wliich the 
most important is M. R. Salmi’s discovery 
of a unique assemblage of ammonites, 
gastropods and laniellibranclis in tlie Plateau 
lirnestoiie at Nam llkyarn.”’ ' The ammonites 
include Xenorpis carb:>naria Wangen, record- 
(‘d from the Permian of tlie Salt Range 
and from Chit rah Anotlier genus is Narinites, 
of which two species liave been found, one 
of which shows affinities with a species 
recorded from tlie Otoceras beds of Spiti. 
The new genus Rungorilidce is the most 
common ammonite represented. Among 
the gastropods Plcurolomaria and Naticopsis 
are the most dominant. Of the lamelli- 
branchs ScMzodiis is very common. 

■ As regards tlie So'uthern Shan States, otfr 
knowledge of the geology of this area wais 
very meagre prior to the period under 
n-View. As a result of recent work by 
Coggin Brown and the writer some 2,909 
sqii ri re iniles have already been mapped on 
tlie scale of one inch to one mile, and in 
addition extensive traverses have been made 
riiniiiiig up to the eastern frontier of the 
Indian Empin'. Generally, the geology of 
this X'egion is essentially the same as that of 
tlic Northern Shan States and the only 
dilTorences are those of minor details. ‘The 
cliicf interest of the region is centred on 
the Ordovician-Silurian succession of which 
a. number of rock facies o.nd liorizons are 
pi’csent. Several new fossil localities liave 
i)(Hin discovered, but, although of very ge'eat 
inttu'est to the science, most of the assembl- 
a.gcs liave been ratlier disappointing as 
reg'ards their correlative value, for in almost 
all the collections so far examinetl the 
majority of forms tliat are specilically 
identifiable have turned out to be new to 
sciemce, except in the case of the graptolitc 
and tentaculite horizons at the bottom and 
top^ of the Silurian respectively. 

A description of tlie geology of tlie country 
was pnblislied I’ccently, and it need not be 
discussed in detail here.'*^ Broadly speaking, 

Mem. Oeol. Surv. fad., 1918,39. 
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tlie numerous isolated outcrops of Ordo- 
vician rocks have been grouped into three 
divisions based on their fossil contents and 
lithology. The further sub-division of these 
groups has been rendered difficult owing 
to the lateral variations in the lithology and 
to the sharp differences in the fossil assembl- 
ages of different localities. From a number 
of large collections made by the writer from 
the Ordovician, F. E. Cowper Eeed has been 
able to find only 33 forms which are in a 
sufficiently well-preserved state for specific 
description."'’ Of these 23 are new species. 
In the Silurian, excepting the graptolite and 
the tentaculite zones, there are only 4 
specifically identifiable forms, and all of 
them are new. The Ordovician is much 
better developed here than in the iSTorthern 
States, the Lower Ordovician, which is not 
found in the north, having been found in the 
south with forms allied to those occurring 
in Ann am. 

In the Plateau Limestone group the true 
limestones have hitherto been regarded as 
forming the upper division and the dolomitic 
variety the lower division. Eecent work in 
this field, however, has shown that this 
method of sub-division is not a sound one, 
and that dolomitisation is not confined to 
the lower division. A portion of some fossil 
collections from the ‘Upper’ Plateau Lime- 
stone has recently been described by F. E. 
Cowper Eeed, who has referred them 
unquestionably to the Anthracolithic 


35 Pal. Indica (in the press). 


system. A remarkable feature of the 
fauna is the large number of peculiar 
bryozoans, many of which are new species. 

In the next higher formation, namely, the 
Coal Measures, a flora and fauna, of Middle 
Jurassic age has been obtained thus indicat- 
ing them to be contemporaneous with 
the Namyau beds.'^^ It 'is the writer’s 
view, however, that these extensive deposits 
include at least a portion of the Uapeng 
beds of Northern Shan States. They are 
succeeded unconformably by Eed Beds, the 
age of which has been fixed tlirough the 
discovery by C. S. Pox of a few fossils which 
indicate them to be equivalent to the 
Trichinopoly beds of the Coromandel coast, 
which are Upper (Ariyalur) to Middle 
(Utatur) Cretaceous in age.^^ This discovery 
is of unusual interest, as no beds younger 
than Jurassic were hitherto known from the 
Shan States, excepting the Pliocene- 
Pleistocene lake deposits. It is noteworthy 
that after the deposition of the Permo- 
Carboniferous limestone all the subsequent 
deposits were laid down in inland seas and 
large lake basins. These decreased in 
extent as time went on, until in Pliocene- 
Pleistocene times the areas of deposition 
were restricted to isolated lake basins, 
remains of which are found far and wide in 
Eastern Asia, including the Shan States, 
Yunnan, Siam and French Indo-China. 


30 Rec. Geol. Swrv, Ind,, 1933, 67 , 83. 
3” See Reference 34. 
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Obituary. 

Sir Horace Lamb, F.R.S. (1849-1934). 


W E regret to record the death of the 
eminent applied mathematician Prof. 
Sir Horace Lamb on December 3, 1934 (born 
on November 27, 1849). He made valuable 
contributions to tlie subject of Hydrodyna- 
mics ; and liis first book Hydrodynamics 
(1870) which was published for the sixth time 


in 1924 is one of the standard treatises in the 
subject. In 1884 he was elected Fellow of 
the Eoyal Society. He was Professor of 
Mathematics at Manchester and was 
recipient of the Copeley Medal of the Eoyal 
Society in 1924. 
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The Theory of Liquids. 


In two recent papers^ the author has dis- 
cussed a modification of Edser’s theory of 
liquids which gives equations for the surface 
tension ( 7 ) and internal latent heat (L,) as 
follows : — 

^ 1-31 (m-5) •• •• 

L, = ; 4 . 22 X 10- X [1 +L^]cals. 

.. ( 2 ) 

(jLt= attractive force coefficient; m~force 
index; a— the average diameter of the sphe- 
rical space kept clear around a molecule by 
its thermal movements at T; a=coefficient 
of thermal expansion). In these equations 
the effect of the repulsive force, being small, 
lias been neglected. 

Although (1) and (2) give results in agree- 
ment with observation, they are not 
altogether satisfactory since the properties 
of the liquid should be capable of expression 
in terms of the force constants and T only. 
It has now been found possible to eliminate 

^ Ind, J , Phi/s., 1934, 8 , 521 ; Proc. hid. Acad. 
ScL, 1934, 1, 105. 


(J from these expressions for Tv,, .a by equating 
the thermal pressure Pt to ' the internal 
pressure P. To calculate Pt it is assumed 
that at and near the melting point diffusion 
is slow, and that the liquid molecule vibrates 
for the most part about its mean position. - 
Pt can consequently be put equal to the 
product of : — 

(a) the number of molecular centres (u) 
associated with a plane of unit area wliich is 
given by the close-packing formula: — 

- 2/ v/3 C7- - 1-15/a’ .. .. (3) 


(1)) the molecular vibration frequency 
which is assumed to be equal to the frequency 
in the solid state at the m.p.'* and is there- 
fore given by Lindemann’s equatioiP : — 


V = 2-5x10 




T “ 

JL M.JJ, 


Ui 


“ V ^ 

V m ( 


which as No-" — a /2 V 


W 


( 5 ) 


2 Cf. Andrade, Phil. May., 1934, 17, 477. 
2 Andrade, loc. cit. 

4 Handb. der Phys., 1920, 10, 52. 
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can be written 

tM 


( 6 ) 


(M = mass of a, molecule) 

and (c) the change in momentum siilfered by 

a' molecule on approach to the plane which 

is 

(/=lMV/cT/M .. .. (T) 

We tlius have 

P, == nyq = 1 • 14 X 10- ‘ •' ( ) . . (8 ) 

Vo-,„.a/ 


It has already been shown"‘ that the internal 
pressure is given by 


P - 


4:1711 


= -^-20 11 
(m — 4) 


3 (w — 4) 

Combining (8) and (9) we have 


( 9 ) 


m—l 3*68 X 10^^’ p, 

"" '"-W “ (m-4) • • ■ • 

Table I shows (obs.) derived from 
(obs.) by means of (5), a,;,.,, (calc.) from (10) 
and (calc.) from (calc.j by means 
of (5). The agreement is fair when it is 


Table I. 

Calculation of Density at the Melting Point. (10) 


Substance 

T/fi'iJ- 

{Prac. Ird. 

.-J c id. Sciences, 

. loi. cit.) 

Ol 

dpi-p- 

(obs.) 

X 10« 
(obs.) 

(5) 

0";//, y X 10^ 
(calc.) 

(10) 

( calc. ) 
(10,5) 

He 

1-0 

5-77 X 10-““ 

7 

0-146 

4-02 

4-38 

0-11 

H, 

13-9 

2-33 X 10-““ 

8 

0-077 

3-92 

3-97 

0-075 

Ne 

24-5 

2-55 X 10-“'-' 

7 

1-250 

3-35 

3-29 

1-33 

Ai* 

83-1 

1-41 X lO-'’--' 

8 

1-419 

4-02 

3-97 

1-46 

N., 

63-0 

2-02 X 10-““ 

8 

0-876 

4-23 

4-35 

O-SO 


considered that it is an attempt to calculate 
the liquid density at the m.p. from the 
fundamentals T/^.^ (observed) and fi and m 
derived from the gaseous state. 


Equation (1) when combined with (10) 
gives 


(2.07xl(r^‘=) [(m-4) T,,.^] 


w + 1 
w — 1 


(??i- 5) (S-GSxlO-'Vf'”^ 

.. ( 11 ) 


Table II shows the application of (11) using 
values of y for the lowest temperature 
observed. 


Table II. 


Calculation of Surface Tension near the 
Melting Point. (11) 


1 Snbsta.nce 

1 

T 

y (obs.) 

ym-u- 

(calc.) (11) 

He 

1.5 

0.35 

0.28 

Ho 

J5.0 

2.8 

2.7 

Ne 

24.7 

5.6 

7.1 

Ar 

85.0 

13.2 

14.9 

No 

70.0 

10.5 

10.5 


Equation (2) combined with (10) gives 


iU). 


11*5 1\ 


(^^^ 4) a 

“3 

cals. . . (12) 


Table III shows the application of (12). 


Table III. 


Calculation of Internal Latent Heat near 
the Melting Point. (12) 


Substance 

T 

a 

{J.ji obs.) 

hi 

:calc)(12) 

He 

1.75 

0.00 

18.0 

20.2 

H., 

15.0 

0.012 

189 

214 

Ar 

87.1 

0.0040 

1320 

1530 

N., 

63.1 

0.004S 

1330 

1020 


It is hoped to publish elsewhere a more 
rigorous and elaborate development of the 
ideas underlying this note. 

T. S. Wheeler. 

Chemical Department, 

Eoyal Institute of Science, 

Bombay, 

January j 2935. 


^ Loc. cit. 
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A Note on the Method of Determining the 
Heat of Dissociation from a Study of the 
Long Wave-length Limit of the Continuous 
Absorption by Gaseous Molecules. 

When a molecule ia optically disaociated by 
a aing'le act, of a,])!aor|)tion one gets a (*.ontimi- 
oua abaorption du(‘ to the abaorbing aub- 
stjui(u‘. In onhn* t-o o])tain th(‘ valii(‘- of the 
I ['(‘Sit of I )iaao(*isit ion esu*li(‘r worker's in the 
rK‘hl na(‘d t.o lix tb(‘ long’ \vsiv(‘-l(‘ng‘th limit, of 
sibaorption simply from (‘ye oba(‘rvations 
Sind this appsir(‘nt,ly 1(‘(1 to dis(*.r(‘psinci(\a 
l)(‘t\v(‘i‘ii th(‘ V5ilu(‘s ol)tsun(‘(l from optica,! 
svnd tluM'nuil dsil-a. (,)iut(' r(‘(‘.(mtly A. K. 
Dattsi' ])()int(ul out thsit. ])(‘tt(‘r sxgivement 
lH‘t\V(‘(m t!i(‘, t,wo V‘<ilu(‘a may be obtained 
if t!u‘ limit is sought from the microplioto- 
m(‘tri(‘ (‘urv(‘ of th(‘ sibaorption apectrnra. 
A(*.cording t,o Dsit-tsi the long wsive-l(‘ngtli 
limit, of sibsorpt.ion is ind(‘p(‘n(l(mt of the 
pr(‘ssur(‘ of t.lK**- sibsorbing gsia sind if curves 
wit.h p(‘rc(‘nt,sig('. of sibaorption and wsive- 
hmgtii SIS ('()-ordinat(‘S ])(‘ trsi('(‘d for diffiu'cnit 
pr(‘ssm‘(‘s th(‘y should sua'.ordingly cut the 
\vsive-l(‘ngt.hhixis sit. th(‘ ssim(‘. point,. Apply- 
ing t.his i(l(‘5i Dsiti-a hsis det(‘rmin(‘d the vsilue 
of tiu‘ ilesit of I )isso('isit ion for si number of 
gsis(\s (irP>r, 111, N.O, (‘tc,). In case of lIBr 
Sind HI t.lie vsilues obtsiiiUMl by him sigree 
with the csilonm(‘t.ri(‘. vsiliu's without sxny 
(Uscr(‘psim*y sind from this he (‘omdmh^s thsit 
th(‘ mol,(‘cuI(‘s in t.h(\s(‘. csia(‘s diasociat(‘. into 
t.wo ('.onstitu(‘nts wit.hout any furtluu* (‘xcitsi- 
t.ion of (‘it,h(‘r of tiiem. diiis would mean 




Fig. 1. 

thsit th(‘a(‘. mol(‘cul(‘s sire of ionic linkage 
thus refuting the ('ommonly susceptc'd idea, 
lirat' ])ut. forwsird by th*an(*!v, that the llydro- 
g(^n lisilid(‘s sir(^. di[)olsir molecviiles with atomic 
iinksigm In this note our object is to i:)omt 


1032, 138, 81; Z./.P., 1932, Bsmd 77, 

405 . 


out that the determination of the true long 
wave-length limit of absorption is not very 
simple. The following considerations will 
throw some light on the problem. In case 
of gases giving only continuous absorption, 
the potxmtial curves for tlie molecules in the 
two states arc somewliat as shewn in Fig. 1. 

Since in the process of dissociation, the 
constitiumts of the molecules after separation 
move apart witli varying Idnetic energies, 
eurv(‘s showing the relation between the 
number of atoms or ions and their kinetic 
en(U‘gy would become Maxwellian as shewn 
in Fig. 2. The corresponding curves for the 
continuous absorption sx3ectrum giving the 



Figo 2. 

periumtge of absorption and wave-length 
would accordingly be similar in nature. 
From the natur(‘. of these curves one can 
presunu‘. that there should be increased 
absorption throughout the absorbed region 
with. incr(‘a.sing’ number of molecules and 
had the fundanumta! vibration frequency 
of th(^ molecules b(‘mi very high so tliat almost 
all the molecules could be supposed to be 
in the normal state- of vibration, there would 
be no variation of the long wave-length limit 
of absorption with x)ressure. But if the 
fundamental vibration frequency of the 
mol(‘Cules be not very high as is usually 
tlie case, them at the ordinary room temx)era- 
ture the number of molecules in the higher 
vibrational states would perceptibly increase 
with pressure and this would necessarily 
cause a shift of the limit of absorp- 
tion towards longer wave-length. Besides, 
an increased pressure would enhance the 
perturbing influence of the neighbouring 
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molecules and may also lu^lp the juocess of 
dissociation by tliermal collision, both of 
which factors may produce a sliift towards 
longer wavedengtli. From all these considera- 
tions one would rather expect, contrary to 
Datta's observation, a shift of the long wave- 
length limit with an increase in pressure. 
Thus, for an accurate determination of the 
heat of dissociation one has to take account 
of all these efiects and conduct experiments 
at very low pressures and temperatures with 
a fairly large number of molecules in the 
chamber, i.e.. with a long column of the 
absorbing gas. 

The experiments with N.,0, ITRr and ITCl 
have been repeated by us with an absorbing 
column of length 25 inches at various pres- 
sures and from microphotometric examina- 
tion of the plates the long wave-length limit 
of absorption in each case has been found 
invariably to shift towards longer wave- 
length with pressure. Calculating the heat 
of dissociation from the limits obtained at 
lowest pressures in our experiments it is 
found that in every case the optical value far 
exceeds one from thermal measurements. 
And this is what one would expect as in 
thermal experiments usually a large quantity 
of gas at atmospheric pressure is taken so 
that there are considerable number of mole- 
cules at higher vibrational staters which would 
require on an average a much lesser amount 
of thermal energy for their dissociation as 
compared to the condition prevailing in 
the optical experiments at low pressures. 
In case of IIBr and HCl, allowing for the 
Turner term difference for the halogen atom, 
a satisfactory agreement is obtained between 
the two values when photographs ar(^ taken 
at atmospheric pressure. Our observations 
therefore confirm the original idea put for- 
ward by Franck that the liydrogen halides 
are dipolar molecules Avith atomic linkages 
and this is also supported by the fact that 
there is no record of the second region of 
selective absorption which one generally 
finds with molecules of ionic linkages. 

A detailed paper will soon be published. 

S. Datta. 

B. Chakuoborti. 

Physical Eesearch Laboratory, 

Presidency College, 

Calcutta, 

January 18, 1936. 


Constitution of Water in Solutions. 

In a previous communication,^ one of us 
described the results of investigations on the 
Eaman spectra of water in different states 
and at different temperatures. Therein, it 
was found that the changes observed in the 
structure of the Baman band for water 
under the various conditions of aggregation 
and temx)erature could be satisfactorily 
explained on the hypothesis of molecular 
association in pure water giving rise to double 
(11,0)^ and triple (II., O).^ molecules in addi- 
tion to the single ” molecules (H.,0), the 
equilibrium between which changes with 
change of state or of temperature, with 
the result that their relative proportions 
are different for the different conditions. 
From a study of the intensity variations in 
the structure of the band, it was possible 
to quantitatively estimate these proportions. 

That the influence of dissolved electro- 
lytes on the structure of the Baman water 
band is similar to that of temperature 
variation w^as already pointed out from a 
l>reliminary study- of the Raman spectra 
of solutions in wnter of a fcAv strong elec- 
trolytes. But a more systematic study 
was found necessary before any definite 
conclusions could be drawn as regards the 
origin of these changes. Such a study was 
therefore undertaken with a number of 
solutes belonging to different types of sub- 
stances, uf:;., strong and weak electrolytes 
and non-electrolytes. The following is a 
summary of the main changes in the structure 
of the Banian band of water with varying 
concentration of different kinds of substances 
dissolved in it. 

1. There is a general sharpening of the 
band with increasing concentration of the 
substance dissolved, to whichever class it 
belonged. Tliis plienonienon is similar to 
that observed witli cliange of temperature 
of pure water. 

2. With increasing concentration of the 
solute, there is a shift of the centre of the 
intensity maximum of the band towards 
larger values of the Itaman frequency, except- 
ing in the case of ITCl and chlorides belonging 
to strong electrolytes, and acetone, which is 
the only substance jiertaming to non-electro- 
lytes that could be studied. 

3. The smaller frequency branch of the 

^ I. Ramakrishna Bao, Nature, 1933, 132, ISO, 
and Proc. Roy. Soc., 1934, 145, 489. 

2 I. Ramakrishna Rao, Proc. Roy. Soc., 1931, 
131, 489. 
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1)5111(1 ;iiiri})utr(Ml to tli(‘ tripl(‘. nioUHiules 
(litnini,slu\s in intxniKity in nil (*.5is<\s tlvus 
fnv s(.n(li(Ml, (^xnnpt ror lUM nnd chlorides, 
wiuMH^ 1 lu‘. c]nin< 2 ,*(‘ is not so sysl^cnunto*. 

•1. Wit.h stron.ii: (d(H*.tr()lyt'(‘S, (lilT(M*(‘nt. snb- 
stiinces (lissolvc‘(l. to tli(‘ sninc inohir (‘.oiHHoitni- 
tion r(On‘iil(Hl dithn’ciUH^.s in the ini.e;iusity 
distribution ol* tln^ bnnd. Wluni, howi^ver, 
t.!i(‘ S5un(‘ solutions ni'c st.udi(‘d wii-if tli(‘ 
\V5it.(‘r contniiunl in t.lnnn (‘{pin,)is(Ml, these 
dinVr(Uic<‘s diminislnMl to .‘V hii'iO' (^xhent 
ilidicnt iniA' t luu’idiy t lnii t !H‘ inthnnuo^ oT 
nil sul)st 5in(*(‘s on th<‘ struct. nr(‘ of (.lu‘ water 
blind is siinilnr. \'(d. c<u't5iin minor dilhn*- 
(mc(‘S in tin‘ intiuisity distribution oT t.h(‘. 
bnnd, \N'hich :u’(‘ mindi mor<‘ t.linn th(‘ pi'ob- 
nbl(‘ (M‘ror in t ln^ (sst imnt ion of iu((nKsity, 
p(U‘sist(Ml, indic5itiny; tJuundiy tln^ siunll but 
d(‘linit.i‘ inlluiuiee olhsudi (diM'trolyi.e by ii.s<df. 

5. Tln^ solution oT (‘iicli (‘hud.rolyti^ wil.h 
tli(‘ S5inH‘ conccmt.i’nt ion studii^d with iiuonnis- 
in^’ t (‘in[K‘rat ur(‘ r(‘V(‘nl(‘(l nn (mlniinaunimt 
of t.h(‘ eluiu^’(‘s in t lu^ int.iMisit y dist.ribu t ion, 
tb(‘S(‘ vnriivtions with t.mnpcu'nturi^ in t.lu^ 
st ruct ur(‘ of t in' bund Ix'iiii*' most. (M)ns])i(Mi()ns 
for those* suhst5Mic(‘S which nn* known, Ti'orn 
cln'iniciil (‘vide'iUM*, to Form !iydra.t.(‘S. 

'’rin* itbovi* ph(‘nonn*na. arc* (‘x jila-iin'd on t.ln* 
hyjiotlu'sis tlint. tin* (*hunu‘(‘s brou^iit. n.hout 
by incre'usin*’' proport ion of solute* are* ma.iidy 
due* t.o clian^’e's in the* e'onst.it.ution oF waiter, 
arising* out> oF a chan^’e* in the* e‘<{uilibriuin 
be‘t\ve‘e‘n tin* sinii,ie*, double* Uiiid triple* niole*- 
c.ule*s. ’'Phis hypotlu'sis is st-rouiu’ly suppoi’tenl 
l)y t he* obse'rvjit-ion t liat> solid. ions oF elilTeaamt 
substane*e*s e'ont.jiinine; t.ln* same* anioiint 
oF wate'r ij,'i\'e‘ rise* to a Kiunan band \\hi<*h is 
almost similar in sliajie* u.nd posit. ion for 
all case's. Idle* minor dii'Fe‘re‘nce‘s which st.ill 
pe'rsiste'd are* atirihute'd to (In* Formation oF 
iiyeh*ate*s, wliicli is elilTe're'ut For diFFeMHud. 
suhstune*(*s. The* diminut ion in tin* int.e*n,sity 
oF the* smulle*r Fi’e*ejue‘ne*y peirt.ion oF the* baiuel 
u.ttribute'd to ti’iple* inole*cuIe‘S is t.ake*n t-o 
indicate* (In* re'lative* instu.bilit.y oF t.ln* t.riple*- 
mole*cule*s coinpiii-e*d to the* ot.lu'r t.ypem at 
hii;in‘r conce*nt. rat. ions oF the* elissolve'd HUb- 
st 5inc(‘s. 

The* te'iufie'rat lire* va.risd.ion oF t.ln* st.ru<*.t.ure‘. 
oF (he* baud with tin* suiuu* (‘.oncout.rait.ion 
e*r a solute* is 5issum(*el to be* also due*, t-o an 
iiu're'asiny; shift in the* e*(pnlibrium be*t.w<.H*.n 
the* thre'e* type's oF wai,t.e*r mol(‘c.ule*s. The 
conspicuousne*ss oF t.he*se* <dian.u'e*s in the 
Cii.se* of substiine'e's whicli iire* known to form 
hydnde'S is (‘xphiine*d as be*in^' due*, in addi- 
tion 1.0 (‘hauLd* in t.ln* wat(*r eepdlibriuni, to 
(ieliyelration or split.ting uj) oF the liydrates 


present in solution into single or eloiiblc 
water niolecul(*s, or o F more* complex liydrates 
into simpler ones. 

I. Eaimakuisetna Rao. 

0. Samuasiva Rao. 
Anelhra Uni versity, 

Waitair, 

Januari/j 1035. 


Magneto-Resistance Change of Nickel studied 
with Alternate Currents. 

\ iSTUDY oF the*. Magneto- Resistance change 
of Miedce*! in Ijongitudinal Magnetic held, 
with Direct Ourremts shows in general a 
(listiiK'.t hyst(*.r(*.sis (viTect and also otlier 
irregularities.' We, liowever, fnid a comjilete 
dis:i.ppi*.iiran(*.(^ oF the hyster(*.sis effect witli 
x\lt(*rmit(*. (hirrents. Tlie r(*.sistance increases 
with ti(*ld showing a saturixtion value as in the 
Cixse of Direedi (Currents ; but while*, in the 
casi*. of Dir(*.ct Ourreuits the d(*.erease of resist- 
ance*. with d(*.creasing held sho^\^s generally 
a hyst.ere'sis effe*.(*.t and exutjxsionixlly the rewerse 
of it, (/.c., the*. Magne*.t()-K'esistanci*. curve for 
([(‘.creasing lic*l(l going below that for increas- 
ing (i(‘ld), no sne.di (‘FlVet is h()we*.ver noticed 
by us in 1 lie*, ('.asi*. of AltiCrmxte (hirrents. We 
jxlso line! t.hat in l.his case, (‘.ach Indf (‘.ycle is 
(‘xaetily Du*, iimige*. of idu*. ot.li(‘.r, wh.(*.r(‘.5is in 
tin*. C'5is(*. of Dir(*.(*.t- Ourremt.s tdie half cy(d(*.s 
are g(*.u(*.nxlly dissimilar uMh*.ss the*, sa-mple is 
d(*ma.gne*.tise*.d (*.v(*.ry time before*, a, resistance 
measureuneid; is done*..- dhu*. perc'.entixge 
(diange*. of r(*.sist.an(*.(g li()W(*V(*.r, when the 
satunitJon is rea(*.h(*.d is of the S5i.m(*. orele*.!' 
as [ireviously m(*asure*.d with Di!‘(‘X*.t. Onrre*.nts 
by ot.heu' invest.igixtors including oiirs(*.lv(‘,s. 

It is im|>ortant to note liere t.hat ii similar 
disappe*5xran('.(*. of the liystc‘r(*.sis looj) in. 
Magne*t.o-R.(*sist.an(u*. (airve^ has beaux pr(*.vi()us- 
ly e)bs(*.rve*(I (*ve*.n wit h Direcd. ('Urr(*.nts in tin*. 
(!.as(‘. of (*.l(Hd.rolytic. iron'' and of Nickel at 
high t(‘-m]>(*ratnr(‘.. ' 

Work is pre)C(*eeliiig to study the problem 
in, all it.s aspe*.(‘.t.s, iind details will lx*. publish(*.d 
shortly. 

M. M. Sion (Iij,pta. 

IF. Mouanty. 

S. SllARAN. 

Departimuit of Physics, 

Raveushaw College, Cuttack, 

January^ 1935. 

’ M. M. Sen ( Juxita and M. S. Alam, Ind. Jour. 
Pkysiesy 8, P. .1, p. D- 

O. Sticrstadl, Phnsical lieu., 1931, 37, 1350. 

O. Sbierstadt, ZeUs.f. Physih, 1930, 65 , 575. 

'i- W. Gerlach, Zeits. f. Physik, 1930, 59, 847; 
Ann. d. Physih, 1930, 6 , 772. 
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The Constitution of Vasicin. 

In an earlier notel we liave reported that 
3-allyl 4-oxyquiiiazoline, on reduction with 
sodium in aniyl alcohol, gave a base 
which was not identical with the similar 
reduction product of vasicin described by 
Spath ct al. It was on this ground that we 
advocated the rejection of the Spath-Nika- 
witz formula for vasicin. 

Again, we drew attention to the fact that 
3-aliyl 3 : 4-dihydrobenz 1 : 3-diazine of Paal 
and Stollberg was not identical with desoxy- 
vasicin.- We, therefore, welcome the publica- 
tion of a recent paper by Hanford, Liang 
and Adams’^ in which both of these statements 
have been confirmed by new experiments 
and also by repetition of our own. New 
evidence against the Spath formula has also 
been found by showing that 3-allyl 1 : 2 : 3 : 4- 
tetrahydroquinazoline and dihydro desoxy- 
vasicin are not identical. 

Hence the question arises as to what is the 
correct structure of vasicin. 

Hanford et al have expressed the opinion 
that the side chain is in the form of a third 
fused ring and have proposed two possible 
structures of which they have expressed 
preference for one. We would recall that we 
have already given one of these formulae as a 
possibility.^ Owing to quadrilateral publica- 
tion from Lahore, Vienna, Oxford and 
Illinois, confusion with respect to the present 
knowledge of the chemistry of vasicin has 
arisen. The position may be summarised 
as follOAVS : 

We established that on oxidation vasicin 
gives 4-oxyquinazoline thus leaving three of 
its carbon atoms unaccounted for. Later 
Spath et al observed the formation of 4- 
oxyquinazoline 3 -acetic acid on gentler oxida- 
tion and postulated an allyl group attached 
to the nitrogen atom in a reduced 4-oxy- 
quinazoline. 

The presence of the allyl grouping has 
never been definitely estabhshed"’ and the 
non-reduction of vasicin by catalytic means 
has been duly stressed. The difficulty in 
assigning a constitution to vasicin arises from 


^ Narang and Bay, Curr. ScL, 1934, 2, 388. 

2 Cf. Chemistry and Industry^ 1934, 53, 698. 

3 J. Amer, Chem. Soc., 1934, 56, 2780. 

4 Cf: Narang and Bay, Chem. and Ind., 1934, 
53, 698. 

5 Cf. Grhosh, Krishna, Narang and Bay, J.C.S., 
1932, 2740, 


the fact that it has 0, therefore a 

formula must be advanced without an 
asymmetric atom. The production of 4- 
oxyquinazoline by oxidation is no proof of 
the ]3re-existence of the oxygen atom in this 
position in vasicin. We have emphasised 
this point in several previous publications. 

It is on this slender experimental evidence 
that we have to grope for the constitution of 
vasicin. Naturally, to guess the correct 
formula one would have to eliminate one 
alternative after the other. Thus those 
arriving later in the field will have a natural 
advantage over the earlier workers. We 
had clearly stated our position in a previous 
paper^‘ and are still working on the 
problem of the constitution of vasicin and 
have covered much ground since last August. 
However, in view of the xiublication of 
Hanford et al^ we desire to place on record 
the salient facts which we have established. 

We have reduced electrolytically substance 
(I) and found its picronolate to be different 
from the picronolate of the electrolytic 
reduction product of vasicin. This disposes 
of one of the alternatives suggested by the 
American authors. We have also found 
that the picronolates of the electrolytic 
reduction products of 2 -propyl 4-oxyquin- 
azoline and 3-allyl 4-oxyqainazolinc are 
different from reduced vasicin picronolate. 

We have also synthesised the substance (II), 



and we are engaged in reducing it electro- 
lytically in order to compare its picronolate 
with that of reduced vasicin. The result 
should show how far the cyclic structure, 
at present indicated, is justified. The full 
experimental details will be published else- 
where. 

We trust that this note on our future 
programme will save duplication of work by 
other investigators, and hope that we will 
be able to complete a problem which has 


® Chemistry and Industry, loc, eit. 
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received our attention for the best part of 
three years without being anticipated. 


J. IsF. Eay. 

K. S. IsTahang. 
H. E. JUNEJA. 

The University, 

Lahore, 

Jamiary^ 1935. 


Constitution of Formic Acid and 
Formates. 

In order to explain the exceptional behaviour 
of Formic acid as compared with its homo- 
logues the suggestion has been made^ that 
in it the ionisable hydrogen is not the hydro- 
gen of the hydroxyl group as in the case of 
the other fatty acids but the hydrogen 
attached to the carbon atom. If this could 
be proved. Formic acid would become not 
only exceptional among the fatty acids, 
but would hold a unique position among all 
organic compounds. A number of substances 
are known having CH, or CH. groups the 
hydrogen atoms of which are reaertive. But 
none of these atoms ionises sufficiently to 
render the compounds acids. HChT could 
be mentioned in this connection. It is, 
however, a very weak acid, weaker than 
carbonic acid and even here probabilities 
are in favour of attributing the acid character 
to the isomeric form HNC. Consequently 
the new constitution for Formic acid cannot 
be accepted as explaining its exceptionally 
strong acid character. There is also the 
difficulty of explaining why the hydrogen 
of the carboxyl group fails to ionise under 
conditions in which it invariably ionises in 
similar compounds. Further it should be 
noted that although Formic acid possesses 
certain properties not in common with its 
homologues it certainly exhibits several 
similarities. 

In my opinion the exceptional properties 
of Formic acid are due to the fact that in 
it the carboxyl group is linked to a hydrogen 
atom whereas in its homologues the carboxyl 
is linked to alkyl groups and that in the 
course of certain of its reactions Formic acid 
is capable of undergoing isomeric change into 
dihydroxy methylene. 


11 - 


-\ 


OH 




OH 


:C/ 


'^OH 


In acetic and propionic acids the alkyl 
groups act as electron sources inhibiting the 
removal of a proton from the carboxyl and 
thus making the substances weaker acids 
just as halogens and nitro groups act as elec- 
tron sinks increasing ionisation of the hydro- 
gen and thereby enhancing the strength of the 
acid. Between the members of the homo- 
logous series up to Formic acid there exists 
only the smaller differences between alkyl 
groups whereas between acetic and formic 
acids there is a bigger jump when alkyl 
groups disappear altogether and a hydrogen 
atom is present instead. 

Though the ionisable hydrogen in formic 
acid is the one belonging to the carboxyl 
group there are indications that the other 
hydrogen atom also is reactive and the 
compound is capable of assuming the isomeric 
form given above. In this connection may 
be mentioned (1) the claim of Scheibler and 
his co-workers of having produced compounds 
of the constitution and 

0(0>Ia).(00,HJ;- (2) the behaviour of ethyl 
formate as " an enolisable subs! ance,'^ and 
(3) the analogous case of hydrocyanic acid 
which is known to react in two isomeric 
forms. On this assumption of the dihydroxy 
methylene form the preparation of Formic 
acid and all its exceptional properties lind 
easy explanation. Its ready oxidisability 
can be represented as below : 


rii-c-oi r:C±zOii-\ ro<-a^oiii 

I I I 

L OH J Loh J L oh J 


CO., -{- ILO <- 


OH 

rO = C~OIl-] 
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L OH J 


The oxidation of aldehydes which takes 
place best in alkaline solutions seems to 
follow a similar course, 
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Formaldeliydc has been known to exhibit 
definite though small ionisation of hydrogen. 


1 Sir P. C. Eay, Nature, 133, 646 ; P. B. 

Sarkar, Indian h'cience Congress Ahstracis, 
Chemistry Section^ 1935. 


2 Ber., 1926, 1031 ; 1927, 554 ; 1934, 312, 

3 Eer., 1934, 314. 
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The old idea of attributiing tlu^ exceptional 
properticKS of Formic acid to tlK‘ existence in 
it of an aldehyde gToiip appears, therefore, 
to be correct. 

T. R. Seshadri. 

J . V. D. College of 
Science and Technology, 
iVndhra University, 

Waltair, 

February d, LD35. 


The Effect of the Substituents on the 
Formation of the Chloralides of Salicylic 
Acid and Its Derivatives. 

Wallach’ prepared the chloralide of sali- 
cylic acid by heating the components in sealed 
tube. In contrast to the aliphatic a-hydroxy 
acids which form the chloralides very easily, 
Wallach found that most of the salicylic 
acid was recovered unchanged. After a 
very tedious separation, he reported to have 
got a small quantity of the chloralide which 
he did not investigate further. 

During the course of their work on chlora- 
lides, Shah and Alimchandani- tried to 
prepare the salicylic acid chloralide. The 
condensation was tried under varying condi- 
tions in presence of different condensing 
agents with no advantage- There was no 
condensation in presence of glacial acetic 
acid or concentrated HOI, while sulphuric 
acid gave a product from which no crystal- 
line product could be sei^arated.^ 

The present authors, because it appeared 
to them that this complexity was due to 
— OH group in the salicylic acid, studied the 
condensation with the methyl ether of sali- 
cylic acid. The main product of this reaction 
which has now been thoroughly investigated 
is 4-methoxy-5-carboxy-l-a-hydroxy-/3^j3- 
trichloro ethyl benzene, the chloral attaching 
in far a position to the — OMe group. This 
condensation, however, excludes the possi- 
bility of the chloralide ring formation because 
the —OH group has been protected. 

The possibihty that the reactivity of the 
free salicylic acid referred to above may 
perhaps be moderated by the presence of 
the suitable substituents in the sahcylic 
acid nucleus was next investigated with a 


1 Annalen, 1S7S, 193, 1-61. 

- J . Indian Chem. Soc., 1934, 11, 545. 

3 Ohattaway and Oalvet, J.C.S., 1928, 1090. 
Meldmm and Hurry, J, Indian Chem, See., 
1034, 11, 535. 


view to get the chloralide of the substituted 
salicylic acid derivative and then eliminat- 
ing tlie substituent to get the chloralide of 
the salicylic acid itself. For this purpose, 
we first studied the condensation of chloral 
with 3-nitro and 5-nitro salicylic acids, (1) 
by heating the components in sealed tube 
and (2) in presence of H„SO ^. It is interest- 
ing to note that although the effect of all the 
substituents individually and collectively^ 
might be expected favourable to the intro- 
duction of the chloral molecule in the vacant 
positions {ortho or fara to the —OH group) 
or for forming tlie chloralide ring, the acids 
were recovered nnehanged. A similar 
experience is recorded by Meldrum and 
Hirve in case of 3-nitro salicylic acid which 
resisted all their attempts to sulphonate.*' 
The methyl ethers of these nitro salicylic 
acids behaved similarly towards chloral. 

The effect of other substituents like Br, 
SO.JT and NH., in salicylic acid is being 
investigated and the detailed results will be 
published elsewhere. 

B. L. Alimchanuani. 

, H. M. Shah. 

S. G. Deo. 

Karnatak College, 

Dharwar, 

January 26^ 1985. 


The “ Non-Protein ’’ Nitrogen of Pulses. 

During the prex)aration of globulins and 
albumins from pulses, there exists, in the 
saline extract, a nitrogenous fraction, non- 
protein in character, diffusible through dialys- 
ing membranes, non-precipitable by satura- 
tion with salts, iion-coagulable by heat and 
indifferent to drastic protein precipitants like 
trichloracetic acid. The extensive work 
carried out on the proteins of xmlses relates 
chiefly to the globulins which occur in them 
in a predominant X)roportion and the methods 
usually enixfloyed for their isolation render 
a recovery of the non-protein nitrogenous 
fraction, extremely difficult and cumbersome. 
Further, there are, at the moment, no 
systematic methods for investigating a mix- 
ture of the complexity represented by this 
fraction. It is therefore not surprising that 
this valuable fraction has not received any 
adequate attention at the hands of the several 
investigators. 


5 J. Indian Chem, Soc., 1930, 7, 887. 
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'rh(‘ :uu()unt. of this rr;i<‘ti(m \vhi<*.h is 
thus lost, Viiri(\s from 10 t>o 55 p(‘r of 

i,lu‘ nitro.u'(‘n by ilH‘ sulino sohi- 

iioii upon (1) 1 lic‘ luit.iirc^ of t.lu^ 

iiu<l(‘r ill V(\st.ijLi:a4.ion, and nud hod 

adopt>(Ml for tlu‘ ost itnabioii of tlu^ non- 
j)rot.(an fra(*iion. It' will b(‘ obsiawial from 
d'a,|)l(‘ I tliai pa.rl icularly lari»‘(‘ (inanf.it ios, 
20-55 p(‘r a.i’(* lost during (I) dia.lysis, 

and (2) sainr-aiion ^^'i^h a.niriioninm snlphai(‘, 
whicii con.sl i( ul(‘ t !i(‘ I wo W(‘ll known nud.liods 
ij;<‘n(‘ra.l!y adopbal for \\\g pr(‘pa.ra.(.ion of 
i)i*oj (‘ins. 

TAui.r: 1. 


I NmtcmiI ni;(‘ of losl^ 

during' isolation of prof (‘ins by 
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1dH‘ av(‘rajLb‘ ('ompb'xity of ih(‘ non- 
prof (‘in fracf ion, as (l(‘f (‘rinin(‘d liy f li(‘ raf.io of 
(.Ii(‘ (dial to amino nil roju;'(‘n, is f^ivaai in d'a.l)l(' 
II, which n‘V(‘als that fh(‘ non-pro(.<dn fra.c- 
fions, particularly 1 host' obi aiiUMl by nlira.jib 
fralion and t richlora('(d ic acid jn’ccipital ion, 

d'Muao II. 


Arn'a(j<‘ ('(uh plrritjf of ihr (Unde Solhie 
h]j'{rorts and Ifu' "non- l^ndrin " Fractions, 
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{'ontain a hi, 2 'li proport ion of very simple^ })cp- 
li(l(‘s. Th(* fracd ion obi airnal by lanit. c.()a.<2ula.- 
tion which r<‘pr(‘S(‘nt s fh(‘ U(‘air(\sl. a.pproii(*.h 
to th(‘ condit ions of (‘uliua.ry pra.(‘ii(‘.(b <*.orms- 
ponds to th(‘ port ion i>“(‘ncrally adniinist-crcd 


f.o invalids and (dtildnai. It is ]>ci.rticularly 
iut'(‘r(‘st iu£>‘ to o])S(n‘vc that tlic averag ‘6 
(‘omph^xity ol tin' fractions in general run 
paralUd to tb(‘ rcc'.ooTiised (^ase of their 
dii;'cst.ibiliti(^s. The non-protidn fraction of 
l\ (U‘(oMfol:lnE, for instance, lias the lowest 
ra.tio of 2 *S in th(‘. In^at coa-ynlatioii series, a 
bict. which is in ha.nnony with tlu*- reputation 
whi('li f,h(‘ piiis(‘ (Mijoys as a very easily 
’lia’(‘sf'ibl(‘ and iinta'ilions source of nitrogen 
during’ (*011 vaI(‘S(*.(‘n(U‘. 

The non-prot.(Mn fra, ef ion of tliese pulses, 
t.h(‘r<‘l()r(‘, in(M*it.s a. d(.Tailed investigation 
no! (udy with r(‘ga.r(l to tludr amino acMmalvC 
np but. also wit.h i‘(‘gar(l to its ifiossible role 
ill inthnuHang t.h(‘ pi'ptisaliility, increasing 
th(^ digi^stibility ami sny) pie meriting the 
possibl(‘ d(‘ti('i(ai(\v of t.h(‘ associated protein. 
An a.f,|.(‘mpi, in this dir(H‘.tion with regard to 
lh(^ wadl-known India-n ])uls(‘>s is now being 
nia.d(‘. 

K\mala Biiagvat. 

M . S RE13N I V A S AY A . 

I )(‘pa.rt nuMil. of Hio(‘hemistry, 

India.n Inslil.uf.(‘ of Stdence, 

Banga.Ior(‘, 

Fvhrnarif T, ///-Vd. 


Synthesis of Vitamin C by Human Infants. 

Tnn ()bs(‘rvait.i(>ns d(d.a.il(‘(l h(‘rc were under- 
|.aik(‘n with a. vi(‘w' to sc(‘ liow far there was 
c()rr(‘spon(l(‘nc(‘ in t.h(‘ imdabolisni in plants 
a-nd a.nin\a.ls in synt.hesivsing ascorbic acid 
from (a\.rbohydrait.(‘S. 

Ivoy’ ha.s shown that S(‘C(llin^s of pea 
ha,\'(‘ M)(‘ proixahy of (‘.onverting* Mannose 
1.0 .Ascorbi(‘. a.c-id to an appnua’able extent, 
(luha. a.nd (Ihosh" have rec(‘ntly found that 
“in vit.ro'’ i.lu‘ isolatcal kidm^y, liver and 
sp)(‘(‘n of rahs in K.ing(‘r solution converts 
Ma.nn()S(‘ inl.o “Vii.ainin Cd'' t.o a signilicant 
(‘xl.(‘n(.. Sonnevlnit (‘a.rli(‘r, Ursula Saunders 
vl aid sl\ow(Mi (ha.(; like '' rats ami birds, human 
infa.ni.s hav(‘. the property of synthesising 
Vitamin ( - and tluit this firoyierty is maximum 
ad. a.n ag(‘ of n(‘a.rly 5 months’' cU* minishing 
a.nd ultima.tely disajipearing aft(‘r 14 months. 

''r h ( ' p r ( ‘ 1 i in i n a r y oh ser v at io ns here 
(h‘S('rib(Ml (‘arriial out with a healthy 

boy of 5-(> luoniihs old (author’s nephew), 
(‘ui-iiady brea.Hi.-lh(I. The. nrine passed between 
tlu‘. hours of r> to 11 a.m. was collected 


• S; N. Boy, IHocIwni. J., 1934, 28, 9 99. 

“ 11 (k (Uih\. and A. 11. (diosh, Nature, 1934, 

134, 739. 

Ursula Han ndca's claf Nature, 1934, 134, 142. 
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over sulphuric acid and examined according 
to Tillman's Technique as modified by Birch, 
Harris and Eoy."^ The morning urine only 
was tested following the experience of John- 
son and Zilva.^ As the urine was always 
almost colourless, the precautions during 
titration suggested by Emmerie and Eckelen^’ 
were not necessary. For the first live days 
the normal urine of the child was daily 
examined. Then for the next succeeding 
days the child was given a daily dose of 
1 gram Mannose with the mother’s milk at 
7 p.m. The results observed and graphically 
represented below are very interesting. The 
ascorbic acid content under Mannose feeding 



showed a considerable amount of increase. 
A detailed examination of the above results 
with other details and discussions will be 
published in the Transieiions of the Bose 
Research Institute. 

Hirexdua ISTath Banerjee. 
Bose Eesearch Institute, 

Calcutta, 

January .28^ 1935. 


Starch Accumulation in Stenosised 
Cotton Plants, 

Stenosis of cotton plants, a malady which 
has attracted serious attention in recent 
years, is characterised by a diminution in 
the size of the leaves. Microscopic examina- 
tion of sections oE tissues revealed that 
starcli had accumulated in the leaves, the 
vascular bundles of petioles, stems and roots 
of stenosised plants, while sections of not 
only the healthy plants but also those of 
the healthy branches arising from diseased 


^ Birch. Harris and Eoy, Biochem. J., 1933, 

27, 590. 

^ Johnson and Zilva, Biochem J., 1934, 28, 
1393. 

^ Emmerio and Eckelen, Biochem. J., 1934, 

28, 1153, 


plants did not show any accumu- 
lated starch. The starch content of the 
leaves was estimated by Allihn’s method 
and the results (on dry weight basis) obtained 
are given below: 

Table I, 


Per cent. Starch on dry weight basis 


Material 
( Leaves) 

1 

Preserve;! 
in alcohol ' 

F resh 

Ratoon 
crop pre- 
served in 
alcohol 

Plant 

partially 

stenosised 

Healthy 

13-25 

11-00 

11-25 

12-25 

Stenosised 

18-30 

17-50 

1 

15-75 

. 16-75 


V. K. Likhite. 
G. H. Desai, 
Eesearch Laboratory, 
Agricultural Experimental Station, 
Baroda, 

October^ 1934. 


Production of Dwarf Amphidiploid Tobacco 
Plants by Hybridisation. 

In crossing Nicotiana rustica var. humilis 
(2n—4tS) with N. glauca {2n==24) the pollen- 
tubes of glauca reach the ovary of rustica and 
fertilisation occurs but the embryos die in 
a very early stage of embryonic develop- 
ment. In crossing N. rustica var. texana 
(2n=48) with N. glauca^ E^-hybrid (A. 
rustica var. texana x N. glauca) w^as produced. 
E^ -hybrid developed normally and reached 
a height of about 150 cm. The same size 
had the paternal plants growing at the 
same environmental conditions, while the 
maternal plant had a size of about 80 cm. 

This case shows clearly that the production 
of species hybrids often depends on the 
genotype, i.e., on the variety of the species 
used in the interspecific cross, a phenomenon 
noted before in Nicotiana too (KostofE, 
1930).' 

The reduction division in was irregular. 
Eestitution nuclei and dyads were occasion- 
ally observed. The hybrid formed about 
5-12% viable pollen grains of various size, 
but it was self-sterile. We selfed flowers 
of the hybrids and then pollinated the same 
flowers with pollen from N. rustica var. 
humilis or var. texana. 


I- 1 Kostoff, Dontcho, Ge^ietica, 1930, 12, 33-139, 
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Kroni (*r()ss(‘s wen^ produced 

from which plivnin wt^iH^ raiis(Ml. Amoni^st 
t,lu\s(‘ pliinti.s \\c found triploida (2 rustlca 
^(‘nonuvs + l (jlanra -{‘A) (diromoHOiniss), two 
tctraploiilH (amphidiploids) wit.h 72 chronio- 
SOUK'S, one pcntraploid pla.iit with 9(> chroino- 
souKss (2 rnstica .i’xmouK'S i 2 (jlanra- «j!:(momcs), 
and chromosomail a.bcrraiUt.s with (‘Iironio- 
sonu' nmidx'r ^‘radiiii*' from IS l.o 70. The 
triploids w(‘n‘ many mor(^ (about, 10) than 
th(‘ chi'omosomal abmTants (about. 15). 

9dK‘ :imf)hidipl(>ids W(‘r(‘ dirarfs. One. 
i-(‘acluMl a siz(‘ of ahout lli cm. a.nd foniK'd 
a. (loW(‘r. ddK‘ la.tim* dropptMl bi'ror(' S('t.i.inij;' 
s(‘(‘<ls. Th(‘ other ain phidiploid .u’rmv tidier 
a.nd r<‘a.ch(‘d a. siz(‘ of ahout. 75 (an., /.r., 
sma.lhu* than the panmia,! phuit.s, F,-hybri(l 
and th(‘ tri]>loids. It. th>W('r(‘d a.nd set, s(‘eds 
a.ft.(a‘ S(‘llin.<i.-. All of tht' phuit.s i*Tew iu 
t.h(‘ iiT(‘(‘n iious(' a.l. a.bout. t h(‘ sa,m(‘. (uiviron- 
numtal conditions. Specda.l (‘a,n‘ wa,s ta.ken. 
for th(‘ ini{)roV(‘ni(‘nt. of t.lu' <i:rowt.]i of th(‘. 
a.mphidiploid tha-t was a, bout 12 (.ms. t-a-ll, 
but' without a,ny ix'sidts. 



Fig. 1- 

A .somatic plate Irom an amphidiploid 
nis'lird-t/hnicu plant, 

Th(‘ product ion of dwa.rf anipliidiploids 
with lower vitality than t 1 k‘ pa,rent.a,l spt'tdt'S, 
llu‘ h'j hybrid, tlu' t rijiloids, a,nd t.h(‘ ma-jorit-y 
of th<‘ clu’omosomul a.b<‘rra-nt.s indi<*atr(‘S t-lnd, 
tlu' amphidiploids, or <xcn(‘ra.lly spt'a.kini'j, 
IIk' t<‘t raploids {ridr also KostolT a,nd I\(‘nda»ll, 
lO.'tl)'' ar(‘ not alwa.ys “^’ia.nts” ami t.hah 
]H)lyploidy is a. limittMl fa-ctoi* in. (‘voluthm. 

A too |.(n‘at incnaisc' of tlie cliromosonu'. 
mnnlx'r low(‘rs tlu^ vitality of tlu' orf;’a,nisni. 
.In rt‘a!ity w(' know v<'ry f(‘w plant.s in nature 
with 200 (*hromosoin(‘s or mon' t-ha,n t.ha,t, and 
th('S(' plants ari‘ not. ‘‘^*ia,nts” iu c.om])arisou 

*’ KostotT, l)ont<*ho and Iviuidall, ,la.n:i(\M, 
GaHothauirissrnsrhdff y lO^M, 9, 20-11. 


to the other species of tlie same genus having 
smaller chromosome numbers. 

Dontoho Kostoff. 

Department of 
rnt('rspeci[i('. ITybridisation, 

Institut(‘ of Genetics, 

Acadtuny of Staences of IJ.S.S.R', 

January, 1936. 


The Life History of U iricUlaria coendea L. 

Of the ft'.w morpliological studies in the 
Lentibula.ria.cea',, tlie work of Wylie and 
Yocoin' on tin', formation of endosperm in 

trivnlarUi vulgaris is the latest. The 
following is a brief account of the life- 
history of U Irlcularla cocrulea. The larger 
paper will be publislied. shortly. 

TIk^ ovary has an indefinite number of 
ovules, cacli witli. a single massive integu- 
ment. A single archesporial cell functions 
directly as I, lie megaspore mother cell and 
gives rise to the linear tetrad of megaspores, 
the lowest of which develops into the 
(dght-riuclea,te embryo sac. The nucellus 
disorganis(‘.s very early. The embryo sac 
Ix'.gins to grow out of the rnicropyle (Fig. 1) 
a.t tli(‘. f()ur-iiu(*hvate stage, so that finally 
th(‘- (‘gg a,ppa,raitus lies outside the ovule 
wh(‘.r('. the pollen tube meets it. The 
mic.rojiylar end of the sac, which thus lies 
(‘.xj)()S(‘.d is iu (Kiufact with a ricli placental 
nutritive t, issue on wliich it feeds. The 
a,ntii>oda.l end is tapering and lies in the 
midst of a cduilaza.l nutritive zone (Fig. 2). 

Syngamy is elTeid.ed in the resting condi- 
tion of both th(i egg ami the male nucleus, 
tlK’> chromatin of tlie latter staining more 
deeply. Varia,tious in triple fusion are 
<)bs(‘rv(‘.d : — {a) tlui polar nuclei fusing first 
a-nd them the siatond imile nucleus entering 
into t.he union, {b) the second male nucleus 
fusing Drsl, wifli oiu'- of the two polars, and 
(c) the two polar nuclei and the male nucleus 
fusing HimuII]a,n(K)usly. In all cases the tw^o 
polar nmdei do not fuse but merely lie close 
togid.her un<;il the se(*.oml male, nucleus has 
e.omo in (‘.oiitact with them, and not 
immediately on tlie entry of the pollen tube 
a.s stated by Wylie and Yocom. 

Till', fertilisial egg wliich is externally 
situated puts forth a slender tubular growth 
which entering tlie rnicropyle, pierces 


‘ Wylie, 'R. IL, and Yocom, A. F. ( 1.922), “ The 
Fndospcinri of Utncuhiria,’ (Abstracted from 
Karl Sehnarf’H JtJmbryolojie der Arujios'permen, 
Rerlin, 1029.) 
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binucleate and take an active part in tlie 
absorption of nutrition from the placental 
and chalazal nutritive tissues. After their 
function is over their nuclei break down 
(Fig. 6). 

The cytology of the pollen mother cells 
has been worked out in detail. The mode 
of chromosome pairing is parasynaptic. The 
haploid number of chromosomes is deter 
mined to be twenty. The tetrad of pollen 
grains is formed by the quadripartition 
furrows along with vacuolization. The 
pollen grains at tlie time of shedding have 
each a large tube nucleus and two. spindle- 
shaped male cells (Fig. 7). 

Grateful acknowledgment is made to 
Dr. M. A. Sampathkumaran for direction. 

S. B. Kausik. 

Department of Botany, 

Central College, 

Bangalore. 

January, 193^^. 


Proliferation of the Cone in a Species of 
Belaginella from Garhwal. 

The plants were collected in August 1931 by 
the late Professor S. E, Kashyap from the 
Alaknanda Valley in Garhwal at a height of 
about 8,000 ft. above the sea-level, and were 
kindly handed over to me for investigation. 
A preliminary paper on the subject was 



X 4 

Fig. 1. 


read by me at the Botany Section of the 
D^ineteenth Session of the Indian Science 
Congress held at Bangalore in January 1932.^ 

The plants belong to the sub-genus Stachy- 
gynandrum of SelagineUa^ as they possess 
uniform bracts and ordinary leaves of two 
kinds and spreading in two planes, those of 
the upper plane being smaller and more 
ascending. They show characters closely 
resembling those of S. Gaulescens sp. The 
stern is on the average about 9 inches long, 
erect and unbranched in the lower half, 
with spaced adpressed leaves. The spikes 
are square and the bracts are ovate, 
cuspidate. 

In many cases the hornophyllous cone 
continues to grow and may produce one or 
two cones in continuation (Fig. 1 a, b and 
Fig. 2 c) or branch out into two cones at 
the tip (Fig. 2 d, e). All these cones have a 
sterile region at the base, where in many 
cases the leaves show a clear tendency to 
revert to the dorsi-ventral arrangement 
characteristic of the vegetative region, but 
have not been seen, to acquire fully the 
dorsi-ventral arrangement typical of the 
purely sterile parts. 

In Selaginella, as a rule, the cone is 

^ P/oceedi igs of the India i Science Congress, 
19th Session, p. 308. 

2 Bakov's Handbook of the Fern Allies, London, 
1887, p. 32. 
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terminal and iinbraneluMl. iMiss MilclKdl, ■ 
Iiowever, has d(*s(*rib(‘d Mn. loilowiiin' lour 
variations from (-he iiormal (yix- : (1) In 
S. paiula and Ah ruspidala Ixwoml (.]i(‘ 
homophyllous com^. th(‘ axis e<)n(inu(*s lo 
grow vegetatively K^vandiiig (o dorsi- 
ventral structure^. (diiu*a(‘.i<‘ris(.i(*. of (h<^ 
ordinary st,em’\ (li) In an nn-named specie's, 
from India, prol)a-i)ly aV. pnmala^ I-Ik' sa.im^ 
phenomenon wa-s ohseu’ve'd ‘‘ sa.v(‘. (.ha.t 
abordve spora-iigia- were piodiH'cd in l-ln* 
axils of the vegeta-tive*. l(‘a.v(‘s following (In* 
tip of the cone, illusl-ra.l-ing |.h<‘. gradua-l 
transition between the f)urely st(‘!‘il(' ami <m- 
tirely fertile re^gions.” (d) In /S'. vnjUirof.Hs a 
second cone wa,s prodmuxl on «a. fenl.ih^ l)ra.neh 
after an intervening s(.(‘rile region (‘idln'ly 
devoid of any vestige^s of sf)ora.ngia-, in oj-lna* 
words, two definitely feif.ih^ regions oeemrnMl 
in the same branch. (1) In /S', orcijana (he 
strobilns is genuinely bra-iudu'd. ddnua' is a. 
region with eaiia'i’idy a])ojI('d sjiora.ngia. ai. 
the base of the branelK'.s, bul- l.h<'. I(‘a.v<*s of 
this region retain tlu'. ext(a’na,l form of l-lu‘ 
sporophylls. 

A genuinely bra-nclied st roi)ilus has beam 
described by the writ(‘.r‘ in /S'. palUdisxiina, in 
which sporangia, are found in i,h(‘. whole of tli<‘ 
branched structure, bul- a-r(s a-s a. mb', 
confined to the a,xils of f-lu'. sjiorophylls 
of the lower plane only, tln^ upfxu* sjioro- 
phylls being generally s((‘i*il(‘. 

The nature of the piolife.ral-ion of l-lie 
cone in the species from (la,rhwa,l <I<‘s<*rib<‘d 
above does not fully corn'spond wi(-h (.ha.(. 
of any of the ca,s(‘.s aliM'ady la'cordcal, bul. 
seems to combine the last two a,bnorma-liti(‘s 
mentioned by Miss Mitcln'll. Ih’g. I shows 2 
and 3 definitidy fert-ih', ri'gions 0(*.eurring on 
the same brancli, resembling t,h(^ <*.aH(‘. of 
S. erythropus, w'hile Fig. 2 shows gmiuimdy 
branched strobili liki'i th()S(‘. of /S', ovafaiui^ 
witli the slight differencci tha,t tin*, huums a.t 
the base of each fertile portion are sterile a.nd 
show a tendency to revert to tlu^ a.rra,ng<‘- 
ment characteristic of the v('getativ('. r(‘gion. 

In these proliferatixl coiu'.s there is a, 
tendency of alternation of sterile and f<u-tih^ 
zones, which suggests the condition nor- 
mally occurring in the moie f)rimitiv<^ 
Lycopodiaceaf 

ri. L. (Irrosio. 

Botany Department, 

Government College, Laliore, 

January 21^ 1086. 


3 Annals of Bot' my, \\)1()^2A, 21 - 25 . 

Ahh/z/Y// IlUloru Socicly, 


The Somatic Chroniosoines of (hu/itma 
itidira Kiinth. 

Iiii'iSulieul poinls ol a pafici* lo b(‘ published 
elsewlK'ix' ar(‘ s(‘t forth in this note winch 
di'uls ess(‘iilially wilh llu' <di nuiuKsonu' mor- 
phology of r/v/Zum indim^ :i ooumiou bulbous 
plant ol I h(‘ (‘usl eoasl of Soul p India,. Tiic 
somatic nunilx'r is iweniy : all (lie chroino- 
soiiH's nre noj of (spial si/a* and I hov (‘xhihil 
“soma(i<‘ [)a.iriiig” (Fig. l ). The' comple- 
ment is resolv(*d iiilo four In p(‘.s on tin* basis 
ol tin* si/<‘ of jh(‘ (du-omo.s{nn(‘s {I^'ig. 2) 
I)(‘(ails of mitosis \Nhieh have bt‘(*n worke<l, 
show I lull (in* early prophas(‘ eliromatiii 
lhi(‘ads arc* donbh* and tin* s[)ira! iiiilnre of 
Mn* <'hroma.lids is <lisnnelly N'isihle. Tin* 
m(‘la|)has(* chromosomes wlnddi result from 
th<* iin<‘a,r eorilraelioii of (In* (diromalids of 
tin* jirophase lhr(*ads ai’e math* up of two 
eylimlrieal halves /(‘hroma I i<ls) whieh are 
sonietinn‘s s<*<‘n lo })e hollow, fjrobahly an 
a.rl(‘fa.et. In (‘arly m<*lap}ias(‘ ehrortiosoines 
tin* two limbs ai*e mor<' or less separali* 
eX(M‘pt a.I the K'gion of ( be (*misl riel ioii while 
in tin* rulMm*lapiias<*, (h(‘y an* v<‘ry closely 
nnil<‘d. H'ln* s(*j)ara!ion eommenee.s al the 
const ri<‘l ion : lienet* th(‘y an* al laelmi(*ii|- 
<‘onslri(*iions. The anapiiase ehriunosom<*s 
b(‘ing nu'rely (Ik* st*paral(*d (diromalids of Hu* 
m(*ta.phas(* oiu*s an* only singh* evlindrieal 
stiiK'liues \slii<di .sonu*l{mes on ai’coinil of 
th(*ir hollow nalun* .simulab* a (liial siriielure. 
Tin* two <‘dg<‘s of lh<* evlind(*r present | h(* 
a.pp(‘a.ra.nei* of (wo paralh*! Ihrt'ads wilh a 
i(‘ss d<M‘|)ly staining ini t*r\ cning spaix*. The 
\\ I it(‘r is no! abh* lo suppoii I h<* chronioiH'imi 
tlu'orv whi(*h (‘inlows (In* anaphasi* ehroiuo- 
sonu* with a dual st met nn* and I ht* mi*laphase 
<>n<* with a (|ua(lripart il (* slrueliin*, I he 
(dll omoiKUi la.l a. Ix'ing siippos(‘d to be (*mhi*d” 
(led in a-u aehromatie matrix. Tin* observa- 
tions r(*eord(*d iiereiu do not allow td’ siieli au 
a-ssumption. 

I li(‘ (diara.el (‘ids! ie nneb*olar behaviour 
s(‘(‘ms lo lx* fragm(*n!al ion prior to disiulegra™ 
t'h>n. It is singh* lo start wilh, always 
surrou n(l(‘< I by a. “halo and l»v a proe(*,s,s of 
budding sepai'ali's into a numltei’ of hils 
wbi(di linally (lisapjx*ar. hh’e(|ui‘iil ly llu* 
nu(d(*()li ar<‘ <*xlrinl<*d tnlo I he cvlofdasm and 
o(‘eaHionaIly they persist uplo llu* late m(‘(a" 
plnnu*. 1'1h‘s<* tak(*n (og(‘flier indii'ati* tlx* 
absi'iiec* o( any direet r(‘lation lx*twa'i*n tlx* 
nu(*l(*()lus a.nd tlx* (‘bi'omatin nuiti'rial of tlx* 
eliromoHoiiH's. If anything, it ean lx* (miu- 
sid(‘r(‘d t-o !><* a, (b*hydra( (*(l bit of 
plasm. 
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Fig. 3. 

A. A pair of 1‘Uij.': chrariu jsouirs witli sub- 
t (M’lnitial consf rirl ion. 

H. '^I'wo p;»,i rs of rhroinosc )nfH*x slijj;'}iMy sboi'ter 
tlia.ii A and po^st^ssinij: aJso sii l)<(M‘rninaJ constric- 
iion. 

I). d\v(> pa.irs (>r v(‘ry slioi't. (dirornosomcs witli 

pr()niin<‘nt subt (*riniaa.l const.i'iction. 

(^. pairs, int (‘ia![i<alia,f <“ in size between B 

and 1>. Of l.lH\si‘ (yn(‘ pair (h sliows a secondary 
constritdaon at its disi a,l taul in th(y nature of a 
satellite. In anoth(‘r ('. the segment beyond the 
constrict.jon is nunut(^ 


Trix:)loidy has also boon observed : the 
cliromosomes occur in sets ot threes in the 
complement (Fig. 3). 

T. S. Faghavan. 

A n n a-in al ai U ni ver sit y , 

A n n ai nalain agar , 

January 20^ 1226. 


Polyembryony in Murraya Icmnigi (Sprang). 

Tun pluniomenon of ])olyembryony has been 
observed till now as far as information could 
])(‘. ga.t]i(u*(Hl in only two genera of the family 
Rntaceau Tliey are Citrus, and Xanthoxy- 
lon. In both these cases the additional 
embryos take tlieir origin from the nucellus. 
In Xanthoxylon,’’- fertilization does not 
tak(‘ place. Tn Citrus, fertilization has 
b(‘en observ(‘d and the normal embryo also 
d(‘.velops. While working last year on the 
(\ytology and Morphology of some Rutacem 
it was noticed that a third genus of this 
family, Murraya^ exhibited this interesting 
f(‘atur(‘. 

The embryo sac. of Murraya. lcam.igi is of 
t.h(^ normal S-nnch^ate type. Fertilization 
has hacn obs(‘rv(‘d. The (‘gg divides late 
by whi<‘h time th(‘ (ndosperm will be in the 
fre(» nuch^ar states It (*an be seen now that 
most of (*.(dls of the nucellus at the micro- 
])ylar r(‘gion stain dark. Tluvy are all ijoten- 
tially (unbi‘yog(uious and most of them under- 
go furtlKU’ dev(‘lo})ment. But only those 
embryos that li(^ on or very near the border 
of the (unbryo sa(*. cavity project into it and 
conf.inue to develop further (Figs. 1 & 2, 
from sections ol* the same ovule and Fig. 3). 
Thus num(U‘ous muadlar (unbryos develop 
side by side with tlie normal one, leading to 
intiuise overcrowding which in cases 
mak(\s it ditlicult to demarcate indivi- 
dual (‘.mbryos in a group. The normal 
(unbryo (*.an distinguished usually from 
th(‘. micellar embryos by the presence of a 
suspensor. Siuial sections of a fairly mature 
seed show 2 or 3 embryos with developed 
eotyl(Hlons, and 10 or more others which 
hav(‘. ])rojeetc‘d into the embryo sac cavity 
but with no cotyledons, and still more 
niinu‘-rous embryos embedded in the nucellus 
(Fig. 4). 

1 Schiirhoff, Der Zytoloqie der Bluten Pfianzen, 
1926. 

- Schnarf, Emhryolocjie der Angiospermen^ 
1929. 

^ Osawa, “Cytological and Experimental 
Studies in Citrus, ” Coll. Agr. Tokyo, 1912, 2. 


362 


CURRENT SCIENCE 


[Fkhruary 1935 


A rigorous developnieiital sdoction seems | tlu^ embryos arc' iu’r(‘s1.(Ml in Munr growth at 
to operate in the embryogeny of Murraya i earlier stag(‘s of (i(‘V(‘I()pni(‘nt. 

'koonigi, Tliougli <a large number of micellar 

embr^ms take their origin only some 10-12 It. S. 1 ■hakk.avak’Tuy. 

successfully develop further in the embryo- Central lk)lleg(h 
sac-cavity. Of these successful ones only Bangalore, 

2 or 3 develop the cotyledons. The rest of Felmianj .2, 

Fig. 1. X 240. Fig. 2. X 24 0. 


Fig. 3, X 2S0. 


Fig. 4-. X SO. 



Bulbils in Sorghum. 

The ordinary sorghum is from a single- 
seeded spikelet. There are some races in 
which the spikelets bear two seeds and 
occasionally three. In the case of two 
grains the extra one is borne in the axil of 
the third glume which develops a palea of 
its own. When three grains occur the third 
one is formed by the twinning of the usual 
grain in the fourth glume. In the second 


generaflon of coT taiii (‘.|•osK(‘s Ix'.twfum d()ul)ie- 
seeded and singl(^-se(M^(‘d varied, i(‘s simill 
greenish bodies were; nol.e'd in tlu^ spikehd.s 
at the pre-i'ipening stages. Th(>, wliolc! 
population Avas oxarniiKMl and tliis curious 
phenomenon was (ioniined to 8 jilants in a 
total of G7-1. In these eight plants, 22 siicli 
structures wore noticed, the maximum being 
tmee in a head. The spikelets were examined 
and it was noticed that these green bodies 
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\V(‘-r(^ l.iny bulbils resulting from tlic conver- 
sion of oiu‘. of tlio griiins into a, leaf-likc 
stru(*-tur(‘, (s(H‘. illustration). The bulbils 
ra.ng(Hl from 0-5 to 3-5 cm. in length, the 
most rrcf|ucnt being li-h (uu. The patlioiogi- 
(uU origin of these bulbils Avas suspected 
but a microscopic*. exa.mina,tion of tlie tissues 
did not r(*v(ail a.ny su(*.li (*a.use. Might of the 
long(*st of IJi(*s(‘ bulbils wcu'c ])hinted out 
a,nd nurs<*d but noiu^ of tlieiu showed any 
t.(*n<i<*iu*y to live* on. 'Tin*, rcsst of the spik(^- 
l<‘ls were* t,<‘aMsed ouf a.nd i(/ wa.s n()l-ie.(‘.d tluit 
i h(\v w(‘r<‘ in s( i nc'tu r'(‘ lik(‘. a, ny oUnu* bulbil 
willi l~~r> conipl<‘(.<.*.ly inrollcMl l(‘aA'(‘S whic.li 
sh(>W(*d a, pi‘ogr(‘ssi v(^ incr(‘a.s(*. in Icngtli 
l.owa.rds (Jn* lof). 

o(*('urr(‘ii('(* of ])ulbils in both niono- 
(*oty h‘(loiis and d icotyh‘d()ns has been record- 



S«)n>lmiu-HuUul. X 4 


<‘d. In (Ik* (Irainim^e (h(*ir o(*e.urr(‘U<*(b luis 
b(M‘n no((‘d in some* g(‘m‘i‘ai. ’’Ihussc*. bulbils 
vary in cornjiosil ion, 1hK‘.y may b(‘^ (mtirely 
l(‘a.fy, liaea* s(‘ssd(‘ (low(*rs in (.he a.xils of their 
scale U‘av(*s, oi* ha.vc* s(.a,lk(*d (lowers, rescmibl- 
ing a. minialuK* phudu lloraJ stnu'.tures 

when f)resc‘ii(, may have imperfections of 
degrees. In Uilmost all eases these bulbils 


have been in the nature of a device at 
reproduction evading possible risks run by a 
direct propagation through seed. This 
instance of bulbil formation in grain sorglmrn 
lends to two possible explanations. The 
phenomenon of bulbil formation may be a 
premature index to prolific ness, which 
doubling and trebling of grain connotes or 
may be in the nature of a primitive bent 
wiiich some of tlie ancestors of sorghum may 
have had recourse to in their original 
habitat. A wide survey of tlie key regions 
of this Great Millet may tlirow lielpful light 
in the interpretation of the occurrence of 
tdiis rare phenomenon brought about through 
wide hybridisation. 

G. N. Eangaswami Ayyangar. 

V. Panburanga Eao. 

Millets Breeding Station, 

Coimbatore. 

January .21, I9S5. 


Sclercspora Sp. and Suppression of the 
Awn in Sorghum. 

SoLERospoiiA has been knoAvn to attack 
Maiz(‘. Teosinteg Sorgiium, Bajri, and the 
Italian milkd.. There ar(^. records of the 
many ellects of tliis inhudion on tlie host 
I>lant. In Maize, dwarfing of the plant, 
.short(*uing of the internod(*s, cldorotic leaves, 
late liea(ling, small cobs, absence of grain 
and a wide rang(‘. of faseiations, pliyllodies, 
rxMlufilieations and viresc(me(*s liave been 
o))S(*rv(Ml. In T(*osinte, sterility in spikelets, 
ahsenec^ of stamens, withered antliers, non- 
rnnctional polhrn, lU’oklerate.d florets are on 
rcH'ord. In Baj]*i {PermiseUmh typlioides), 
tdu*. pearl milhd, it lias been noted that the 
pani(*le. is the most susceptible ]iart. The 
U[)[)er segments of th<‘ Moral axis get c.onvert- 
<ul iid.o a Ic^afy si mot. Bristh*s become 
hy pintropliied. Stmnens g(d modilied into 
ill Lear-lik(‘ body with sh<‘atMi and blade. The 
pisi.il nev(w devidops. 

In flowar (Borglunn) it has ]>i*en noted tliat 
Ida*. v(‘getativ(i part.s are more susceptible 
to this dis(^as(\ The leaves turn yellow' and 
shred, Ihnheads are x>^‘^‘^hiee(l with diffi- 
cailty. They are small and hav<' small 
o’ra.ins. At tlu* Millets Breeding Station, 
(knrnbatore, one of the effects of this disease 
lias been a shortening of the panicle branches, 
resulting in a more cona pact-looking earhead. 

In the summer of 1931 a five tillered 
Sorghum plant in. a long awned variety was 
noted to have one of its earheads without 
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awns. One yoiine; tiller was very badly 
affected witli Sclerospora and did not flower. 
The other four tillers prodnced earheads. 
Three were normal with long awns, the 
awns being 7 — 9 mm. in length. The fourth 
earhead was small and its glumes did not 
have awns. The leaves of this tiller were 
shred. This head showed signs of late and 
weak anthesis. Its flowers were teased and 
it was noted that the stigmas were flabby and 
the lodicules and ovary shrunken. The 
anther lobes had shrivelled w^alls. MovSt 
pollen grains were plasmolised, empty or 
collapsed. Such of those as were healthy 
had germinated in situ — a remarkable fact — 
sliowing small tube growths. Malformed 
anthers were noted and in one case the 
atrophied anther lobes liad no filament but 
were attached alongside of the short narrow- 
ing tip of a sessile spike-like body, probably 
homologous with the fllament. Tlie ovarian 
tissues were found to have been penetrated 
by a felt of mycelium. 

The most noticeable feature of this attack 
is the suppression of the awn. It has been 
noted that the leaf -blade is the most suscep- 
tible part of the Sorghum plant in the attack 
by Sclerospora. Terratological and morpho- 
logical evidences lead tow^ards considering 
the awn as being homologous with the blade 
of the leaf.^ This suppression of the awm 
as a pathological effect is therefore interest- 
ing. It has been noted that in one of the 
plants raised by pollinating with irradiated 
pollen there was a suppression of a majority 
of tlie leaf-blades.- The suppressions in the 
above instances lead to the interesting 
problem of tracing the affinities between 
direct pathological reactions and the induced 
suppressive effects of irradiation. In either 
case the susceptibility of the blade-awn 
organs and the comparative individuality 
of the sheath-giume structures (protecting 
buds and embryos) lead to interesting 
possibilities in the pursuit of the evolutionary 
factors operating tow^ards a differentiation 
of the leaf into blade and sheath and their 
homolognes. 

G. ]Sr. Eangaswami Ayyangau. 

P. V. ITariharan. 

Millets Breeding Station, 

Coimbatore, 

January 21^ 1935. 


^ New PhytoL, 1934, 33 , 359. 

^ Madras Agric. J., 1934,22, 448. 


On the Discovery cf a Prehistoric Fossil 
Elephant in the Allahabad District. 

The news of the discovery of a 31 feet 
skeleton of some prehistoric animal in the 
Daiya estate (district not mentioned) was 
published in the Leader about six months 
ago. A similar report came out in some 
newspapers early in December last, but 
the place of occurrence was given as 'Datia 
State’ in one paper and ‘Doyra State’ iu 
another. On enquiry it was found to be 
Daiya estate towards the south-eastern part 
of the district of Allahabad. 

The skeleton was found in the bed of a 
streamlet known as Tundiari Nala. The 
spot is about half a mile to the south-east 
of the village Murlipur (Lat. 24° 52', Long. 
82° 3'). A part of the skeleton exposed 
in the bed of the streamlet was first seen by 
some cowboys during the last summer. The 
landlord of the estate, Baja Bhagawati 
Prasad Singh, got the skeleton dug out iu 
parts, as soon as the discovery came to his 
notice. On local enquiry the author learns 
that the fossil animal was found lying on 
its back, the head and forelimbs pointing 
upstream and the hind-limbs downstream. 
Parts of the limb bones were missing. The 
tusks were not in organic connection with 
the head. A part of one tusk was lying in 
the same line with one of the hind-limbs. 
This- was included in tlie measurement of 
the animal, wliich the villagers took to be a 
giant human individual. This mistake was 
possible because the skeletal parts are not 
well preserved and the facial features were 
concealed by the matrix. 

The animal concerned appears to be a 
representative of Palcnoloxodon namadieus, 
an extinct species of elephant which is 
supposed to be more closely related to the 
living African elephant than the living 
Indian species. Tlie type for this species 
is a very perfect specimen of a cranium 
figured (Pis. XIIA, XIIB) by Falconer and 
Cautley in the “Fauna Antiqua Sivalensis” 
under the name of 'Llephas ^(Luelephs) 
Namadicus\ The specimen was obtained 
from the Narbada alluvium and is preserved 
in the British Museum. The bulk of the 
material referred to this species comes from 
different localities situated along the Narbada 
valley. But a specimen was discovered in 
the Godavari alluvium also. A few molars 
are reported to have come from the Irra- 
waddy valley in Burma, but no definite 
history of this find is available. Outside 
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India, t he s|Ha‘i(‘s is known 1‘voin (hiina, rl apan 
and rlaiva. Tliis sp(H'i(ss r(\s(‘inl)l(\s a, variid.y 
ol’ P(d(i'ol(ij'0(loH ol Fairopcs \vhi(di 

is (*hara(d.(n‘is(al by ])r‘()a(b(‘i‘own(al inohvrs ; 
Uiiid by sonii(‘ aut liorit i(‘s th(‘y nr(‘ r(\u‘a,rd(Hl 
UiS idinitical. 

The prevsent diseov(n*y is pa.rt badarly inter- 
('sl'in^* in vicwv oT tlu' iaet Iliad it ha.s beiai 
ina.d(‘ in a. eounti-y (*()V(‘r(Ml by rocks ladone:- 
ini»’ to 11 h^ VindliyaJi Sysban. At tli(‘ sit(‘ ol 
()ccu!'r(‘ne(‘ tlu^ str(‘anih‘t. i*uts throniL 2 ;h a 
!\<utkar IxmI, whicli is pndiably an aJlnviinn 
formed <lni*ina' l}n‘ middle nv the ladba* jia.rt 
of Mi(^ 1 ‘hast o(M‘n(‘ (‘poeh. '^riiis ((n'lna-l ion 
is (‘X posed at. t ln‘ beat from wluaa^ t h(‘ sk<d(d.on 
wa.s (‘X(‘a.vat ( mI, ainl also ad tlu' vcadie.al 
cliffs on th(‘ two sid(‘s ha.\inii.' a lua,<>id ol 
Hi f(M^t and a.ho\’(a 

d'h(‘ sk(‘hdon ha.s laaai pn‘S(ai{.(al to the 
( J(‘oloi»'i(*al i\]ns(ann of tln^ lhauir(‘s Uindn 
bniv(a*sity. An a.mit oini(*a.l study oi t'h(‘ 
speeinnai is in jiro^'risss, a.nd a. <h‘S(a*iption 
will bi‘ imblislnal in du(‘ (‘onrsca 

I>. K. ('lIAKKAVAirn. 

( h‘olo,ai(‘al iM iiscaim, 
lUaiares Hindu l’niv(a’sity, 
flit ana rjf IP/ho. 


On the Occurrence of Foraminifers and 
Radiolarians in the Infra-Trappean Limestones 
near Pan^adi — Rajahmundry. 

I'V is w(‘ll known tlia.t tin* only (hda.ihal a.(^- 
eount of tin* infrU" and int (‘V-t !’arpp<‘an rocks 
oT the Ib'jahmiimlry ariai is tin* oin* iniblislu'd 
by William Kina*' so far ba.('k a.s lS8(d Dur- 
injj: a r('e<'nt visit, we liav(‘ In‘(‘n abh* to eolh*et. 
a nnmb(‘r of linn'stonc‘S assoeiati'd with t.ln* 
I)t*eean traps of this area. In tin* eoursi* of 
a in n'ros<‘o pie examination ol tln’S(‘ rocks, it. 
is found that sonn* of tin* infra-t ra.pp(‘a.n 
linn‘stoiu*s found iH*ar Ibnlnkui' a.nd (iowri- 
patnani r(*\eal tin* pr(*s(‘nc(‘ ol i»nnu‘rons 
fcH’cminibu's and a lew radiolaria.ns in t.lu'm 
—one lypt* <»r linn*stone part icularly — b<*ina‘ 
almost wlndly eomjiosed ol fora.nHnil(‘ral 
sh<*l!s. Most (d’ lln*s<* foraminilers b(‘lon.^- t.o 
tin* fandly liotalida* - -Mn* common foi ms 
b(‘inu- Itotalia, nis<*orbina and Pnlvinulinau 
A lew sh(*Ils of ( il(d)ii»(‘rina' a.nd oin* or 
two typ(*s of Miln)lin(*s an* a.lso n‘(*o<i,*nisablo. 

These micro-on^anisms from t.ln* infra.- 
trapp<‘an linn*ston(*s r(*st*mbh* in t.in*ir ;L’’(*neral 
chara(*t(‘r, those d(*scrib(*d som(*t.inn* baok hy 

> Mem. (fcol. Sure, of hidic. ISSO, 16, Pi.. 3, 
37-54. 


Prof. 1 j. Ranij^i Rao" from some of the rocks 
of t.ln* lidatui* division (Cenomanian) of the 
Ti'ieh inopoly < ’'retaceous. 

A d<‘t:a.ih*<l account of the micro -organisms 
from tin* Unix*stones under study will be 
pn]>lis]n‘d (*hsc^W'lier(*. 

S. R. Narayana Rao. 

K. RIP AT) A Rao. 

l>(‘part nn‘ni. of Ceology, 

I 'ni\a‘rsity of Mysore, 

Myso ix*, 

Prhruarjj 19: >5. 

On the Nomenclature of Lac Insects. 

Kok. r(*a.sons of jiriority dk)ckerelb' suggested 
tha,t. t.ln* mini(* Lacrdfcr, Oken, should be 
a.(l<)p(.(‘d for d(‘signating tlie genus of the 
la.e ius(*(*d. lUd‘ore OkeUy Roxburg published 
a.n a.rt.i(*le (‘ut. idled, ^A)n the Laesha or Lac 
invS(*(‘d", whi('h api)ear(*d in twa) forms. It 
lirst. a,pp(*a.i*(*d in. the AftiaUc Researches^ with 
an int.rodm-tioiT by Anderson, who wrote to 
hhr Wiliia-m doues, the Editor, that, ''Rox- 
burg’s (lise()V(M‘y will bring lac, a genus, 
int.o t in* ela.ss itemiptera of Linneus”. Now' 
An(l<*rson lnnis(*lf liad discovered and named 
t.ln* waix ins<*c‘.t., Ceroplastes eeriferus, while 
Rox])nrg wa-s th(*n the most renowned 
syst.(*ma.t.i<* l)()l.anist in India. As energetic 
syst.(‘ma.t.is(s tdiey must have understood how' 
t.o bring a. n(*vv g(*nns to include tin* lae. insect 
int.o t.ln* biniH*.a.n system of nomenclatnre. 

Hut. Sir William dones was personally 
ini.(*r(*st.(‘d in utilising S^a.nskrit nam(*s for 
a. sci(‘ntili<' voeubulary and had actually 
w'rit.(.<*n a.n a.rt.i(d(* creating some examples and 
d(*m()nst.ra.t.ing' such a possibility. Either 
Roxburg aud And(*rson, knowing !Sir W. 
doin*s\s k(*(*n ‘nit(*rest, left the matter to his 
(l(*eision or tlu^ latter changed it to Laesha 
for, as though In* was offering an explanation 
for !»is choice*, he endorses saying, the 
Hindus ha-ve* wix names for lac but they 
g<‘n(*ra.lly <*a.ll id Lac'sliavA 

Ivoxbiirg's a.rt-icl{*, without Anderson's fore- 
word, wa.s puLlished in Jdvii. Trans. ^ 1791. 
This Iia,d a, much w'id(*r circulation than 
Asiatic Rcs,^ a.nd Oken remained absolutely 
umiwaire* of any previous desire on the part 
of a, systi*madic biologdst to bring the lac 
ins(‘c.t. hit.o t.h(* class Hemiptera of Linneus. 


“ (n) Qaari. Jouni. (leoL Min. Met. Soc., 
dalcatta, 19,31, 3, No. 2 : {b) ■Ji.ur.n. Hoy. 
Mirvo. Hoc., London, 52, . 857-3()l . , 

* ./tsvyc/n*, 1924 , 31. . 

‘ A smile Researches, 1790, 2. 
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It is imfortiinate tliat most writ ers who liave 
accopt(‘(l the iiciiiie LacciJcT hiivc luid no 
access to tlie (complete article of Itoxbiir^. 

Sir W. Jones would priJIn* a pnr(‘ly Indian 
word, Lacsha, but the name suUcm's from the 
disadvantag-es of b(dng (‘oininon ])la(*.e in a 
land like India where it already connotes 
an article of houseliold us(‘. It is suggested 
that Lakfihadla would b(‘ inorc^. appropriate aa 
a generic*, nanu", wdiile LacNlia has all the 
claims ol prioi'ity over hacvijer, 

S. Mamdi IIassan. 

Abid Manzil, ” 

Ilvderabad (Deccan ), 

January 25, 1925. 


Wax-Production in Aleurodidse . 

The secretion of wax is a very commonplace 
phenomenon in many of the llomopti'ra and 
is particularly noti(*.(‘.able in all the families 
of Sternorhyncha. Wax is secreted by 
special structures known as wax-glands^ wa>x- 
eells and wax-pores. The arrangement, posi- 
tion and structure of these may differ in 
dilTerent families. The secretion of wax is 
found in the larval as well as in tlu^ adult 
stages. In the family Aleurodid<T, wax- 
secretion is profuse in th(‘ adults of all the 
species, but not found to tlu' same extent in 
the larva'.. Genera.lly thiXH'. types of wax- 
pores are found in the larvm of Aleurodida' — 
(1) Simple, (2) Aggiomeralie, and (2) (lorn- 
pound. Tlie structure of the simple and 
compound wax-pon^s is as follows :• — 

Simple wax-pores ar(‘ (*ircular holes of 
small or large' size in diameteu* from • 017 mm. 
to *027 mm. These exist in greater numbers 
in those species which secrete a large quantity 
of wax. In compound pores the' hoh'S have 
a chitinous ring surrounding them and a 
definite elevated cup-like structure. Within 
the cup the pores are arrang(‘,d in a ring and 
are produced into more or less elevated 
rods or tubes. 

In the Adults theix'. are chitinous i)lates 
which are placed ventrally on the abdominal 
segments and are known as wax-plates. 
These may be comparable to the wax-platos 
in honey bees. There are two pairs of 
these plates in the female placed on the 
3rd and 4th segments respectively and four 
pairs in the male on the 3rd, 4th, 5th and 6th 


. These observations were made on Tvialeu- 
Todes vaporaricrum — the greenhouse white fly — 
at Edinburgh, under Dr. C. B. Williams, now 
the Chief Entomologist, Bothamsted, England^ 
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segmeni-s. TIu'S(' wax-phit(ss appccu' lik(‘ thick 
pads and arc' oily yc'llow in app(‘arancv. 
They are separatc'd by <h nuulian in the 
centre of the abdomc'u l)ut (‘xtc'iid consider- 
ably outwards on both sid(*s so that t hc'y can 
be very elc^arly sc'c'ti latcuuHy a.s they arc* 
boundcMl by a bla(*k line*. 

In the female both the* pla,t(*s appc'a.r to be 
equal in dinunisions, but iu the* mate* the* iirst 
one is bigger aiud the sueciu*ding om‘s gradu- 
ally reduccul in size*. Wh<*n vi<*wc*d under 
mierose()])e these' prc'sc'iit a^n appt‘a.ra.iU‘i' of 
platc'S possessing iniuutc' hoU's a.rraiUgc'.d iu 
regular rows. 

When highly magnitic'd (1,209 t.imes uniic'r 
the oil-immersion h'us) thc'sc' hoU's appear 
like ccdls in. a honc'y eoml). Thc*s(' arc* the' 
minute circular j)or('s through which wax 
comc'S out or is forec'd out in small minute 
parti(*.l('s or ttirc'Uids. In thin microtome* 
sections taken through tlu‘S(* wax-gluiiids 
there is seen a single* la.ye*r of se*er(‘t:ing ('.e*lls 
with large nu(*.le*i whie*h (‘.ont/aln vaiC'Uole's. 
There are' numerous gra.nule‘s in i he*s(* vaicuoles 
wldel) are found iu a. hirge* numb(*r t.owa.rels 
the outer side'.. 

A ear(*.fiil exa.minalion of the*se* plains in a 
male of T. vaporarloruin, nnde*r a. V(*rY high 
magnilication, shows tluiit' ('aic.h of the* last 
three plates e.outiUiins 10 rows of 90 cells e*a.(*h 
at an average'. ; the* tirst. one* has 50 rows as 
it is larger. Tims the* t.ot.af iiumb(*r of pore‘s 
of one side cemu'S t :0 .2,000 x2 10,S00 plus 
50 X 90 ..^=4, 500 -15,200 or a.i)i)roKima.t(*ly 
15,500 and both tin* side‘s t.og(*t.h(‘r will 
bring the numbe*r t.o 21,000, Ea.eh side* on 
the abelonu*n the* spaica* oe‘.e,upie*d (longit udi- 
nally) is *2 nun. In the* femiale' tlu*re* a-re* only 
two pairs of pl.aJ(‘S which an* raitlie*!* broaeh'r 
and oecn])y S])a(*e to the* t'xte*!\t' of *22) unu. 
each side, Ihieh of t he* plait.e*s contains j)ore*s 
in rows of 02x95 a.nd 00x95 ee*lls n*S])e‘e.- 
tively. The* tiotuil numl)e*r of pe)n‘S on one 
side thus eonu'S t.o 11J)S5 or lU'a.rly 12,000. 
It is not uuderst.ood why t he* numl>e*r of pore*s 
is less iu female's. 

Freshly hateh(*el spe*e*.ime*ns are* pe*rfe*e*,t ly 
free from any wax pa-rtieh's soon a.fte*r 
emergmice. The* wa.X“pla.t(*s, not be*ing at. 
work, cannot, be* mairk(*d out. v<‘ry e‘.le‘arly. 

I give bedow my obse*rva.l.iou on a spe*e‘Ime*n 
for about 5 hours from its (*m(*rg(*iu.*e*. U. 
was a male. It ext.rie'.ate'd it.se‘lf with gre*at 
difllculty from the*, pupal e-a-se* whicli 
operation took about an hour. This was 
at 10 a.m. In the Iirst two hours no wax 
was seen being secret<*d but only the wax- 
plates assumed an oily olive*. appe*.araiice. 
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Then cue of t-ho platen (on the left vSideA 
Wius seen (‘-overiMi with white ilocculent 
iniiterial which soon after drying became 
wliit.e. The inscait (which was nnder a 
binocular) was activ(3ly moving its legs (irst 
of one sid(^ and then of the othcn\ In that 
way th(‘ legs ac-tually brnsh(‘d off the wax 
accumulated on a.nd by dasliing 

the legs here aiiid then" it distrihiitical the wax 
or the nu"al aJl over I h(‘ body. 

As lli<‘ |)Ia.t(‘S on <h(‘ h"!’! sidi" \v("r(‘ a)(*(ive, 
llu‘ \v\'\ si(l(‘ of Ihc body was covered with 
wa.x, lirst tin" abdonu"]! a,nd its ("ud, then the 
und("rsid(‘ of tlu" wings a.nd l]i<"n Mi(‘ front 
part, of th(‘ body. (li‘a.duailly ab t.lu" f)lates 
i)(‘ga.n to s(‘cr(d(" wa.K which wa,s Ixdng spread 
all ov("r t.h(" body. All tlu" i>lai.("S were in full 
action j)y d i).m., /.c., 5 hours afUu’ ennu-gence. 

Tlu" stru(‘tur(" of t.lu" meal or tin" wax 
se<‘r("t("(l is \'(*ry p(‘culiar. It is in the form 
of spiral thnaids a.s if for(*ed out through 
small hol(‘s, but. und("r abnormal conditions, 
or if t h(" meal is not const a.ntly removeal by ilie 
brushes on h‘gs, it. aissunn^s th(‘ form of long 
tbreads app(*aring lik(‘ sill<(‘n combs or t.uits. 
VVhih" obscu'ving t lu" (‘closion of lli<\s iroin t lu". 
puf)a\ I hav(‘ st'tm s(‘V(M’al specinnms wit.h 
thr(M"-fourtbs of t-heir body out. and struggling 
hard to (‘xlricat(" th<‘ hist pa.rt of th(‘ body. 
Th(' ins(‘ct is standing <‘r(‘ct. a.nd <hishing its 
I(‘gs inth(‘ air aiul with wings in the um^xpand- 
("d condition, tdu" wax-plati^s aia" atdlvi" a.ud 
tin" wax b(‘gins to a])p<"air on t.lu' Ixnly. As 
no brushing off is jyossi})h‘ in tluit. (‘ondition, 
th(‘ wax g(n"s on a.ccuinula.ting a.ud a. very 
thick brush-lik(* la.y<"r is fornn‘d. 

rnd(*r mi(’rosco])(‘ t.lu"S(" a.ppea.r lik(" bunclu‘S 
of long thnanls with on<‘ (‘ud <*urv(‘d. I hav(" 
also obs(‘rv("d ca:S(‘s of ])a.rt.ial emergence 
wlnuudn the (li<‘S lia.v<‘ died idler Ihe upp("r 
part of th(" body hea.d and t.liorax having 
come out and tlu" alnhuiu^n n^maining inside 
tin" pupal cast". In such taist^s I lia.v<" lountl 
a.ft(*r pulling out tin" a.bdonn"n thal. it was 
full of waxy brush(‘s, proving tbereby that 
tin* wa.X“plat<‘S wt‘rt" a.ct.iv(‘ly s("cr<‘t.ing wa.x 
("V<"n if tin" abdoint"!! wa.s t"nclos(‘.<l in the 
j)Upal covt‘ring. 

V. O. l)nsin»ANi)n. 

Depart nn"nt of Agrit‘ult.ure, 

Bombay, 

Janunri/j 1935. 


Hermapliroditism in Lycastis indica 
(Southern). 

IlioRMAiMiitoniTiSM in PolychiBta is of such 
rare occiirrence that only about a score of 
forms a,r(" known to be bisexual out of 
scvtu'al hiuuireds of species described. Most 
of t.hese belong to families vSabellidae and 
Nert'ida". and among the latter, Lycastis 
(/iuidrali(‘rpE (Gay) lias been described by 
H. l\ Jolinson’’- from the Straits of 
Magellan on the Chilean coast, as exhibiting 
the phenomena of hermapliroditism and 
gigabti(*. ova. Many species of Lycastis have 
b(‘a‘n !•("(*.() r( led in recent years mostly from 
Sumatra a,ud Java, the genus now consisting 
of a, bout a. dozen distinct species, leaving 
out one or two doubtful cases. With the 
ex(".e[)tion of Lycastis brevicornis (Aud et M. 
Falw., 1853-3-1), first described from the coast 
of Franca^ but which has not been rediscover- 
ed, all the known species are from the 
tropics. They ai*e capable of enduring great 
variations in salinity and sometimes even 
(".nt("r fresh-water and many of them are 
gradually getting thcniKselves adapted to life 
in w(‘t mud like earthworms. Lycastis indica 
(South(‘rn), tdie only known Indian species 
of Ibis gcmiiKS, is (mmrnon in the backwaters 
of C()(*hin, Madras and Calcutta and several 
()t.lu‘r pla,<*cs in India and probably also has 
a much wi<ler coastal distribution than is 
at pre^sent known. In Madras tlie author 
luis s(‘.(m it inhabiting situations where the 
salinity is nearly as high as that of the sea 
and mon". frequently in places where the 
watcu- is almost fresh, the species having 
be(ui taken even from jiools of fresh-water 
mrar Adyar. 

The worms usually attain a size of 20 to 
25 <*,ms. Gonads develop rather early in life. 
IJiorougli ("xamination of some luindreds of 
specimens reveals that Lycastis imdica is 
lu‘.rmaphn>dite and protandrous. The male 
sexua.1 ehunents appear first and when young 
th(^ worms pnss through a male phase, the 
body (uivity now containing masses of motile 
sp(U"mul.ozoa. only. T!ie ova develop later in 
life, butli motile sperms and mature ova 
o(*(*urring in almost all the segments, the 
worm now being truly hermaphrodite. This 

Johnson, IT .P., ‘‘Fresh-Water Nereids from the 
Bacilie C(Ki.sfc and Hawaii with General llemarks- 
on Fresli-Water Polychaeba, ” Marie Anniversary 
Volume, J9()5, 205-223. 

- .lohnson, H. P., ^‘Lycastis quadraliceps , a 
Jierinapln’odite Nereid with gigantic ova”, Bio. 
BuU.j 1007-S, 14, 371-386. 
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condition is observed in all the full -sized 
worms. A detailed account of the life- 
history and the bionomics of tliis interesting 
Iseveki will be published shortly. 

E. Gopala Aiyak. 

University Zoological 
Eesearch Laboratory, 

Madras. 

January^ 10 oo. 


The Existence of the Intervertebral 
Ligament in the Vertebral Column of .a 
Perennibranchiata {Ndcfurus nmculafitA . 

Gadovv' has stated: In many Urodela, 
especially in the Perennibranciiiata, the 
whole intervertebral cartilage acts as tlie 
joint, being, in fact, a flexible mass inter- 
calated between , the bases of the hollow 
calcified cones of the successive vertebrae. 
However imperfect tliis joint may be, it 
does fulfil the requirements of these long- 
bodied and long- tailed aquatic Urodela.” 

Subsequent authors like Schauinsland,- 
Kingsley and GoodriclU have supported 
the statement of Gadow. 

On examining an adult specimen of 
.Nechinis maculalus we found that its body 
is quite flexible like that of an ordinary 
teleostean fish. This led us to reinvestigate 
the development of the intervertebral 
elements of Kectunis maculatus and we have 
found the existence of an intervertebral 
ligament like that of the fish. 

Mookerjee'' has shown that in all Vertc- 
brata the skeletogenous layer aggregates 
round the notochordal sheaths forming tlie 
perichordal tube. The same authok' has 
shown for the first time in a higher Urodela, 
such^ as in Triion vulgaris that the Vertebral 
portions of the perichordal tube soon 
becomes osseous forming a series of lioui’- 
glass-sliapcd bony rings while the inter- 
vertebral regions of it remain cartilaginous. 
Bach intervertebral cartilaginous ring is 

1 Gadow, Tram. Roy. Soc. (B), 1800, 

187, 1-57. ^ 

Scliaiiinslatirl, Ha.udbuch der verc/l. u. 

experlm. Eniw-Ulire der WirbeUi ere. von OsJeer 
Hertwig, 1906, 3, 339-.572, 

3 Kingsley, J. S., r/je Verlebrah Skeletal, 1925, 

OO. 

^ Goodrich, E. S., Studies on the Structure and 
Development of Vertebrates, 1930, 51. 

.o'. H. K., Nature, August 4, 1934, 

134, lo2. 

im (B)> 


overlapped by tln^osseous viuhtdiruil rings: 
but the overlap of oiu^ (hx^s not imuh, tlu^ 
overlap of the in^.xt, so Gmt the iiiiildh^. of 
the iiitervertebral ca,rl.ila.g(‘ ring rcunailns 
unprotected. A strand of migra.tory ('onnec- 
tive tissue cells grows into Ihc ca^rtilaginous 
perichordal ring in a. (auidal t.o (*ra,nial 
direction forming a. ('ompl(‘t(‘. a.r(*. thi’ough 
the interspace b(‘.tw(um tlici two suc('.(^ssiv(‘, 
hour-glass-shaqxul (‘.(‘.nti’a,, a-nd Uum a split 
appears within the line of tdnsa,rc, of (•.ouma*.- 
tive tissue (udis, (Iius foianiiig a. synoviuil 
cavity. The int.erv(U’l;<d)i‘ail (airtilagc! is 
divided into a ha.ll a.n(l soclad.; the-, hall 
articulates witli tlu^, front, (uid of a. v(M‘t.(d)ra. 
and the sock(d. with th(^ post.tuuor (muI of t.h(‘. 
previous vert.ebra. c.onn(‘(*.tiv(‘. I.issm‘ 

cells lining tlui synovia.1 c.a.vity hi‘.c,()mi'. 
cartilaginous, forming sui‘fa,('.{‘s of 

the ball and socked'.. So (‘a.cdi V(‘rl.(d)ra. has 
a ball in front aiinl a. socked, at th(‘. ha.(dc 
forming an ophisthocecdous v(u*t(d)ra. 

Graham Kerr' lia.s st.ateal t.hat. t.h(‘. int.e'.r-- 
vertebral ca,rtilage‘- in Hrexhda. increuise.s 
considerably in thiedvne'.ss, bulging e)ut 
between the a(lja.c.ent sonuAvludi (‘xpa.n(i(‘.(l 
ends of the bony tubev Th(». .st.a.t(U)i(Md. e)f 
Graliam Kerr is in(U)rree*.t aiS one. c.ouhl 
easily see that in an (‘Uiidy sta.ge*! tlu'.se 
migratory conn(x*.tiv(‘. tissues c.edls a.n‘ e)u(,si(le 
the intervertebral cart;ila.g(^ a.n(l a.l. a. la-I.eu' 
stage they could be'', seam migra.i.(al wil.hiii 
the intervert(d)ra.I e*.a,rt.ila.g(x 

In Necturus viarulatns <m ahimsl. ideuddca.l 
condition can be^ seava wit.h c.(M‘ta.in modili- 
cations. Afteu* tln^ formal. ie>n of l.lie^ hour- 
glass-shapeal contra. a.nd th(‘ eae.rtila.ginous 
intervertchi'al rings, tlu‘. migral.ory <‘on- 
nective tissue! eadls iiisteaid of ged.f.ing in a.ii 
arc, go inside it a.t righ(.-a.iigle.s to (.h(‘. rings. 
Tliese (U)nnectiv(^- tissue^, eadls soon bta'ome^ a. 
ligament. A transverse^ siad.ie)!! through the 
anterior region of the inl.eirv(M’ted)ral e'.a.rtihige^ 
of the trunk re^gion e)r Ncrtnrns maculalus a.t, 
48 mm. stage, shows thei (‘.a.r{,iIa,ginou.s cadis 
outside the not.oe*.he)r(lal sheaith whic.h is 
surrouaeled by th(‘. osseions i-iug e)r the^. he)ur- 
glas.s-shapeel centrum whi(‘.h oveuda.pptal e)ii 
the intervertebral ca,i*l.ila.gi^ (hhg- 1). A 
section passing t]ire)ugh l.he^ middle^, ri'igion 
of the intervertebral cartila.ge which r(‘, mains 
unprotected, clearly shows t.ha.t th<‘ migra- 
tory connective tissues cells have cnt.eu'eal 
inside the intervertebral (;a.rtilag(^ and have 
constricted the notochord considerably. 


" Graham Kerr, X, Text-hoo'c of /Cinbri/oluyt/, 
1919, 2, 299. ‘ 
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Fig. 1. 

Transverse Section through the anterior region of the intervertebral cartilaginous ring of a trunk 
vertejhra of Nrclurns inaciildl us at 48 mm. X90. 



Fig- 2. 

Trsnaverse Section through the middle region ot the intervertebral cartilaginous ring of a trunk 
vertebra of Necturus maculatuft at 48 mm. X90, 
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Fig. 3. 

Transverse Section through the intervertebral ligament of an adult NerluruH nKirultdiis, X 100. 


0 



I 


Fig- 4r. 

A part of the Transverse Section through the intervertebral ligament of an adult Laheo roliita. X 70. 

^ Notochord; 2, Spinal ord ; 3. Ca'’tilaji'ious interverteW.d ring ; 4, Osseous vertebral ring ; 
5. Pre-zygapophysis ; 6. Post-zy jap ophy sis: 7. Mig rat >ry onnective tissue cells inside the middle 
region of the intervertebral ring ; 8 . Spinal nerve ga iglion ; 0 , Intervertebral llga ment. 
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!ui<>’ratory connective tissue colls are 
r(^sj)onsihlt‘. for the Connation ot the inter- 
\'(‘.rtohral li<»;a.iuent (Fi<>j. 2). For the 
sake of conipa.risoii we have i^'iven a trans- 
v(‘rst‘. section of the intervertehrail liigjanKuit 
of a,u adult m/tcida'u^ (Fig. .‘M, 

aiiid a i)art of a transverse*, section of the 
interv(M‘tebral ligainnnit of an adult (ish 
Labcu rohifa (thg. 1 ). th’oni th<*S(‘. two ligiires 
one civil ('ivsily nnvk<*. out. tliiil. t.hey are 
ivlniost i<l(‘n(a(evl sl.rucd.uress. ^riK*. evidcuices 
that- ai'c h(*foi‘(* ns hsnl us to hidieve that 
Mi(^ {)r<‘vi()us workers did not i.ra,c(*. tlu^ 
d(‘V(do{>m(*nt of tin* V(U‘teI)ra.l (*.oliinm of 
iN*r(*nn ihi'anchial-a. up to it-s ma.turity, oi.lier- 
\vis(* (-hey would no(. ha.ve missial the 
(^xist(*ne(* of (.he intau'ViM'tehral liga.m(Mvt. 
( )r <a)ur*s(‘ ('h(* (airunud-i va* tissin^ (udis that 


migrate inside the intervertebral cartilage 
•were unknown to them. 

In conclusion we may say that aquatic 
animals like NecVurus 'maoulatus would not 
]iav(* beem able to protect themselves from 
tlieir powerful enemies had they not had a 
very Ilexible body in order to change the 
direction at. a moment’s notice when they 
were (diased by tlieir deadly enemies. A 
rigid structure like intervertebral cartilage 
cannot allow much a flexibility. 

HrivrADRi Kumar Mookrrjre. 

Snii.vvA Kanta Dar. 

Deqiartmeut of Zoology, 

University of Calcutta, 

Januarif IS, 1086. 


Stricken Ceylon. 


rpil H ou(-])r<‘ak of malaria- in a. s(‘ri(ms 
(‘pid(‘mic fonn in a.])pa.rently Inuvltliy 
parts of (k*ylou rais(‘s gra.Vi* seimit-ihc'. prob- 
l<‘nis wliiidi conciu'ii t-ln^ public Inuill.h of not 
only this ishiiid but- also of other I^]a.st(‘ru 
('oun(ri(*s, Tin* l(d(*gra.nis in Mu* Ih*(‘ss r(‘.f)ort 
that this S(*ourg(‘ has h(‘(m follow(‘d by otlu*i* 
(liseas(*s siudi as dys(‘nt(‘]‘y a.nd c.hol(‘ra-. In 
tin* arr(‘(d<*(l prox'inees. vvhi(di a.i'(*. not. y(‘.t. 
fr<*(% Mm‘ total niort-a.lit y dm* t-o a.II tIu‘,S(*. 
<lis(‘as(‘s must lx* W(‘ll ov(‘r d0,(H)0. q''h(‘. 

situation is \vors(‘ii(aI by tin* |ir(‘va-l(‘n<*.e of 
faniiiu*. 

It semns to ns t Init- t In* (*n<iii ii’y into t.lu*. 
{ams{‘s of such a. sudd(‘n outbr(‘a-k of (lis{‘as(‘s 
in normally lu'althv dis(ri(d.s, should <l(‘.a.l 
wit h boMi ( he s(*i(*n Mlic a-nd <*c.()nomic. prob- 
Uaus of Mu* <*oun(ry. dduo-c* a.r(^ nunu*.r()ns 
spcei(‘S of A }i(ip}n'l('s in M(*ylon a.iul it is 
unUk(*ly that, any oiu* of t.lu*m or tlu* larg(*a’ 
nnnih(*r of tlu*in can lu* lu‘l<I t.o lu*. i’<‘sp()n- 
.sihh* for Mu* r(*(M*nt <‘pi{l(*mic, W(*. nia.y 
hazar<l Mu* hypothesis t ha-t, t-lu* boa,t.s caJling 


at the ports of Ceylon from Singapore in 
larger numbers witliin recent times, perliaps 
ma.y have int.rodueed an exotic species of 
Ano'phrleR, or the C(*.yIon coolies working in 
'' Singa.p()re Na.val base may have brought 
tlie virul(*ait t.y po of malaria from tlie Malaya 
P<‘ninsula.. The recent famine must have 
I()W(*.re(l t.lu*. resistance capacity of the 
p(*()pl(‘., a-nd the xiools in the river beds must 
liav{*. furnished tlie breeding grounds for 
tlu*s(^ M'a.la.ya.u niosiiuitoes which, swarming 
round tlu*. inhabited areas, spread the disease. 
I\.(‘.c.(‘.ntly a. gr<m,t d(*,a] of exploratory work 
in t-lu*! jnngi(*s, 'vMiere the ancient kingdoms 
of (k‘.yloii li(^ buri(*.d, has been in progress, 
and the workmen catching tlic infection in 
t.hese ma.la.ria.-ridd(*n tracts, may have 
spr(*ad it. 

ddie inv(*stigation whicli is likely to be 
un(l(U‘t.a.k(*,n, will, we liope, be- snlliciently 
wid(*. in its s(iO|)e, and the report ouglit to 
iiudmle c.onstruictive jaroposals for tlie 
prevent.ioii of recurrence of such epidemics. 
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The North Bihar 

A 8YMPOST1TM on the origin of the North Bihar 
l^harthqualco of January lotli, 193 1 , was held 
at a joint meeting of the Mathematics, Physics 
and Geology Sections of the Indi in Science 
Gongress, under the Chairmanship of Dr. 

li. It. Fermor. The following is a summary of the 
speeches. 

S. K. BANERJT. 

/ M ei ear olog leal Department. 

T[,e earthquake which occurred in North Bihar 
on January 15, 1934, had many important pecu- 
liai-ities : it was felt over an area of not less than 
3 million square miles — an area which is perhaps 
greater than that of any previously recorded 
earthquake. The surface vibrations were felt 
at greater distances towards the south and west 
than the north and east, the Himalayas in the 
north and the jVssarn and Burnia mountains in 
the east acting as barriers and damping them out 
considerably. 

We find that the energy of this earthquake 
was slightly greater than lO^- ergs. An energy 
of this order could be produced by the fracture 
of a quadrangular rock of dimensions not less 
than 150 km. X 100 km. and thickness 10 km. 
This would suggest that the focus of this earth- 
quake must have covered a wdde volume an I 
the epicentral track a fairly wide area. 

The very great preponderance of surface Avaves 
on this earthquake, as 'well as the type of move- 
ments in the preliminary and .the secondary 
phases all suggest that this earthquake had a 
shallow^ focus. With this information in our 
possession, the question arises whether seismo- 
logy can make any definite contribution to the 
search for the cause, of this earthquake. 

It is almost certain that isostatic compensation 
liolds in the case of such large mountains as the 
Himalayas. For calculation show's that the 
stress difference required to support mountains 
of height 10,000 meters above the adjacent valley, 
in auniform crust, w'ould be about 10'^ dynes/ 
cm-. This i.=j near the crushing strength of 
basalt, which could, therefore, just support the 
Himalayas if the stresses nece.ssary could be dis- 
tributed over an infinite depth. Tlie Himalavas, 
apart from being very high, are of such large 
horizontal extent that they w'ould very probably 
produce breaking stresses in the lithosphere 
assumed to be of finite thickness. It is therefore 
veiy likely that they are bounded by fault- 
planes so that they can move up and dowm in- 
dependently, that is to say, float on the lithosphere 
and undergo up and dow'n movements without 
disturbing the surface crust over the continents. 
The upward motion of the mountains can. of 
course, occur as a consequence of denudation 
and if they are floating more or less independentlv 
of the continents i he gravity anomalies found 
in the Gangetic plain and elsew'here are probably 
not of much importance as undoubtedly the 
cohesion of the materials forming the continental 
crust is able to support a small departure from 
l^erfect isostasy. 

The earthquake occurred on a new -mo on day, 
and on such a day w^e get a body tide due to the 
elastic yielding of the solid material of the earth, 
such that the height of the oceans, as measured 
by the rise and faU of the sea, relative to the land 


Earthquake, 1934. 

is reduced to about -/s of the true equilibrium 
height (if the rigidity of earth be assumed to be 
the s«ame as that of steel). On that day also an 
at nr spheric disturbance w'as passing over Northern 
India and Darwin has shown that if the 
difference of barometric pressui'e betw^een con- 
secutive regions of ‘‘ high ’’ and low^” pres.sures be 
5 cm. of mercury and if the centres of ‘high’ and 
‘low’ be 1500 miles apart, then as a consequence 
of tlie yielding of the ground, it will be 9 cms. 
higher under the barometric depression than 
under the elevation. These causes could therefore 
conceivably have served to produce a kind of 
trigger action. 

A .simple seismograph in which hydraulic 
magnification and damping were used and wdiich 
could be worked near earthquake zones was 
demonstrated . 

S. C. ROY. 

M eteorological Department. 

Dr. Roy stated that a study of the various 
seismographic records of this earthquake may 
enable us to deduce the constitution of the outer 
crust of the earth in BihaT. He estimated the 
probable thicknesses of the upper and inter- 
mediate layers of the crust and from various data 
calculated the focal depth of the North Bihar 
shocks to be about 13 km. He said that the 
focal depth and the thickne.s.s of the upper layer 
suggest that the major failure leading to the 
disastrous earthquake of January 15th, 1934, 

occurred near the boundary of the upper and 
intermediate layer.s of the earth’s crust. A 
fuller account of Dr. Roy’s contribution to thi.s 
discns.5ion has already appeared in Current Scdence, 
1935, 3, 298. 

D. N. WADTA. 

Oeotogical Survey of India. 

Among the suggested causes of the recent Bihar 
earthquake is the one based on the theory of the 
underload of the Bihar plains, due to their being 
covered by thick alluAdal deposits which are about 
18% lighter than normal rock. The region 
extending from Meerut to beyond Dacca has been 
found by means of gravity measurements to be 
of great defect of matter, as if this part of India 
suffers from a lack of some 4 mile of thickne.ss of 
rock-deposits. On the two flanks of this belt lie 
the high blimalaya to the north and tlie highlands 
of the Peninsula to the south — areas of overload 
wdiere the crust supports more than the normal 
load. These loading anomalies must, under the 
theory of isostatic balance of all large segments 
of the earth, cause considerable stress-differences 
in the earth’s crust — stresses which may seek 
relief in occasional earthquakes. The load 
anomaly, how'ever, in the present case appears to 
be too slight (in view of the fact, that the Himalaya 
range is more or less compensated) to be a compe- 
tent originating cause, though it may operate 
as a contributory cause. Most of the great 
earthquakes in other parts of the world have 
been traced, directly or indirectly, to weak under- 
ground structures, such as folds and faults on the 
strata, which occasionally give way under long 
continued strains ; and it is in the structural plan 
or architecture of this part of India — ^^vhich has 
been the seat of the great majority of recorded 
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Indian earth qiiakes since the Id th century — that 
we should seek for a cause. The underground 
structure below the plains of Bihar is that of a 
sunken, trough-shai^ed basin filled up during 
late geological times by river alluvia. The floor 
of this sagged tract is disrupted by several frac- 
ture lines, some proved and others hypothetical, 
but based on collateral evidence, while there is 
some amount of wrinkling of the strata where the 
Himalaya joins the plains. The earthquake of 
January last has proved to be a complex one with 
3 distinct epicentra two of which traverse Bihar 
I'oughly W.N.W.-E.S.E., parallel with the trend 
of the Himalayas. One of tliese is at Khatmandu. 
But the principal epicentra of the Bihar earth- 
quake, which have given some surprise and un- 
easiness to Indian geologists and which throw 
new light on the structure of India, are two well- 
defined lines to the north and south of the Ganges 
brought out during the field investigations by the 
officers of the Geological Survey of India.* The best 
marked of these lines is the line from Betiah to 
Purnea while the third epiccntral tract extends 
from Patna to Monghyr. These tracts are too far 
south of the Boundary faults and the severe shak- 
ing which they experienced must be due to other 
more or less parallel fault-lines in the floor of the 
trough between which a block of the sub-crust 
underneath Bihar subsided. I would, however, 
mention here that the relatively high destructivity 
of the quake at iplaces like Monghyr, Jamalpur, 
Purnea and probably elso Khatmandu, was due 
not to any special focal or nodal seismic intensity, 
but to the accidental circumstances of their sites, 
which have produced local exaggeration or intensi- 
fication of the earth-waves. In the case of 
Monghyr and Jamalpur, in my opinion, a disas- 
trous intensification of the ground vibrations 
resulted from the junction of two rock-bodies of 
quite different elasticities. Th.ese cities are built 
partly on ancient crystalline rock of great rigidity 
and partly on loose alluvial deposits — the period 
of vibration of such a rigid rock being quite 
different from that of the adjacent loosely aggre- 
gated alluvium, the elastic recoil of the latter 
may have produced a destructive i^ocking of 
the ground, its amplitude being too great for the 
old masonry houses. In the case of numerous 
earthquakes it has been found that the junction- 
plane of rock bodies of different rigidity is a 
line of special weakness and destruction. In the 
case of Purnea tlie greater destructiveness of the 
shocks may bo ascribed to the weak sub-strat m 
of the town — a thick bed 00 to 80 feet, of very 
fine soft sand, of practically no elasticity. 

Aftershocks, 

All great earthquakes are succeeded by a large 
number, sometimes several hundreds, of after- 
shocks and they often throw light upon th.e direc- 
tion and extent of the fractures in the crust wdiich 
originated the principal shock. A record of such 
shocks during the years 1934 and 1935 is likely to 
have much significance on the location of the 
postulated lines of faulting and dislocation under-, 
neath the Betiah-Purnea and the Patna-Monghyr 
epicentra. A careful and continuous record of the 
aftershocks in areas of great earthquakes has 
proved of help in studying the main quake which 
ushered them in. The several thousand after- 


* J. B. Auden and A. M. N. Ghosh, Rec. Geol. 
Surv. Inch, 1984, 68, 177-239. 


shocks of the Assam earthquake of 1897 indicated 
the courses of the thrust-planes and faults which 
precipitated that great (^uake. The shifting of 
the epicentra of these subsequent minor tremors 
from point to point and their clustering at certain 
points provide data for the mapping of the sub- 
sidiary and branch-faults associated with the 
major dislocations of the ground. 

A Plea for tfie Establishmefit of More 

Seismographic Stations. 

The seismic zone of India possesses out few 
recording stations and these more often than not 
fail to produce a complete graph when the inten- 
sity exceeds a certain degree or when they are 
situated at all close to the focus. It would be 
materially helpful if, say, 8 to 10 recording stations 
are established between Peshawar and Assam. 
A seismograph is not necessarily a costly instru- 
ment, nor is it necessary that ail instruments 
should be of extreme .sensitiveness. Seismo- 
graphs can be constructed costing from Bs. 500 
to Rs. 1,000 and can be easily kept under observa- 
tion at various University laboratories and periodi- 
cally visited by a meteorological expert. vSuch 
recorders may in course of time collect valuable 
data for use in demarcating the boundaries of the 
seismic belt in India. The use of microseisms in 
locating fault-linos has been lately proved by 
the .lapanese and American seismological labora- 
toi'ies, and the value of obtaining some definite 
data through these means regarding the course 
and extent of the faults concealed under the most 
densely populated parts of India cannot be over- 
estimated. 

Seismic recorders can also be utilised to obtain 
a more definite estimate of the depth of alluvium 
under the Indo-Gangetic plains and incidentally 
of the nature of the lloor and tire existence of any 
hidden spurs or bluffs of rock, e.^/., the one near 
Monghyr. 

W. B. WEST. 

Geological Survey of India, 

It is generally assumed that earthquakes around 
India are closely associated with faults in the 
Himalaya or in the rocks beneath the alluvium 
in front of the Himalaya. But if we consider the 
two greatest Indian earthquakes prior to the 
Bihar earthquake, namely, the Assam earthquake 
of 1 897, and the Kangra valley earthquake of 1 905, 
we find that in neither case could it be shown that 
act\ial movement had taken place along any known 
fault. In the absence, therefore, of any direct 
evidence for connection with faults, it is desirable 
to look for other possible causes. 

The geodetic work of the Survey of India 
throws interesting light on the underground struc- 
ture of India. Determinations of the force of 
gravity and of the deflection of the plumb line in 
a large number of places in India have revealed an 
anomalous distribution of crustal density, even 
after making allowances for the effects of topo- 
graiihy, and for the variations in the rocks fouud 
on the surface. This led Sir Sidney Burrard to 
postulate his ‘Hidden Range’ or area of excess 
density within the crust, which runs across India 
in a W.N.W. direction through Jubbulpore. It 
is followed to the north by a parallel underground 
‘trough’ in which there is a deficiency of density 
the lowest point of which is beneath the northern 
slopes of the Himalaya. It has been suggested 
that this deficiency can be accounted for by the 
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presence of the light Gangetic alluvium. But 
there would liave to be something like 50.000 feet 
of alluvium to account for it, and this is extremely 
improbable. Similarly the high density which is 
observed further south above the ‘Hidden Range’ 
cannot be accounted for by the surface rocks. 
Moreover, the fact that there is another area of 
even greater gravity deficiency in Mysore, where 
the surface rocks a-re moderately dense — Deccan 
Trap, metamorphosed sedimentary rocks, and 
igneous rocks — indicates that these gravity 
anomalies have no connection with the density 
of the surface rocks. Recently this problem has 
been studied in greater detail by Major Glennie, 
who suggests that the anomalies are due to the 
buckling of the granitic, basaltic and dunite 
(or eclogite) layers of the earth’s crust.^ He 
postulates that there has, for long, been a deep 
trough or downward warping along the line of the 
goosyncline of ‘Tethys’ sea which is known 
to have existed for a long time, and in which 
the marine deposits were laid down which eventu- 
ally gave rise to the present Himalaya on being 
crumpled. There are, however, two alternative 
ways of explaining on these lines the phenomena 
of a continuously sinking geosyncline. We may 
either assume that the granite -basalt surface, or 
the basalt-eclogite surface, hfl.s buckled up 
beneath the area of high density, and buckled 
down beneath the area of low density, as suggested 
by Glennie ; or we may assume that there has 
been an actual change from basalt to eclogite or 
rdce versa. It was long ago pointed out by Dr. 
L. L. Fermor that basalt and eclogite are rocks 
having the same chemical composition but differ- 
ent densities, eclogite being composed of minerals, 
such as garnet, of high density, while basalt is 
composed of minerals of lower density but similar 
composition. 2 Such a change might take plac^ 
with great rapidity, since the change from eclogite 
to basalt is an exothermic one and so might 
spread rapidly through a large body of rock which 
was near the critical point. That some such sud- 
den and deep-seated change could produce an 
earthquake shock of great intensity has been 
recently suggested by Oldham. 

It is of course fully recognised that tlie forma- 
tion of the Himalaya during Tertiary times must 
have left behind a legacy of unrivalled stresses, 
stresses which may be continuing to-day, if not 
in the Himalayas themselves, perhaps in the 
rocks in front of the Himalayas beneath the 
alluvium, the relief of which might provide earth- 
quake shocks of great intensity. Whether the 
Bihar earthquake was due to some sudden deep- 
seated change of the kind suggested above, or 
whether it w’’as due to a continuation of the forces 
which brought the Himalaya into existence, 
might he decided if the depth of focus of the earth- 
quake could he determined. If it can be shown 
to be more than, say, 10 kms., then the former 
hypothesis is more likely to he correct. A lesser 
depth would indicate a connection with faults 
in the upper rocks of the crust. Dr. Roy’s esti- 
mate of 13 kms., if sound, is thus of considerable 
interest. 

This suggestion that the Bihar earthquake (and 
other earthquakes around India) had a deeper 


^ Survey of India, Professional Paper, 1932, 
No. 27. 

2 GeoL Surv. Ind., 1913, 43, 41. 


seated origin than is generally supposed, and that 
it may have had no connection with faults within 
the surface rocks is not put forward in any dog- 
matic way, but merely in order to show that the 
orthodox view concerning the association of 
Indian earthquakes with faults in the upper rocks 
may not necessarily be correct. That both the 
earthquakes and the formation of the Himalaya 
are manifestations of some change taking place 
at depth within the earth’s crust is perhaps the 
more correct way of putting it. 

C. W. B. NORMAND. 

Meteor olog ica I D ep art ment. 

Examination of the Indian seismograms record- 
ed during the Bihar earthquake has empliasised 
anew three needs : (a) additional seismographs of a 
new type that will record the ground movement 
during severe earthquakes at distances up to 
500 miles from tlie epicentre ; (h) tlie damping 
of tlie pendulum movement of the Omori instru- 
ments *, and (c) more numerous seismological 
stations in tlie neighbourhood of the Himalayan 
seismic zone. Regarding (a) Dr. Banerji’s new 
instrument is in tlie experimental stage and 
promises well but need not deter other physicists 
from developing other designs. Regarding (c) 
the instruments at Calcutta, Agra and Dehra Dun 
ought to be supplemented at least by instruments 
in uiiper Assam, Bibar, the north Punjab or Pesha- 
war or Kashmir, and Sind or Baluchistan. Could 
some colleges assist by the installation of seismo- 
logical stations in these areas ? An added advan- 
tage of this from the geophysicist’s point of view 
would lie in the possible divergence of the research 
activities of a few more physicists in colleges in 
India towards geophysical studies. 

A. C. BANERJI. 

Allahahad U niversity. 

It is now generally recognised that earth- 
quakes are started by fractures in the earth’s 
crust caused hy immense stress-difference deve- 
loped in the layers of the crust. This stress- 
difiference is produced by the unequal cooling of 
different parts of the earth’s crust after solidifica- 
tion. These parts have contracted in volume hy 
different auiounts and a state of stress has thus 
been set up. 

It is generally accepted that the surface temper- 
ature of the earth has remained constant since 
solidification. The loss of heat from the surface 
is balanced by beat generated fi*om radio-active 
substances. It is found by calculation that a 
depth of about 20 km. of standard surface rocks 
containing radio-active substances would keep 
the surface temperature constant. 

As the outer surface of the earth undergoes no 
further coolings and contraction it is therefore too 
large to fit the contracted region situated below. 
There is also an intermediate layer where the con- 
traction is just enough to fit the interior. This is 
the “level of no strain”. The outer loose jacket 
is therefore under a horizontal crushing stress ; 
crumpling begins at the weakest point and folds 
are formed. This is the initial stage of mountain- 
building. Fractures also occur and give rise to 
earthquakes. 

It can be mathematically found out that 
deformation produces much greater stress differ- 
ence in thin crusts than in thick crusts. lu the, 
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case of a thin crust, the depressed regions are 
compressed above and stretched below and the 
elevated regions are stretched above and compress- 
ed below. Moreover maximum stress difference 
is liable to occur below the greatest ele vation and 
the greatest depression. In the case of the 
Himalayas tliere is overloading in the foot-hills 
and considerable underloading further south in the 
Gangetic valley, and consequently this great 
anomaly causes very great stress-difference in 
this region. If the stress-still further increases, 
the crust a,t the point may not he strong enough 
to sustain it, and fracture may occur to relieve the 
tension. 

It lias been suggested that some disturbing 
extra-terrestrial cause may start the rupture by 
“trigger action” and that the conjunction of 
planets may be one such cause. 

We find that the cumulative effect of all the 
planets, even at the time of conjunction, is much 
smaller compared to the effect produced by either 
the sun or the moon. So if there he any “trigger ” 
action, it can most possibly be by the combined 
action of the moon and the sun when their 
effects are added up at the time of a new moon. 
In that case more earthquakes should occur at 


the time of the new moon than at any other time. 
But it is doubtful whether lunar periodicity 
really dominates the occurrence of earthquakes. 
It has also been suggested that earthquaices are 
more frequent by night than by day ; but avail- 
able data on this subject does not conclusively 
prove the above statement. It is also found that 
the lunar tide in the atmosphere which w’as first 
investigated by Chapman has very little effect 
on the occurrence of earthquakes. 

M. N. S.VHA. 

Allahabad U niversity. 

In view of the great area over which this earth- 
quake was felt, it seems unlikely tt>.at the focus 
of the earthquake was shallow as suggested by 
Hr. S. Iv. Banerji. Earthquakes which are known 
to have had a shallow focus, such as the Italian 
earthquakes, which occur in a volcanic region, 
although of great intensity at the epicentre, 
rapidly decreased in intensity away from the 
epicentre. But the reverse was the case in the 
Bihar earthquake, and it is likely therefore to 
have had a deep focus. 


Research Notes. 


\ 


' Indian Musical Drums. 

The Proceedings of the Indian Academy of 
ySciences, 1934, 1, 179 contains a very interest- 
ing paper on ‘'The Indian Musical Brums” 
by Sir C. V. Beaman. The value of the 
paper is very much enhanced by the numerous 
photographs of the nodal lines of the various 
modes of vibration of the drum. As the 
author remarks, the Indian musical drum 
stands in a class by itself since in it an in- 
harmonic sequence of notes lias been in- 
geniously converted into a harmonic series, 
enabling the instrument to be employed 
in chamber music where ordinary percussion 
instruments would be intolerable. There 
are various varieties in. the two chief forms, 
viz.j the Mridanga and the Thabla, the first 
of which is a barrel-shaped instrument 
with a drum-head on either side, while the 
second consists of two separate drums one 
to be ])layed with each hand. The common 
feature of construction is the contrivance 
for adjusting tlie tension of the drum-head 
equally in all directions : this always con- 
sists of sixteen thongs attached at equal 
intervals round the drum-head, the tension 
being varied to a nicety either by means 
of wooden pieces which are struck by a 
mallet into different jiositions or in some 
later forms screws are used to vary the 
tension. The right hand drum-head is 
Constructed in a peculiar manner, consisting 


as it does of three la^^ers of drum-skin which 
in the final stages are cut out leaving only 
rings all round excepting for one drum-skin 
which is loaded in tlie middle with a firmly 
adherent composition said to consist of 
iron oxide, charcoal, starch and gum applied 
layer by layer so as to give the peculiar 
loading. The left hand drum-head is some- 
what larger and is similarly constructed 
but without central loading. The note 
given out by these drums is a sustained one 
resulting from two features of construction, 
viz., the heavy wooden shell on which the 
skin is stretched and the central loading. 
The gravest mode of vibration is that with- 
out interior nodal lines. The second is 
that having one nodal diameter, the third 
having two nodal chords dividing the 
drum into three parts ; the fourth has three 
nodal chords wdiile the fifth has four nodal 
lines and the drum-head is divided into 
five parts. These several modes of vibra- 
tion form a harmonic series. The third 
harmonic is produced by a combination of 
the vibration with one nodal circle and 
that with two nodal diameters. The fourth 
harmonic is given by the mode with one 
nodal diameter and one nodal circle or 
by a mode with three nodal diameters or by 
a combination of the two modes. The 
fifth harmonic similarly arises from the 
mode having four nodal diameters or the 
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mode liavin.G: a nodal cirelc‘ and i wo nodal 
diameters. The paper details of (ex- 

citing these various tones and is beantifully 
illustrated by sand iignres formed on the 
vibrating drum-luead . 

T. 8. 8, 


' New Elements beyond Uranium. 

SoMP/riMio ago b'er^^^i colhiborat.ors 

reported the results of tlndr (ex})erinu>nts on 
the production of new radioactive (denumts 
by bombarding various (dements ])y neutrons. 
In the case of uranium tluey obtaimed a 
product which sliowed two main (diarac- 
teristic half-valu(e periods, namely, 13 min. 
and 90 min. apart from other extr(mudy 
short-lived (10 se(‘.s. and 40 sec.) components. 
Studying these main com])onents, Ftnani 
and his co-workers showecl sonu^ evid(mc(^ 
to believe that tlies(^ represented n(‘w (de- 
numts of higher atomic niind)er than uranium. 
A. V. Grosse repeated tlieir (3xp(Timents 
and came to the (ionclusion that th(‘- re> 
actions noted by the Italian sci('ntists were 
to be attributed to (dement 91 atid not to 
(dements of liigher atomic number than 
uranium. In Die N (1935, 
23 , 37) Lise Meitner gives a preliminary 
account of h(^r investigations ri'garding the 
nature of the 13 min. and 90 min. products. 
Details of the searching eliemical analysis 
to which the products were sub'pHdiCd are 
given and the corudusion readied that the 
new' products are not representativ(‘s of 
element 91 nor of any other elenumt with 
lower atomic number. 8he also gives la^asons 
to believe that the two prodiicd-.s are not. 
isotopes but are different elenuuits. Tlie 
opinion is expressed tliat the .13 min. product 
might be element 93 and the 90 min. })rodncd 
element 91. .Pnrtluu details are to be 
published elsewdiere ; we await them with 
interest. 

T. S. S. 


The Carbonyl- or CO- frequency in Raman 
Spectra. 

The Eanian spectra of 69 compounds of type 
X — CO — Y, including acid amides, ketones, 
crotonyl compounds, acid chlorides, urea, 
phosgene, etc., obtained with the same 
apparatus, and under almost identical condi- 
tions, have been subjected to a systematic 
study by K. W. F. Kohlrausch and A. 
Pongratz [Z. physikal Gh. (B), 1934, 

27 , 176], A ijreliminary analysis of the ‘ 


norma.l oscillations of a. i)la,n(‘ svmnudric 

O 

II 

mohumlc of typ(^ .X — — X, Ixhmging fo tlio 
syninuduy group shows thal all th(‘ six 
mode.s oJ^ to m. an^ both lhuna,n and infra- 
red actives, 5 being in lh(‘ phuu‘ of |.h(‘ ni(d(‘.- 
ciile. Thnm of th(‘S(v (iv(‘ a.r(‘ fotul syinm(4ric 
(p<6/7), and two anti-synun(‘4ric. (p (i/I)- 
With the ludp of Ihc approx imat.i^ formulas 
for a vahmey foiaa^ sys(.(Mn, |}i(‘ obs(M*v(‘d 
liims for N I f,— ( U )--Nl G, (Pi 
and 01. — OO — 0.1, ha.V(‘ Ixam idcidhiiul with 
tlu'se t.yp(^s of osdllalions. 

This idenl ilica.tion of th(^ lnu‘s conid now h(‘ 
cxLaubal to nnsymnud-rical ni()l(‘cuh‘s of 
type X — OO — Y, by inj.rapolalion (lahwaHUi 
X— OO— X and Y -(H)— V), and by (‘xfra- 
jiolation with ])rogr(‘Ssive (•ha.ng(‘S in X or Y. 
Here, although o.>^ r(‘pi-(‘S(‘ni,s a. mode* of 
normal vibration of Mn^ whoh^ ni<)l(‘cid(‘, if is 
pivdoininantly (hdananiiKMl by th(‘ (' () bind- 

ing, and (am Ix^ calhMl th(‘ carbonyl or (M)- 
frequ(mcy. Tln^ valu(‘ of o, (dnmg(\s from 
compound to (‘omponnd aiiid it. is shown 
that th(‘se (*ha»ng(\s a.n‘ t.o a. c.onsid(‘rabIc 
(legrcm. dim to t.lu^ (‘oust it nt iv(‘ intliuajccs 
on th(‘. bond st.nmgth in O O. Wlnai ihc 
C'.arbonyl rnupKaHalss in all lh(‘ c()m[)oun(ls 
are systematically arraing(xl, a.s in Tai>I(‘ IV, 
pronouiuuMl nyula/rit.ifss an^ obs(‘rv(Mi. la 
order to ol)taln a. st.ill (*l(‘a.nn’ vi(‘w of th<‘S(‘ 
chang(‘s, tlu‘. (X)-fr(‘(in(MU*i(ss a.r(‘ plotlcal witli 
frequemey as abscissa., a.nd lh(‘ snbst iiiuaits 
as ordinala^s, tlu^ S(*ah‘. for la4t.(‘r b(‘ing 
so chos(m, that- th(‘ (1 )-fr(‘(|n(m(‘i(‘S for tlu‘ 
arbitrary c-ase of Iv— (■0~X, all li(‘ in a 
straight I iiu^ It. is t.o Ixmfx [)(‘ ct.(Ml that. Masse 
graplis should all b(‘ |>a.rall(d si.ralghi liiuss, if 
the inlliumcxss of lh(‘ groups X and Y sup(‘r- 
j)0se withouti a.ny dist.orfion. Whih' this is 
gcmcrully ()bs(uv(Ml, it. is not. alwa.ys the 
case. Th(‘. deviations from pa.ra.lh4ism a.r(‘. 
how(W(u, in, tlu^. c.orna*!. S(‘ns(‘, a.nd for t.he 
following lamson. On t.la^ ba.sis of (‘xistlng in- 
formation, th(‘ in^lll(‘nc,(^ of t.h(‘. groujys (*.a.n i)i‘ 
ascribcxl to tlu* (‘hHd.rost.at'ic- (idds (lu(‘. t.o t laaii. 
Actually, in tlu^ s(*.a.l(‘ a.{Iopt.(‘d here, the 
groups hav(\ roughly a.rrang(Ml t laanscdvc's in 
the order of tluvir dipoh^ monuad.s, from tlu* 
— with the liiglu^sf posit ive monumt. a-t. 
one end to the — G1 witht la^ higlu^st n(‘gativ(‘ 
mom(-.nt at the otluu*. Wlum t.lu‘ signs of tiu* 
substituents ar(i thc'. same, tlu‘. mut.ually in- 
duced additiomd monuvnts in tlu^ su!)stitui‘nt.s 
tend to decrease the original monumts and 
therefore to deenuxse the inlhumcc on a)^. A 
quantitative consideratiojx of the m(M.‘hanism 
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of tliese effects is at present beset with almost 
insuperable difficulties. 

M. A. G. 


A New Theory of the Glass Electrode. 

Dole was the hrst to explain the boliaviour 
of the glass electrode in alkaline solutions. 
Considerations similar to those involved in 
the formulation of the liquid junction po- 
tential led to an equation which well 
expressed the experimental results. But the 
interpretation of the constants in the equa- 
tion was possible only by assuming that has 
a mobility 10^^ times as much as any other 
ion at the interface. Furthermore, the re- 
lative mobility appeared to change with 
concentration. Gross and Halpern (J. Gliem. 
Fhys., 1934, 2, 136) developed a theory 
based on the general distribution law. Dole 
J. Chem. Phys,, 1934, 2, 862) has recently 
apxdied the quantum statistical theory of 
electrode processes developed by Gurney, 
to explain the glass electrode potentials. 
The equation derived is of the same form 
as the one derived on the basis of the liquid 
junction theory ; but the constants involved 
receive a new and a more plausible inter- 
pretation. The new theory explains the 
inability of the anions to affect the potential. 
A critical review of the experimental data 
shows how the quantum statistical theory 
is superior to that of Gross and Halpern. 
An important feature of the new theory is 
the quantitative prediction of the tempera- 
ture variation of the glass electrode potential, 
data regarding which are lacking at present 
and are of great interest from the point of 
view of the theory. 

K. S. G. D. 


Surface Films. 

The study of films of organic substances on 
water has been recognised to be of utmost 
importance in elucidating the constitution 
and orientation of molecules on surfaces. 
Adam’s improved type of surface pressure 
balance for the study of films of the ‘‘gaseous” 
tyX>e gives valuable information regarding 
the structure of the film. The measurement 
of surface potentials using an ‘ ‘air electrode” 
of a platinum wire coated with polonium 
placed above the film, has been extensively 
used in these studies. Adam and his co- 
workers have shown in a series of papers 
that a change in the orientation of molecules 
at a surface brings about a change in the 


surface potential. In a recent paper [Proc. 
Boy. Soe, (A), 1934, 147, 491] Adam and 
others have worked with films of the 
“gaseous” type (Dibasic acid esters, long 
chain alcohols, aldoximes and ketones), 
ju, (the average effective vertical component 
of the dipole moment of the surface film 
forming molecules) has been calculated 
from AV (the surface potential) using the 
equation due to Helmholtz 
A V=47rUja 

where n is the number of mols. per sq. cm. 
of the film. 

In the case of surface films of substances 
with two ethyl ester groups [jl is a constant 
so long as the films are “gaseous”. The g 
for the ester group is much larger when 
the molecules lie flat than when standing 
on end. In the case of alcohols, ketones, etc., 
fji does not change much during the tran- 
sition from the expanded to the condensed 
state, showing that the orientation of the 
end groups remains unchanged. The end 
groups are not re-oriented by the restricted 
oscillations of the chains as a result of the 
diminivShed free space available for them on 
compression. 

M. P. V. 


Fungicidal Action of Elements in Relation to 
their Position in the Periodic System. 

In a highly interesting paper on the fungicidal 
action of elements {Contr, Boyce Thomson 
Inst., 1934, 6, 4) McCallan and Wilcoxon 
have compared the toxicity of a large number 
of compounds with regard to their effect on 
the germination of fungous spores. The 
method emxfloyed was to determine the 
concentration of the substance which per- 
mits 50 per cent, germination (LD 50) 
after 20 to 24 hours. Four species of fungi 
w^ere used, Sclerotinia amGricana (Worm.), 
Hort. & Ezek., Botrytis j)CGoni(B Oud., Pesta- 
lotia stellata B. & C., and TJromyces caryo- 
pliyllmus (Schr.) Wint. In spite of the 
several limitations incidental to a study 
of this character, the elaborate investigations 
of the authors have indicated several centres 
of toxicity in the periodic table. With a 
few exceptions the toxicity within a group 
increases with ’ increasing atomic weight. 
The elements of the group yttrium, lantha- 
num and the rare earths are generally toxic 
and the more common ones in the group 
offer promise of a more general use as 
fungicides. Silver and osmium were the 
most toxic. The halogens and generally 
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the more negative elements exhibit wide 
differences in toxicity depending upon the 
type of compound tested ; w'hile with the 
more positive elements the same order of 
toxicity was observed regardless of the 
compound used. The volatile hydrides so 
far as tested are all highly toxic ; and little 
toxicity is exhibited by the highly oxidised 
forms. An element which is highly toxic 
to one fungus tends to be also toxic to other 
fungi, a fair degree of correlation having 
been observed, for the order of toxicity of the 
different elements with the four fungi 
studied. 

B. N. S. 


Heavy Minerals in the Tertiary Intrusives 
of Central Colorado. 

In recent times the study of heawy minerals 
for purposes of stratigraphical correlation is 
becoming more and more imioortant. J. T. 
Stark (Am. Mineralogist, 19, ISTo. 12) 
in attempting to correlate the Tertiary in- 
trusives of Central Colorado with the 
Princeton bathoUth, has subjected nearly 
30 specimens from different localities to 
mechanical anal^^sis. His table reveals a 
lack of variety in minerals, these are for the 
most part made up of apatite, bio tit e, pyrite, 
titanite, ilmenite and zircon, which are also 
the important heavy minerals in the Prince- 
ton batholith. The characteristic absence 
of minerals like tourmaline, fluorite, beryl 
and siUimanite show that the Tertiary in- 
trusives were particularly poor in mineralisers, 
and were relatively 'dry’ magmas. From 
these evidences he has confirmed the interpre- 
tation of Crawford made on the basis of 
petrographic, studies and field relations that 
these intrusives must have had a common 
magmatic source — possibly related to 

•Princeton batholith. From the study of 
munerous articles on heavy mineral separa- 
tion and correlation which are so prominently 
appearing in current journals, it is not 
too much to expect that it will come in 
handy for confirming many of the correla- 
tions that have already been done on other 
slender evidences. 


The Mino-Owari Earthquake of 1892 . 

In a short note to the Geological Magazine 
(Dec. 1934, 846) Charles Davison, the noted 
seismologist, has attempted to trace the 
effects of earthquakes on the condition of 
strain in the surrounding crustal regions. 


In some cases the strain is increased, whereas 
in other cases the strain is decreased.' Such 
changes on the condition of the strain in 
the adjacent crust is sufficient in many cases 
to produce what Oldham has termed 'Sympa- 
thetic earthquakes’. This phenomenon has 
now been studied by Davison in detail 
in the case of the great Mino-Owari earth- 
quake of 1891. Statistics show that after 
this great earthquake, in certain of the 
districts especially in 7 and 13 of Milne’s 
map of Japan, the number of shocks in- 
creased suddenly because they are situated 
on the main fault line. Further by the study 
of the Milne’s charts, Davison has been 
able to show that the effects of the movement 
producing 'Sympathetic earthquakes’ were 
confined to within a distance of about 
100 miles. 


The Cytology of the Alimentary Canal of 
Periplaneta. 

B. A. R. Guesson has described 
December 1934, 77, Part II, .I7o. 306) 

the form and distribution of the cytoplasmic 
inclusions and their relationship to the 
secretory granules in the epithelial cells of 
the midgut and hepatic ca^ca of Periplaneta 
orientalis. Functionally the hepatic caeca 
and the anterior region of the midgut are 
chiefly secretory while the posterior part 
of the midgut is main absorptive. In the 
anterior part of the midgut the periods of 
secretion alternate with the periods of 
absorption. Both the Golgi bodies and the 
mitochondria in the secretory as well as 
the absorptive cells are described with 
reference to their topographical relations 
to other organs of the cell and also to their 
shape. The author suggests that the 
secretory material is separated under the 
influence of mitochondria and in the vicinity 
of the nucleus is used in the formation of 
the secretory granules under the influence 
of the Golgi bodies. 


The Arterial System of the Common 
Indian Rat Snake. 

Hauish Chandua Ray {Journ. of Morph, 
December 1934, 56, hlo. 3), has given a de- 
tailed account of the arterial system of 
Ptyas mucosus and has recorded certain 
interesting features. The author has noticed 
for the first time the origin of the oesophageal 
artery from the left systemic arch, the 
presence of two longitudinal trunks on 
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eitlu^r of the lu^patu*- portal vein and 

th(‘ roiauatiou of a pcHuilia,!* loojxal cliain. 
A s(‘i)aiiait.(‘ splcaiic a,rt(M‘y and tlio presence 
oT a, (*onipli(ait(Ml iirterial eii*euit in connection 


with the female reproductive organ and a 
pair of small arteries called ' ‘the artcria 
complexa’’ are the other interesting features 
of this form. 


Science Notes. 


.1 Slufi// of Ihr Alniosphcrlr IforizoHlitl V'^islbUUy 
<U />tt Hiiftlore, By A, Ananl ha,j)n,(hnnnabha Hao 
(SrlriKr A^v/r.s- of ihv hoi. jMrl. Dcpl.. lOlM , 5, No. ()0). 
Visi})ility observations ta,k(‘n at Hanu,aloi*o diirina' 
a. p(‘i’io(l (>r t wo y(‘ai’S at S, 10. 12 a.n<l 10 hours have 
l)t‘(‘ii a.na,lys(‘(l a,n(l tlu^ montlily, s(‘a.s(>nal and 
a,iuiua,l variatioJis of visibility rr<‘(jU(‘ncios have 
beiai (l<'t,(‘i'niin(‘(l. Visibility is ^(‘!U‘rally fair to 
^ood ; bad visibilit y is a. var(' oianirrence except 
in tJu‘ inornini^'s, wlnai it- is larjj^i^ly a.ss<)(‘.iat.od with 
mist, t’oK or lia/a‘ ; ilu‘ frecpuaicy of t)ad visibility 
is gr(‘af(‘st- in winter and sutnnuM* iH'a.cliing a 
maximum in Ma.rch, and is least in the Soiith-\Vest 
Monsooi\ with ;i ininiinutn in Aui;ust.. A study of 
th(^ jissoeiat'ion of ba.d visihilit.y pvith relative 
luimidit y, witid v(‘lo<‘it.y, wind dins'tion a.nrl Cumu- 
lus (U* ('umulo-Mmhus clouds, shows t-hixt : — (1) 
bail visihilit y is a. ininimum with vahu's ol; relative 
humidity b(‘twe(‘U ()1 and SO p(‘r (‘.(uit. ; (2) 
rrcMpK'm'y of ba,d visibility' d(‘(a*(‘a.s<‘s with 1ncrea.se 
in th<‘ ViOoeit y of the surraxa'-witul ; (3) bad 
visibility is most. fiHMpK'nt. with southerly winds 
a.iid least' fnajinait- with noi'llKM’ly winds: and 
(■1) bad visibility is l(‘ss rnapUMit in the. presence 
of Cumulus or Cumulo-Nimbus clouds tfian in 
t.h(‘ir aliscmce. 

>1« t- 

The uahire (Old (jcnuiiKtlion of seeds e/ ''.I^inosimi’a 
eordOo ia. yi//cr.s‘. .M(‘ssrs. S. I;. Ajindcar a.nd 
J. D. O'/a of tlh^ (bijarat Coll(‘,u'(‘, Ahinedabad, 
wril(* : 'AVith {‘(‘hMumco t.othe notr on fruit and 
siaal developnumt. in 'I'luospovo eovdifoiUe Miers. 
without. f(‘r*t.ilisat.ion a,nd <‘mhryo foi'tna.t.ion pub- 
lislual t>y A. C. doshi and V. ’ V, Itanuin Jiao 
{('vrr. S'rh, 1‘. 3 1, 3, 02) and t.h(‘ ^ ubsii<juent rote 
on PNern bi*yt>na,t.<‘ S(‘<*(ls by H. Salmi \Oo-n\Sc'i ^ 
I 031, 3, 100) it. nmy bi* of int.(‘rt‘s(. t.o iM'JOord that 
in tin* (‘<>urs(‘ of an inv(‘st ij^ation of t.lu^ fun<>'us 
parasit.(‘s of 'I'} iios}K)r<t eordifolio Mi<‘i‘s. wliich we 
ha.v<‘ b<M‘n <’a.i*r'vin}j;' out. at Ahnu'dahad \v<^ ha.ve 
had occa.sioti t.o i*a.is(‘ setuHin^'S oi this plant lor 
inoetdat-ion (‘xpeshutud-s and wo h;i.V(‘ found that 
t in* se(‘<ls ha.V(‘ a. norma.l (‘luhryo a.nd tln^ o-ermina- 
t.ion is also p(M'f(‘ct]y norma.l. 

Odn* non-fontmtion of an (‘inbryo not.(*d by .Toshi 
and Kao is probably only din*, to the; a.bsence of 
jyoliina.t ion, 'Phis point ca,n be t‘a.sily saddled by 
t.h<‘m by art.ilhdal i)oHina.tion. d'lu* (piestion of 
ilu* germination of tin* (‘X(‘mbryona.t.(‘. seeds can 
also ln‘ a,nsw(*r(*d by them, by actual trial. 

‘'riu* d<‘V(*lopmi‘nt of ‘d)a.rrc‘n” fruit without 
tin* stimulus ev(*n of |)ollination is a familiar 
pln*nom(*n()n in cultivated plants, c.g., in Fig, 
C'ucumber, (irape. 

JK * 

A note 0)1 seed r ((riot ions in (.•ariica papaya, 

Limi.^ .Mr. S. A. rarandekar, M.sc., llajaram 

(k)ll(‘ge, Jvolhapiir, writes under di to 0- 2-193.5 : 
‘ ‘''riu^ usual experience of many of us is hhat the 
mature fruit of Papaw {< airica pagmi/a) contains 
numerous black seeds filling up as it were the 
cavity of the fruit, AU these seeds are very 


nearly alike. Very interesting types of varia- 
tions in the sizes and the number of these mature 
ovules have been observed. 

‘dn one of the ripe fruits only two seeds of 
the usual form and size were found. In another 
fruit belonging to the same plant only one ovule 
of an abnormal size (about -P') and of a yellowish 
colour was found. This could not in any way be 
di(ferentia.ted into the parts of a seed. The 
micropyle was wide ox)en and the integuments 
prominently seen. A naked eye examination 
of the longitudinal section, however, failed to 
si low any "differentiation, in the nucellar tissue 
which simply represented a large mass of cells ; 
in a. third f]*uit of tlie same plant an ovule of 
the tv lie mentioned above was present in addition 
to a few (about 10) normal seeds.” 

JK 5l« 

Rare Observation of a Plant drannng Nourish- 
ment from Eggs. — Mr. A. Ramakrisbna Reddy, 
B.sc. (lions.), of the Annamalai University, reports 
a rare observation concerning a well- developed 
grass plant of the genus Cyperas in the Univer- 
sity grounds wliose roots had pierced three 
developing ealolcs eggs lying at different levels. 
Apparently the plant was drawing its nutrition 
from theiu. The plant had also developed 
adventitious roots in the lower and middle eggs, 
both of which had shrivelled down owing to 
tlieir being depleted of the contents. The obser- 
ver considers this to be a case of semi-para.sitism 
or a rare and unusual instance of a plant develop- 
ing a carnivorous habit t.hrough the root system. 

Al(tp-m((king in India . — From the first attempts 
at Map making made by the Merchant Adven- 
turers of old to the rigorous methods of surveying 
introduced first by Col. Lambton (1S00-1S23) 
and extended and improved by Col. Sir George 
Everest (1830-1843), the history of Indian surveys 
is one of evolutionary progress. The first map 
of India appears to have been prepared by the 
Eronch Geographer D’Anville from a knowledge 
dej'ived by the routes of travellers in India 
a.nd rough charts of the coasts ; the English Edi- 
tion of this w<as publislied in 1764. 

dTie credit for laying the real foundation of 
Indian Geography goes to Major James Rennell 
(17()3-1782) who as Surveyor-General of Bengal 
carried out systematic route surveys, the specified 
stations being located by means of astronomical 
observations of longitude and latitude. The 
Bengal Atlas published in 1781 was the result 
of his labours. About the year 1800, Major 
Lambton. who realised the inaccuracy of the 
older methods, put up proposals for carrying 
out a scientific trigonometrical survey. The work 
of covering the whole of India with a grid of 
accurately measured triangles has been continued 
ever since, and the credit of planning and mapping 
of India on a rea,lly scientific basis goes to Lambton. 
His able successor Sir George Everest starte4 
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on the coini^letion of tlic (Jreat Meridional Arc 
series of triangles wliicli liad ho(m brought up 
from Cape ('oniorin to Sironj in the centre of 
India, ami was to terminate in the Himalayas 
near Mussoorie, Up till 1S18 he was employed 
in extending his system of a gridiron of triangula- 
tion in the series about 60 ndles apart which was 
opx-)Osed to I^ambton’s sc'heme of a network. Tlie 
whole conception of the basis of land surveying in 
India, as it now exists, is due to the creative 
genius of Sir George Everest (1830-1813). 

Third Internahio'ud Congress of Soil Science . — • 
T1 e Third International Congress of Soil Science 
will be held in Oxford, England, from July 30th to 
August 7th this year under the presidency of 
Sir John Bussell, d.sc., f.r.s. The two previous 
congresses of the series were held in Washington 
in 1927 and in Leningrad and Moscow in 1930, 
and were notable for the exceptionally inter- 
national character of the xiersonnol and the 
discussions. The Congress wdll meet as a whole 
in six plenary sessions, at which a general survey 
of recent advances in every branch of soil science 
will be made, and it will also work in sections 
or “Commissions” dealing specifically with soil 
X)hysics (T), chemistry (II), biology (III), fertility 
(IV), classification (IV) and technology (VI). 
Three sub-Commissions will discuss problems 
relating to alkali, forest, and peat soils respectively. 
A 16-days excursion round Great Britain leaving 
Oxford immediately after the Congress, and 
terminating in Cambridge on August 23rd is being 
arranged for the benefit of members wishing to 
obtain first hand knowledge of British agricul- 
ture and soils. 

Every member of the Congress wdll receive a 
copy of the Official Transactions, including the 
full text of papers read at the plenary sessions, 
and detailed reports of the discussions at the 
Commission sessions. The cost of the Transactions 
wdll be included in the Congress fee (£ 2), payment 
of wdiich will also entitle members to attend all 
meetings, receptions, etc., held in connection with 
the Congress. Accommodation during the Con- 
gress in an Oxford College may be reserved through 
the Organising Committee, or privately in hotels 
or boarding houses. 

Intimation of attendauce at the Congress 
should be sent as soon as possible to the Secretary 
of the Organising Committee, Mr. G-. V. Jacks, 
Imperial Bureau of Soil Science, Ilarpenden, 
England, from whom all further information 
may he obtained. 

5lS ^ * 

Fourth International Fertilisers' Conference . — 
We are happy to announce that Prof. N. R. Dhar, 
D.sc. (London and Paris), p.i.c., t.e.s.. Professor 
of Chemistry, University of Allahabad, has been 
appointed ISiational Correspondent for India of 
the Fourth International Conference which will 
be held at Borne in 1936. Prof. Dhar has accepted 
the office and will be proceeding to Borne next 
year. This International Organisation has 
branches all over the world and the Kational 
Correspondents are expected to report to the 
Conference the Agricultural Progress of the Coun- 
try which they represent. Dr. Franco Angelini, 
Member of the Italian Parliament, is the Secretary 
of the Conference. 


Neio Oil Seeds Ilesenreh St (d ion in d/udw.s*.-— 
About fiftcHUi a,cr(^s of land vv<m‘(‘ l(‘as*‘d in 11)25 
for research on gi-oundnids. In 1936, Govern- 
ment sanctioned tlu^ mobilisai.ion of a s(‘i>a,rate 
section for rcsca,rcli on iinportaid- oil sihuIs, rb., 
Groundnuts, Giugndly, (7i.stors and ( 'ocnannts. 
The increased work d<ana.n(lc'd a. larg(‘r station 
but there w'ero no possibilith's lor extending ih(^ 
existing station, and it was tluM-d'orc' (bnUb^d to 
ox)en a new station about a. niil<* and six lurlongs 
away from Tindivanani (South Areol, District) 
in the heart of th<^ groundnut a,r<‘a.. Th(‘ new 
station is a.bout fifty a(M‘(‘s in ext<‘id’ with possi- 
bilities for expansion, if ni‘(‘essa,i’y. A sum of 
about Us. 25,066 is sanetionml for the ])iirchase 
of land, necessa,ry equipit\(‘nt and (nnstaaictitm of 
residential buildings. Tlu' lTn])erial ('ouneil of 
Agricultural Ues(^arch bas sanctiomnl a sclnmie 
costing about Us. 56,666 for i*<‘sea, reh fm oil seeds in 
Aladras. Tlie res(‘a,rcb work proposed iind(n- 
this scheme will lx*! e.onductt‘(l oiv t-|iis station. 
Genetical, x>hysiological and apx»nonnc )n*ol)ltans 
connected with groumlnut.s, ging(dly aud castors 
will mainly be dealt with at t his stal ion. 

He H< 

The Academic Goimcil of th<‘ Aliga.rh Muslini 
University has decided to a.\v^'lI'(l th(‘ degree of 
Doctor of Plulos()pliy~-dlu‘ first l>oe.torat(‘ given 
in Physics by th(i Univ(M*sity t.-o Mr. IMuliarnmad 
Zaki Uddin, m.sc. iions, (Alig.), Ues(‘a,r(di Scholar 
of the Aligarh Muslim University. 

Ht 

Indian Central Colton. (U>niniilfee. 3'ln‘ 36tli 
meeting of the Indian (\‘utral (lotf.ou CommJltiM* 
was held on th(> 4th and 5th, lAdu’u.'U’)' 1935, at 
the headquarters of th(^ (7>mmitlt‘<‘ at \hdcan 
House, Nicol Uoaid, Ballard Estutix un(l<*r th(‘ 
Xiresidency of Diw'an Baha.dui* Sii* T. Vijaya- 
raghavacharya, K.n.K., Vi(t(‘-(3uunnan, lnq)erial 
Council of Agricultural U<‘s(uireh. 

Among th(‘. morci import.a.nl. subji'cts that cum* 
up for consid(n*ati()ri inn.y )>e nu'rd-ioned a. refiu’ence 
from tlie International EiMhu’ation of Master 
Cotton Sjiinners’ and Manura.ctur(‘rs’ Associations 
suggesting a. rev(n*sion to the original sysfein of 
marking bah^s on hoojis ; (‘.omplainl from the 
Lancashire Indian ('otton ( kmunit tes* n^garding 
the mixing of diffennd. t.yp(*s of edt.on ; riquut 
of the Publieity and Urojia-ga.nda Offie-m' ; findings 
of the Special M(i(t-ing of t»he Agihadf iirnl Ueseandi 
Sub-Committee on th<* sch(‘m(‘S of t-h<* Gommiltee : 
spread of Garrow Hill or I )f*()r\va.(la, ladton in 
Berar ; the esta,blishm(M)t of cotton markets 
in the Bombay Pix^shhmcy a.nd ttu* Punjab and 
the rex>orts of Sub-(lommiil.<*(‘s. 

The Committee adopted ttu* r<*]>ort. of tin* 
Agricultural Uesc'arch Sub-( kimmittei^. Tin* 
Madras Pempheros and Physiological S<‘ln‘m<* 
was examined in detail atxd its eont inua-nci^ 
agreed to. 

The Madras Tlerbaceum Seh(‘mci was (*xt(‘n{h‘d 
for a further period of three y(‘arK for t in* furtin*!* 
testing of promising strains. TIu* Punjab Uoot 
Bot Scheme, the Punjab Botanical Sch(*im5 and 
the Punjab Spraying Trials Sclnune wa*r(‘ {‘xt (‘iidcd 
for various periods. A new sebenu* known as 
the Mysore ‘Bed Leaf Blight’ Schenu^ was satuUon- 
ed for three years with a grant of Bs. 2,81 1 per 
annum. The Sub -Committee also r(‘c.omnu‘nded 
that the existing arrangement for subsidising 
the H\xbU aud Gadag Co-ox*) crative ►Societies b<?> 
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ccHiiinutni Tor oik* more yea,i‘ ai- a.ii estimated 

cost of Ks, litOOO. This was a,(lopte(l. 

>K :|: -i' 

(UiroiiU'H liolunlca I nimudional ) ivo*-./:?ooA‘ of 

Botany, iiiis work which is (‘xp(‘ct(‘(l to l)e pub- 

Usiu'tl ill llu' Spriiij; of lOeo canhodii's several 

important. s<‘<‘t ions : ( I ) (’a.U*n(la.r importa.nt dates 
co!Ui<‘c*t(*d witii ih(‘ History of l>ota,ny ;xn.d the 
aciiviti(‘s of th(' well-known Bot.a.nists. (2) The 
Inli'rnationnl Hnta,ni(‘al (\)nF,ress Announce- 
ments, Reports of RrociHslin^s, cic. (1^') Inter- 
na, tional vSoci(i.i<*s, tomnnt.t-(M*s. ( V>n};resse8, etc. 
(1) Survi‘y of Rm-i' and A[>plied lh)t a.ny dining the 
prc'cialiug yo:\v. 'Tliis s<‘et.ion will c.ontain personal 
information about, bota.nists in <w(‘ry part of the 
world and also a.nnua,l re})orls of all bota,nivBal 
instit.ut ions including la.bora.t.ori<‘s, nuiscaitns, her- 
baria, (‘Xpiuinnmtal and oHum* st jUions for applied 
V>ota,ny. ddu‘ natiiri'. of tlu* mori* important 
invi‘st.'i gat ions luring* cari-iisl on in t h(‘se institu- 
lions will also bi* indicatinl. (b) ('orri'spotidence. 
This “ Koiaun Rot.aniiann” will {u-ovide opportu- 
nitic's for ventilating t.ht* vi(‘ws on all subjects of 
interest. to bot.auist.s. (7) Ailviaiiaements. 
idiis \'(*a,r-Rook is (‘dited by h\. V(‘rdi*oon in 
colla,]. orat ion w^it h a.n Advisory Roju'd and mimer- 
ous assist ant and corr(*s})onding Kdit.ors. further 
information can bi* obtainial from Kr, V^ei‘droon, 
.Bot.a-ni(*a, R.O. Hok S, laddcai, Holland. 

>|< sH 


A «,voc }(itio>i of ICvo nttniic / li o J oy ists . - f) t h .T anuary 
Hr.h) It. D. Rege, Crop Physiologist, 

Paih'gon, gave a, le(dur<‘ on tlu^ “Problems of the 
l)(‘ccaii ('anal Traiid’. 

At- the annua.l meciing of the Associa-Cion on 
t.he 2brd .binuary 1925. tlu' following oh ice -bearers 
were (‘h‘ct.(*d : Mr. K. Ramiah, M.sc.., Paildy Specia- 
list to the ( lovauamumt of Ma.dras, I*rrsU{a7U : Mr. 
V. Ranianat ban, L.Ag., ('ottou Sp(‘cialist to the 
(Jovermmmt. of Madras, ira-f^rr.satent ; a,nd 
Hr. .1. S. Pat(d, M.s<*. nh.i)., Hil Sinals Specialist 
t.o t.h(‘ ( ;ov(‘rnm(‘nt. of Madra,s, Srrrdary. The 
resolutions w'(‘r(^ passed, opposing Itu* rimioval of 
vahialih* Hotanii'a! sj)ecim(‘ns from this country, 
d'he R(*tiring Pri'sidimt., Mr. N. b. Dut-t, Second 
Sugai’caiK* Hr<M*d(*r, ImpiM’ial ('aiu* I^rceding 
Stat ion, ( 'oind)at<)r(‘, didixau-i'd ;i. V(‘ry a.ble a.ddress 
on “ Recent- a.dvanci'S in ^Sllga.rc.a.n(‘ Rri*oding in 
India,” illust-rat.iKl with la,nt.<*rn slid(*s. 

2Stli .lanuary 19:15: Hr. ,1. A. Haji, Officer in 
charg<* of Soil R(‘S(‘a,rc.]i, Sliolapur, delivered 
a lectiin* on t.lu* “ 1 )(*compositioJi of the green 
mnnuri* in .soils”. 

>H >»< »H 


I ndUtn Bofaairal Soctcly. Ai> the annual 
m(*(ding of t-lu^ Indian botanical Society held 
at. Cah'utta, on .lanuary Ith, 19:15, th<‘ following 
onica^-b(‘a.r<‘rs W(‘r(‘ <*l(‘ct.(‘(l. 

PrcMnil (1 y(‘a,r): Hr. ,1. H. Mitter, m.a., 
rh.i>.. K.n.s. : r/rc-/‘A'%sh/cats (1 year) : i ror. 
P. Ihirija, m.a., r.K.s; Hi*. S. R. Rose*, M.A-, D.sc., 
F.L.S., r'.K.s.i'F ; II oiiorary Sco'ctary (:l years) : 
Hr. K. K. Janaki Ammal, M.A., m.sc., d.sc., ^ 

MeviOm of Ihc BAuaadave (JtmncU (\ year): (1) Hr. 
R. Sahni, M.A., i)..sc.. sc.D., F.u.s., f.a.s.b. ; (2) Hr. 
P, (k Sarbadhikari, M.A., rh.D., d.sc., ’ w'>) 

I>r. 1^. Maheshwari, M.sc., D.sc,. ; (4) Hr. 1. Jikain- 
barain, M.A., Ph.D. (5) Dr. M. A. Sarrxpath- 
kunuiran, i>h.D. ; ((i) Prof. R. 11. Dastur, M.sc., 

; (7) Dr. S. P. Agharkar, M.A., i-b.D., ; 

(K) Dr. K. (!. Mehta, M.sc., i-h.D. ; (9) Dr. It. 
JJaKchco, M..SC., D.sc., D.i.e. ; (10) Mr. K. Biswas, 
M.A. Particulars regarding membership may be 


obtained from the Secretary. Dr. E. K. .Tanaki 
Ammal, m.a., d.sc., Imperial Sugarcane Station, 
Ijawley Road P. O., (bimbatore. Subscriptions for 
membership should be sent to the Treasurer 
and Business Manager, Prof. M. O. Parthasarathi 
Iyengar, m.a., pIi.d., f.l.s., Director, University 
Botany Laboratories, Teynampet, Aladras. 

H! 

Biochemical Society, Calcutta . — A meeting of 
the Biochemical vSociety, Calcutta, ^vas held on 
Wednesday, the :i0th January, at the School of 
Tropical Aiedicine at 4-15 p.m. Dr. N. R. Chatter- 
iee cf read a paper on “The effect of bacterio- 
phage on the enzyme activity of vibrio cholerpe” 
and Dr. B. G. < luha. and Mr. A. R. Ghosh read a 
paper on “ The biological s^uitliesis of ascorbic 
acid (Vitamin C.)” 

5lc :is 

The Executive Council of the Lucknow Univer- 
sity ha.s nominated Dr. Birbal Sahni of the Luck- 
no w' University as delegate to the third centenary 
celebrations of the Natural History Aluseum, 
Paris, which is being held about the last week 
of June 1935. Dr. Birbal Sahni will also represent 
the Lucknow University at the International 
Botanical Congress wliich is being held at Amster- 
dam in September 19:15. 

X: * * 

Proceedings of the Association of Economic 
Biologists, Coimbatore,. Vol. I, 1930-33. — This 
little pamphlet of about 100 pages contains an 
account of the transactions of the Association 
since the date of its inception in 1930. The 
activities of the .Tournal which were being recorded 
from time to time in the pages of the Madras 
Agricultural Journal have now been brought 
together within the covers of me volume in chro- 
nological sequence. The pamphlet represents 
a useful collection of a,hstracts of papers and 
lectures and since a good number of the observa- 
tions communicated in abstract form does not 
appear to have been published as full scientific 
pa-iiers in any of the scientific Journa.ls, this publi- 
cation will form the only record of such observa- 
tions. It is a matter for the publishers to consider 
whether in subsequent publications, it would 
not serve a more useful purpose if the contribu- 
tions a, re grouped together under crop heads 
rather than arranging them in chronological 
sequence. Such an array will form a record of the 
progress of research under classified subjects. 
The abstracts, too, could he made fuller so as 

to include significant data. 

* * ♦ 

We are very happy to congratulate Dr. H. 
Cha.udhuri, pIi.d., d.i.c., on his appointment 
as the Head of the Department of Botany Teach- 
ing in the University of the Punjab. The mantle 
of the late Rai Bahadur Shiv Ram Kashyap has 
fallen on worthy shoulders and we look forward 
for further progress in the department which has 
already a great reputation as research and teach- 
ing centre in India. 

* * sf: * 

We acknowledge with thanks the receipt of 
the following' : — 

“Journal of Agricultural Research,” Vol. 49, 
No. 8. 

“Journal of Agriculture and Live-stock in 
India,” Vol. 4, Pt. VI. 

I “The Journal of the Royal Society of Arts,” 
Vol. 83, No. 4287. 
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‘'Indian Journal of Agricultural Science,” 
Vol. 4. Pt. VI. 

“Contributions from Boy re Thomson Institute,” 
Vol. 0, No. 4, Oct.-Dec. 1984. 

“American Journal of Botany, ” Vol. 21, No. 10. 

“The Journal of Institute of Brewing,” 
Vol. 41, No. I, Jan. 1935 and Supplementary 
Number containing title page, contents, Index, 
1934, Vol. 40. 

“Canadian Journal of B.esearch, ” Vol. 2, No. 0. 

“Chemical Age,” Vol. 31, Nos. 808-809 ; Vol. 
82, Nos. 810-812. 

“Beri elite der Ileutschen (diemischen Gesells- 
chaft,” Vol. 67, No. 18, Vol. 68, No. 1. 

“Journal of Indian Chemical Society,” Vol. 11, 
No. 12. 

“ Indian Forester,” Vol. 61, No. 1. 

“ Forschungen und Portschritte, ” 11, Jahrgang, 
Nos. 1-3. 

“Forest Bulletin, No. 87, 1934 (Silviculture 
Series) Von Wulfing’s Yield Tables for Teak 
Plantations in Java,” by H. G. Champian. 

“Forest Bulletin, No 89, 1934. The Effect of 
Defoliation on the Increment of Teak Saplings,” 
by H. G . Champian. 

“Agricultural Statistics for India,” Vol. 2, 
1931-82. Area, Classification ol area, Area under 
inigation, Area under crops, Live-stock and I.iand 
Revenue assessment in certain Indian States. 

“Transactions of the Mining and Geological 
Institute of India,” Vol. 29, Pt. 3, December 
1934. 

“Indian Trade Review,” Vol. 13, Nos. 73 to 74. 

Department of Commercial Intelligence and 
Statistics in India — Statistical abstract for British 
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India with Statistics wl\cr(‘ availably iRdating to 
certain Indian State's Iroui 1 922-2. > to 19.U-.t2, 

Lanolin Bust Pr<‘V('nt.<'rs f2nd Falition). Issued 
by the Depart rnx'iit of Scieaitific. and Industrial 
Researcb, Fmgitu*ering Rcse'arch S|)(‘cia.l Ih'poii 
No. 12, (11. M. Statioiu'ry Oflicu', 1931.) 

National Beseandi ( Vuincib ( •a.nada, I7th Animal 
Report containing « t h(‘ i-(‘i)ort ol t ln' President 
and Financial .Statemu'nt., 1933-3 1. 

“Medico-Surgical Suggestions,” Vol. 3, No. 12 ; 
Vol. 4, No. 1. 

India Metoorologiewd I )(‘pari im'id , Sc.ieuitidc 
Notes, Vol. 5, No. 60. A study of tlu' Atmos- 
Xdieric llorizonlal Visibility at Bangalore'. 

“.lournal of tlu'. lnelia,!i Mathematical Sociely. ” 
Vol. 1, No, 3. 

“Nagpur Agricidtural (t>llege' Magay.im*. \ e>l. 9, 
No. 2. ' ■ 

“Nature,” Vol. .131, Ne)s. 3399 to 3 lOO ; Vol. 135, 
Nos. 3401 to 3103. 

“Tlie Journal of Nutrition,” Vol. S, Ne). 6. 

“The Journal of ( die'rnietal IMiysie's, ” \hd. 2, 
Nos. 11 and 12 ; Vol. 3, No. 1. 

“Journal de ( Jiirnie^ Pliysiepie', ” d'oine' lU , No. 9. 

“Physica,” Vol. 2, No. 1, .la.nuary 193.5. 

“Science Progre'ss,” Vol. 29, No. 115. 

“The Indian Trade' .lournal,” \'ol. 155, 

No. 1490 ; Vol. 1 10, Nos. 1101 to M03. 

Imperial Institute'- of Ve‘t.e‘ni\ar> Ke‘S(‘are’h, 
Annual Report, 1931. 

( •ATAI.eXHTKS. 

BailUere Tindall A: (m)x. -Puhruad ie>ns in Mt'di- 
cine and Sciences, Oct-ohe'i*, 1931. 

Cambridge Univeu'sit y Pre'ss, ( tambrid g' Spriiu^ 
Books, January to duly 1935. 


Academies. 


National Institute of Sciences of India. 

At the first ordinary general meeting of the 
National Institute of Sciences of India held in tlie 
roemsof the xVsiatic Society of Bengal, 1, Park 
Street, Calcutta, at 11 a.m. on the 8th January 
1935, the papers mentioned below were read : 

(i) “ Synopsis of the Pre-Vindhyan Geology of 
Rajputana,” by Dr. A.M. Heron, n.sc., F.ii.s.E. 
(ii) “Physiology, Bionomics and Evolution of 
the Air-Breathing Fishes of India,” bv Dr. S. L. 
Flora, D.sc., f.r.s.e., f.a.s.b. (in) “Problems of 
the Solar Corona, ” by Prof. M. N. Saha, D.sc., 
P.B.S., F.A.S.B. (iv) Ionospheric Height Measure- 
ments at Allahabad,” by Mr. G. R. Tosbniwal 
(communicated by Prof. M. N. Saha), (v) “On 
the^ Electron Theory of Metals,” by Dr. R. C. 
Majumdar, Fh.D., University of Ijahore (communi- 
cated by Prof. M. N. Saha), (vi) “On Symmetri- 
cal Space with Ninimum rate of expansion,” by 
Prof. N. Sen. (vii) “New facts regarding in- 
fectmn of Citrus by Collelotnchiim glecsp '-roirfes,^^ 
by Dr. H. Chaudburi, Lahore, (viii) “Synthetic 
Enzyme,” by Prof. .H. K. Sen and Mr. Sobhanlal 

^ finestion of the Expansibility 

of Zero m the series of Legendre functions 
having non-integral parameters, ’’ by Prof. Ganesh 


Prasad, (x) “On tlu'. Oa,taphor('tic S]>(‘cd and 
Inorganic Colloids, ” by Prof. J. N. Muklu'rjrr, 
Mr. vS. G. Chandhuri a.nd Mr. B. N. Ghosh, 
(xi) “On Mon and Munda, in India and bt'vond,” 
by Dr. J. H. Hutton, c.i.k., m.a., d.sc., f.a.s.b., 
i.e.s. 

Physiology, Bion()mi<’..s a.nd 10 volution of (Ih* 
Air-Breathing Fislu's of India. Ity I h’. S. L. 
Mora, Zoologica.l Survey of Imlia. 'Pla* fresh- 
water fishes of ])onds, pools aiul mai’siu’s ia 
this_ country, as in the tropii's gvnr rally, ar«' 
subjected, as a result* of tlu' inarkt'd periodieit\ 
of the dry and wet st'asons, to extreme lanuli* 
tions of drought for prolong(‘<l jn'ilods. Hu' 
shallow waters beconi<‘ v('ry foul and are often 
liable to comidete ch'siceation. As a rt-sulf a 
number of fishes luwe adapli'd tlu ‘ms«4*»'t's 1(» 
aerial respiration, so that tlu' d(‘(i<*ieucv in tin* 
oxygen contents of the waG'r does not atb'el 
their lives to any very gre it (‘xti'id . 

The fresh-water air-breathing lislu'.*-^ of liengal 
have been extensively .stmlii'd sima- 18.30 ariil 
have been the subject of considerable' I'xpi'rimental 
work. Fishes kept in aqiuiria* and pr<‘Ve*nle«l 
from coming to the surface, to br(*a.i lu' air wen- 

drowned” in the earlier expt*rinu‘nts, ])ut if 
) a larger vessel is employed or the wati-r is kept 
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thoroughly aerated, “drowning” does not occur 
in the majority of cases. Fishes like maffiir 
(Clarias) and slngl [Heteropneustes) can live 
indefinitely under water provided suitable con- 
ditions for life are established. Tn hoi {Anahas) 
and ftaul and lata {Opkicephatus) the air-chambers 
are in the form of cavities in the head so that 
when these fishes are subjected to “drowning” 
experiments, a certain amount of air is locked 
up in the chambers and the fishes die of aspliyxia- 
tion. If, however, this air is sciueezed out and 
replaced by water in some way, the fishes can 
live under water indefinitely provided the water 
is kept well aerated. 

Cuchia- {AnrpJnpnouft) is a liighly sx)cciaiised 
fish in which regular “lung-like” chambers are 
develojDed for breathing air. This specialisation 
makes it impossible for the fish to live indefinitely 
under water. 

In tlie dry season, hill-streams become cut 
up into series of x>ools in which the oxygen content 
of the water falls considerably as com^iared with 
that of rushing torrents. Here again the fishes 
are forced at times to resort to aerial rest^iration. 

In tidal creeks of the estuaries and of the sea- 
shore, the tide plays an important p.art in the 
lives of certain fishes, specially the shore-living 
gobies and blennies. At times they are immersed 
under water and breathe by means of tlieir gills, 
while at other times they are left high and "dry 
and at such times they must resort to mrial 
respiration. 

It is thus seen that in India the evolution of 
air-breatliing fishes has taken place in four different 
habitats : (i) Marshes and (ii) llill- 

streams, (iii) Estuaries, and (iv) Sea-shores. The 
habit of breathing air seems to have been acejuired 
independently by groups of species living under 
different environmental conditions and it seems 
that while the simplicity of a structure is no 
criterion of its low organization or primitive 
nature, its utility appears to be the sole guiding 
principle in its evolution. 

Dr. B. Prashad menf/ioned that he had watched 
Dr. Flora’s experiments, which were carried 
out in the laboratories of the Zoological vSurvey 
of India, and had made such suggestions as had 
occurred to him at the time. Fie added tliat Dr. 
Flora’s results are faithful re(?ords of his observa- 
tions and mark a considerable advance on our 
knowledge of the physiology of respiration of the 
air-breathing fishes of India. Dr. Hora’s sugges- 
tions regarding the mode of origin of the air- 
breathing habit in the fishes of diffej*ent habitats 
offer a very promising field for further work and 
it is hoped that future workers will try to elucidate 
the various factors operating in these habitats 
more precisely. 

Professor P. R. Awati enquired if the author 
had done any work on the vascular system of 
the air-breathing fishes so as to correlate the 
structural adaptations with consequential modifica- 
tion in the blood supply to the resx^iratory organs. 
•In reply Dr. S. 1j. Flora referred Professor Awati 
to a number of works already published on the 
vascular supply of these fishes and added that 
further morphological work is, at his suggestion, 
being carried out at Cambridge and Lucknow 
to amplify the author’s experimental results. 


Indian Academy of Sciences. 

The Sixth Scientific Meeting of the Indian 
Academy of Sciences was held on the 2()th January 
at the Indian Institute of Science, Bangalore. 
Sir C. V. Raman, ict., f.r.s., n.l., the President of 
tlie Academy, was in the Chair. 43 scientific 
papers representing various branches of science 
and communicated by scientists from all parts 
of the country were listed for discussion. 

Tiie following papers have been published 
in the 7th Number of the Proceedings. 

SFCTION A. 

S. Bhagavantam and a. Veebabhadra 
Rag : Distribution of hitensiiy ni the Rotalionat 
Raman Spectra, of ( loses, — The relation between 
the apx^arently different types of intensity dis- 
tribution in the rotational Raman Spectra of 
Liquids and Cases is experimentally followed 
up by compressing N^O and CCc at temperatures, 
below their critical The absence of a 

maximum in the rotational wing and concentra- 
tion of intensity in the close neighbourhood of 
the Rayleigh line which are regarded as specially 
characteristic of the liquid state, are now also 
observed in gases, although at high pressures. 
M. Raman adhajm : The Principal Optical Polori- 
sabiliiies of the Napihalene Molecule. — A rew 
method of evaluating the optic moments of a 
molecule based on a knowledge of the orientation 
of the molecules and the refractive indices in 
the crystalline state, is presented. The latf: 
A. N. Meldrum and P. H. Parikh : Synthesis 
of Phenylacetic acids from, (laliic acid and its Methyl 
ethers. The late A. N. Meldrum and P. FI. 
Parikh : Synthesis of m-Hemipinic acid. --A new 
synthesis starting from veratric acid is described. 
Azhar Ali Khan, P. N. Kurien and K. C. 
Pandya : The Condensation of Aldehydes ivith 
M atonic acid in the presence of Organic Bases. 
Part II. The Condensation of Salicylaldehyde . — 
The effects of a nunj.ber of organic bases other 
than pyridine and piperidine such as lutidine, 
quinoline, cinchonine, etc., are quantitatively 
studied. K. Venkatachaliengar : The method, 
of finding the class-number and the structure of 
ihe class group of any algebraic field. I. Chowla : 
The representation of a Positive Integer as a Sum 
of Squares of Primes, S. I^. Malurkar : Ejfect 
of variation on the Transmission of Temperature 
Discordinuity . B. Ramamurti : Linear Complexes 
related to a Rational Norm Curve. 

SECTION B. 

Hari Raman Bhargava : Contribution to the 
Morphology of Eclipta erect a lAnn. B. M^. Johri : 
Studies in the Family Alismar.eoe. ' II. Sagiltaria 
sarjitUfolia F. Col. T. Froilano de Mello : A 
Contribution to the Study of the Blood Parasites of 
some Indian Birds . — Fdie following parasites of 
Indian birds found in Goa are described or record- 
ed:- (I ) Herodias interynedius VV^agler : a (hard i a 
abundant also in the intestine and which will 
be described later on ; Plasmodium herodiadis 
n. sp. ; Hcvmoproteus n. sp. ? ; a Microfilarium. 
(2) (lallinula chloroptis L. Plasmodium gallinuPe 
n. sp. (3) Machlolophus xanthogenys (Vigors) : 
Hamoproteus machlolophi (Plimmer, 1912). (4) 

Chloropsis aurifrons davidsoni Baker : Plasmodium 
chloropsidis (Scott, 1925) ; L^.ucocytozoon chlorop- 
sidis n. sp.; a Microfilarium. S. S. Patwardhan : 
On the Structure and Mechanism of the Gastric 
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Mill hi Decapoda. 11.— A (/oniparative account, 
of the Gastric Mill in Brachyura. — The ‘••astric 
mill is essentially typical in all cases of Brachyura 
examined. S. S. Patwardhan : Nematodes from 
the Common Wall- Lizard Heaudact) lus llavo\ iriilis 
{Ruppel ). — Examination of the intestines of 
several specimens of the common wall-lizard 
Ilemidactylus flavoviridls (Ruppel) revealed the 
presence of two species of Nematodes: (1) 
Thubunia asymnieirica. (Baylis, 1930) ; and (2) 
Tkelandros kemidactylus sp. nov. a new species 
of the genus Theland-ros Wedl. 18()2. (•. R. 

Harihara Iyer, G. S. Stddappa and V. SuBitAir- 
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manyan : 1 }i Vf'sl }(/al toNs on l/n* Lble of fhv/muV 
mailer hi Riant Nalrifion. Carl \'f. Ljjvel of 
mhinfe ({uanlUies of rerlahi forms of onjanir mailer 
on plant yroirlh and reprodnef ion. Iuj(‘e(i(»n of 
iniiuit(‘ (jiuvui of (*<M‘tain organic (‘Klracts 

irit,o ma.tui'(‘ suu(low(‘r plants led to uol, only 
b<'tt(*r grov'tli but. also gi’catly iii<Teas(‘d (lowering 
a.iid se(‘ding‘. b(‘si. r(‘sults oblain(‘d in 

tlie ca.s(‘ of phints r(‘C(‘iviug <*xtra<’ts (d‘ yi'usl or 
fa-rrnya.rd ma.nur(‘. (Comparative (i-ials with in- 
orga-nic sait-s which w(M‘(‘ finl <!ii'('cily to pot or 
plot cultur(‘d !<h-(‘nch b<*a.ns or barley did not lead 
to any mark(‘d improva'nnmi , 


Heavy Water 

I N a, lucid exposition before^ the Royal 
Institution, Prof. M. Polanyi (Natvre, 1 * 35 , 
19) points out that the n(^w isotope of hydro- 
gen is viewed so differently from other isotopes 
that some chemists consider its discovery 
to be possibly the greatest adva-nce in 
chemistry made in this century. In fact 
this structural isotope does not behave 
as an isotope at all and can be separated 
from the normal hydrogen by chemical 
means. In general, compounds of heavy 
hydrogen p) react more slowly than the 
corresponding ordinary hydrogen (H) com- 
pounds, heavy water reacting 20 times 
more slowly. These differences cannot be 
sufficiently accounted for as a mass effect. 
The compounds of the two hydrogens differ 
actually in their energy content, and this 
can he explained according to the Law of 
Uncertainty, a principle of Nature recently 
discovered by Heisenberg. According to 
this, every molecule has a kind of perma- 
nent energy called the uncertainty 
energy ”, and it can be calculated that for 
ordinary water the energy is 13,097 cal., 
while for heavy water it only 9527 cal! 
Thus ordinary water requires a much smaller 
quantity of (Energy to split it into hydrogen 
and oxygen than does heavy water. This 
permanent energy is greater the tighter 
the bond which holds the atoms in position 
and the corresponding contrast between 
the two hydrogen compounds also becomes 
more marked. The consequence is that T) 
prefers to exchange places with PI wherever 
it is more tightly hound, with a resulting 
- release of some energy as in 

HP + HI HI + DF + 700 Cals. 

Such interchange reactions have been 
the object of numerous studies in recent 
years. According to the relative preference 
which a compound gives to D over H, a 


in Chemistry. 

ratiuu* intinial>(‘ kiiowl(‘dg(‘ of Mi<‘ jX'riunnciU 
(m(n‘gi(‘.s in tlH‘ compouiuls is obta,iiu‘(l. 
Furtlun*, this (‘.ai]>a,('it.y of soim^ (‘ompcninds 
to a(u*-umulati(‘ a, (‘.onipairativdy liigliEr ([uola 
of I) pr(‘S(ait. in ai mixtina^, ca-n b(^ iililist'd 
to work out, a, (‘b(‘a.i>(*r tmdbod of inanin 
fa(*, taring |)ur(‘ 1).,. 1Mi(^ int,{‘r(‘li:ing‘<‘ re- 

action c.a,n b(‘ usexT t,o pr(q)a,r(‘ nu>r<‘ (‘ompli- 
catcMl (*.()in pounds of lH‘a,vy liydrogtui, sucli 
as It, a, Iso t, brows a/ considerable 

light on tlu^ n\(u*ha)Uisni of (*h(uni(*ai reac- 
tions, suc'li a,s hydrogiuiadion. Agahi, it 
may Im })ossibl(‘ to utilis(‘ (.1 h‘ lowa^ixxl rtNieli^ 
vity in synt-h(d,ic c.h(unista‘y hydrogen 
compounds wiu(*.h ordimirily a.ia* la^aibly 
oxi(Iis(‘(l or oth(U‘wis(‘ (b^comjiosiMl, — might 
become^, rnorc^ st-abh' if If is ixq^huaxl by D. 

Heavy isotopi's of otlun- iiupoila.ut 
(‘[(‘inents, such a>s ()'% N'*', a,nd ('' '* can also 
be ituul(‘ simihudy us(d‘ul. ’'Dius, tin* 
hydrolysis of a,myl a,(‘.<‘t.a,t.(‘ with wtif.er 
containing ^lUd (‘xa-minalion of tlH‘ 

OH of the r(‘S\dt,ing alcohol show<‘d Unit tie* 
oxygem in th(‘. ab^ohol do(‘s not. conn* from 
the water us(m 1 in t:h(‘ saiponitieart ion and tlie 
ac'tual n^action nnadiainisni is 
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It is likely that the grcMiU^st, st,iinulus of all 
wdll be given to tlie (‘Inunistry of living 
matter when such labelled (*.arl)()n, hytlrogmu 
oxygen and nitrogen atoms will Ix'conu* 
more generally available. 


M. A. O. 
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Industrial Outlook. 

The Industrial Manufacture of Absolute Alcohol — I. 


By Jean Caupin, 

F/nijlnrci^ The Mysore ^iigar Co,, TAd., Mandya, 

T T is w (‘II known t hat. alcohol eannot on a large scale owing to poor yields and 

he o!>tain(‘d by nnn't* distillation even from hiy:h cost of the drying agent. The most 
its v(‘rv strong a<|n(‘oiis solutilon although successful industrial methods are based 
tlu‘ most (dlicitmt, st ill-lu'ads arc^ employed, on the valuable observations of Sydney 
t.h(‘ r(‘ason for this being that alcohol an(l Young^ and his collaborators, the' data 
wat(‘r forni an arZ(‘()t ropic. mixture which obtained by whom are given in Table I. 
l)(‘hav(‘s Hkt‘ a piir(‘ li(juid and is more volatile Sydney Young discovered that when a 
than pun‘ al(*.ohoI.- Thc^ (‘onstant-boiling mixture of equal weights of benzene and 



Fig. 

mixt ure* ('ont alns about 1 .5 per cent, of water 
(d’ahU* I). TIu* usual laboratory methods of 
pr(‘])aring small (piantities of absolute alcohol 
by lr(*a,tment of dilute^ alcohol with solid 
drying agiuits like lime, calcium chloride, 
eaiciian carbide, calcium metal or potassium 
carbonate are uneconomic when practised 


1 . 

95 per cent, alcohol are distilled, a ternary 
azeotropic mixture containing alcohol, 
benzene and water is formed, this mixture 
being more volatile and also richer in water 

^ Distillation Principles and Processes, 1922, 
p. 179. 
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Table I. 


Boiling Points and Percentage Composition of 
Alcohol, BenzeTie and Water Mixtures, 
(A= Alcohol. B= Benzene. W= Water.) 


Liquid 

Boiling 

pt. 

1 Percentage Composition 

1 A. 

B. 

W. 

W 

100 




B 

80.2 




A 

78.3 




Mixtures : 





A-W . . 

78.15 

95.57 


4.43 

B-W . . 

69.25 


91 '.17 

8.83 

A-B 

68.24 

32.36 

67.64 


A-B-W. . 

64.86 

18.5 

74.1 

7’.4 


than the alcohol- water mixture. It is 
therefore possible to expel all the water from 
95 per cent, alcohol by adding to it a suitable 
quantity of benzene and ca/rrying out a 
fractional distillation. During the distilla- 
tioUy there is a tendency towards formation 
of three fractions, all the water and benzene 
and some alcohol going over in the first two 
fractions, while the third fraction or residue 
consists of anhydrous alcohol. The distillate 
separates into two layers, the upper layer 
forming roughly 85 per cent, of the total 
volume. The composition of the two layers 
is as given below in Table II. 


Table II.- 



1 Water 

! 

Benzene ; 

' 1 

I 

xVlcohol 

Upper Layer . . 

0 . 5 

S4.5 

15.0 

Low'er Layer . . 

32.0 

11.6 

56.4 


With the help of tlie above introduction 
it w'ill be easy to visualise the large-scale 
plant shown in Fig. 1, and its operation. 
Rectified alcohol is conveyed by the pipe 
(2) to the top of the distilling column A 
which is heated by a steam coil at the base. 
The binary azeotropic mixture which is 
formed fills the top of the column and flows 
back into it from the condenser. Benzene 
is now' introduced gradually (pipe 1) in order 
to form the ternary mixture until the 
temperature in the middle of the column 
falls by 2-3° in the process. The column 
being thus prepared for dehydration the 
rectified alcohol is now fed continuously into 


2 Guinot, Chime and Industrie, 1926, 15, 325. 


it. Part of the liquid condensed in cooler 
D is sent to the separator E where it separates 
into two layers having the composition shown 
in Table II. The upper layer which is rich 
in benzene is sent back to the main column A 
in order to form more of tlie ternary mixture, 
while the lower layer flow's into the subsidiary 
column B where the benzene in it is removed 
as the ternary mixture and transferred to 
column A. The dilute alcohol flowing from 
the base of column B is introduced into the 
rectifying column C, where it is resolved 
into 95.5 per cent, alcohol which is conveyed 
to the main column A. The water separated 
at the base of tlie column is thrown out of 
the system. In the main column- A itself, 
the dilute alcohol descends from plate to 
plate and parts with its water to benzene 
which carries it away to the top of the 
column. Anhydrous alcohol completely free 
from benzene accumulates in the base of the 
column and is drawn off by a syphon device. 

Some technical details regarding the 
process will not be out of place in this article, 
in view of the fact that the Mysore Sugar Co., 
Ltd., Mandya, are erecting a plant supplied 
by the French firm who have arrangements 
with the owmers of the patent rights, the 
‘'Usines de Melle”, for manufacture of the 
required plant. The said firm, viz,,, “Ateliers 
Pingris^and Mollet-Fontaine a Lille, France” 
have erected several plants in various parts of 
Europe including Germany. More than a 
hundred millions of gallons of absolute 
alcohol are being prepared every year by 
this process, one particular factory having a 
capacity of 40,000 gallons of absolute alcohol 
per day. 

Several modifications of the plant are 
available to operate it to produce (1) liquors 
like arrack and rum for human consumption, 
(2) rectified spirits, or (3) absolute alcohol. 

The question of the prodiK^hion of industrial 
alcohol for purposes of power-raising has 
received considerable attention in recent 
years owing to the enormous quantities of 
molasses available in sugar factories, which, 
unless utilised, threaten to paralyse the sugar 
industry. Considering the low' price of the 
molasses and the efficient processes available 
for manufacture of absolute alcohol, one can 
expect to see a Pow'er- Alcohol industry 
firmly established in India in the near future. 

The author will be pleased to furnish 
additional information on any points of 
obscurity either in the technical or industrial 
aspects presented in this paper. 
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Reviews. 


UnM NoiivMLLK ( 'ONOIOPTION \)K LA IjTJMIKRE. 
I>V Ijouis (l<‘ (llca'inann et cie, Pam.) 

P|). IS. 12 

Hiis inon()i»;rai})h di^als with a new theory 
of li.^ht. ])y M‘. (l(‘ I^r()j»:Ue. Presenting an 
oiit liiu' of t ii(^ t luMiry of th(‘ eorpascleof Dirac, 
lu‘ has (‘xa.uHiKMi the electro magnetic opera- 
tors, th(‘ [H>t.(ait.ia.] and the field attached 
U) it.. Plum h(^ has postulated that the 
photon (‘xists a.s a eorjiusele of Dirac obeying 
tlu‘ \Va.v(‘. hhpuit.ion. lie shows thereby 
that t lu‘ phot. on is inadi^ u|) of two elementary 

(‘or|)uscl(Ms wit h a, spin — for each and obeying 

|.h(‘ Pos<‘“Pinstein Statistics. A very 
intma^st ing f(‘atur(‘ of de Broglie’s hlemi- 
phot-oif is tha.t it s nsst mass is not rigorously 
z<‘ro (as in his old theory) but is of the 
onl(‘r 10“ ’ ‘ gins., he., 10“'* times smaller tlian 
tluil of th(^ <‘l(‘etron. 

N. S. N. 

sic * sH 

A'pomu^ Pnnou.Y and 'rmo Dicscription of 
Na'i'Dre: Pour Kssays, with an Introductory 
Surv(‘y. By Nuds Bolir. {(-amhridge Uni- 
V(‘rsity Pnxss, Itttl.) P[). 110. Price 6.s‘. 

ha.v(‘ in th(‘ book before' ns a collection 
of four (‘ssa.ys by Ni('ls Bohr with an intro- 
ductory survc'y which s(‘rv<'s to emphasise 
tlu' unity of thought running tlirough the 
s(‘V('ra.l ('ssays. Tlu'si' ('ssays appeared at 
dilh'n'ut. tinu's in difh'nmt. journals and 
(‘a-cli s(‘rv(‘(l t.o orii'ut. physical thought and 
h'uh it. t.o fn'sh comiucst.s. The present 
collc(‘tion thus helps us to liave a glimpse 
iiiio thi* foHM'S whicli resulted in the extra- 
ordiiuiry (h'vu'lopnu'ut.s of (),uantum and 
W ;u <‘ Mi'clninies. 

T1h‘ first- ('ssay is an I'laboration of a 
hu'tuiM' ilt'livt'n'd'in August 1925 before the 
Scaudina.viaiu Math(‘mali('al Congress at 
( 'openha.gH'u a.ud st-rt'ssi's tlu' TVIathcmatical 
uudhods us(‘d in t li<‘ (U'Vi'Iopnumt of Quantum 
Physics. 9hi(' st'cond is ('xpaiided from 
a. paper ri'ad Ix'fon' tlu' Vomo International 
Congn'ss of Physiidsts in 1927 and lays 
(‘inplnisis on tlu' iiuh't/i'rmiiiacy principle 
ami th(‘ compleinentarity of tlie wave and 
pa,rt.i(‘U' pic-t-uiM's. Tlu'- third was published 
in 1929 as a c'.ontribution to a pamphlet 
issu(‘<l to ('oninHuuorate tlu' jubilee of Planck s 
(hx'toi'ate and (unphasises the subjective 
('hara(*t(n* of our p(n’ceptions and inferences. 
The fourth art ich' is developed from a lecture 
delivered before the Scandinavian Meeting 
of Natural Scientists in 1929 and considers 


the relation between the concepts evolved 
from a study of inaniinate Nature and those 
necessary to understand the plienomena of 
life. In this last essay Bohr shows that the 
indeterminacy which crops up when extremely 
small-s<.‘.ale atomic phenomena are studied 
may he characteristic of the processes of 
life itself. Bohr has been at the head 
of the younger school of physicists who 
have decided that causality has to be 
sacriheed in order to have a rational descrip- 
tion of Nature and we see in these essays 
a masterly exposition of this viewpoint. 
The articles also give a survey of the develop- 
ment of modern quantum theory with, a 
keen analysis of the implications of these 
developments. The publishers deserve thanks 
for making these essays available to a 
larger public. 

T. B. S. 

^ 

Introduction to Mechanics and Heat. 
By Nathaniel H. Frank, sc.d. (McGraw- 
Hill Book Company, Inc.) Pp. xiv -f- 339. 
Price 18s. 

The book i.s an attempt to develop a 
unified treatment of Mechanics, Accoustics 
and Heat. A logical development starting 
with the dynamics of a particle, leading up to 
that of a rigid body and a system of particles 
occupies the first twelve chapters. The 
treatment is detailed, and includes a study 
of such topics as simple harmonic motion, 
the jjendnlum, gyroscopic motion, and gravi- 
tational motion, as also the principles 
of; statics. Vector concepts are freely 
used and elementary calculus emidoyed 
wherever needed. Chapter XIII on Hydrosta- 
tics includes a .short treatment of surface 
tension and Chapter XIV on Fluid Dynamics 
a similar short treatment of viscosity and flow 
through pipes. A concise treatment of 
elasticity in Chapter XV is followed by 
accoustics in Chapter XVJ under the suggestive 
title ‘'Dynamics of Elasticitv’k The rest of 
the book\ Chapters XVII-XXII are devoted 
to Heat, and deal witli heat conduction, the 
thermodynamics and kinetic theory of a gas, 
properties of real gases and the laws of 
thermodynamics. 

The whole subject-matter is dealt with 
purely on the theoretical side, and no attempt 
has been made to deal with or describe the 
experimental side. The treatment is lucid, 
and the book is eminently calculated to give a 
consistent and logical theoretical grounding 


388 


CURRENT SCIENCE 


[FKIiRU ARY 1935 


in tlie main principles of the sul)j(H‘.ts 
dealt with to a pass deoTce standard. A 
feature is the numher of examples workunl 
out and the large list of problems givcm at the 
end of most of the chapters. 

A. V. T. 

-i-' 

Tokstonal ViBKATiox, Elembxtauy Thf.oiiy 
ANB Design Calculations. By W. A. 
Tuplin, M.sc, (Chapman & Hall, Ijtd., 
London.) Pp. xviii + 320. Price 21s. 

This is a book of very great interest to tlu^ 
mechanical engineer who has to deal witli 
the design of shafts for the transmission of 
power, whether in automobiles, aeroplanes or 
ships, where power is either communicato^d 
to or absorbed from the shaft periodically 
and the transmitting system is capable of 
torsional vibrations . It is obvious that under 
these conditions dangerous oscillations invol- 
ving high stresses in the materials of the shaft 
may arise leading to breakdown. That a 
whole book should be devoted to what may 
appear at first sight a very narrow branch 
of Physics shows the degree of importance 
which such topics often assume to the 
technician. 

The subject-matter is dealt with in a very 
practical manner both on the theoretical 
side and in its applications. Chapters I, V 
and IX deal with the basic theory of torsional 
vibrations, solutions of numerical equations 
and the harmonic analysis of periodic torques 
respectively. The rest of the Chapters I-X 
take up the problems of free and forced 
vibrations of shafts loaded with single, double 
and multiple masses, in a progressive manner 
with a wealth of illustrations and num(nical 
calculations. Chapters XI -XIII deal with the 
critical speeds of such systems, their reso- 
nance under periodic fluctuations of torque, 
the resulting stresses and methods of 
damping such systems to avoid dangerous 
stresses being set up. The rest of the book 
deals with such special subjects as geared 
systems, heavy shafts, couplings and impul- 
sive torques. 

A bibliography containing 28 references, 
a two -page index and a table explaining the 
symbols used to designate the several physical 
quantities involved with the units adopted 
for measuring them, are noticeable features. 
The get-up of the book is verv good. 

A. Y. T. 

* ^ 

Theory of Alternating Current Wave 
Forms. By Philip Kemp. (Yolume I in 
' ‘ Monographs on Electrical Engineering ’ ’ 


Series pul)lisIi(Ml l)y 11. [\ Young.) (Ohapuian 
Hall, Limit, (‘<1, HKM.) Pp. ixh2LS. 
Prie.e Ib.v. net. 

Th(‘ advaiua^s in (‘leet,ri(*al (mgineering 
within nuumt y(‘ars have binm so rapid that, 
literature^ on nniny subj(H*.ts has lagged 
e.onsid<u*a.bly Ixdiind knowledgi^ on thesi* 
subjects Uiiul one has to wa(l(‘ t hrough a mass 
of inatt(‘r seat,t(‘n‘(l in t h(‘ teeliuieul litcTa- 
tiire t.o g(t, a compntumsi idi^a of these 
subjects. Th(U‘(‘fore the j)u])ru*ation of tin* 
''ISeries of MonogrUiphs on Eh‘ct,ri(‘al Engi- 
neering” of wldeli the present, book is tlu* 
first volume is v(uy mueh to be witeumed. 

The l)Ook b(‘gins with a coniprelumsive 
treatment, of tlu^ properties of e-oiupb^x wave- 
forms in which tlu^ir (dle.et. on imp(‘danee, 
resonance (‘.onditrions, powiu*, povv(‘r factor, 
form factor, etc., Imve Ix'en dc^arly (‘xplaiiUMl. 
This is followiMl by wav(^ and ripple (liters, 
polar diagrams, and jiowau' and emugy 
cyclograms. The very int(T(\st.ing subject 
of the effect, of iron has beem d(‘alt with in a 
separate^ chapter folio wmi by anotlu'r chap- 
ter on cy(*lieally varying lassistaiiua's, ariais 
and pulsating r(‘a(*ta.ne.(^ and (*ai)aeita.n(H‘. us 
sources of harmonies. irarmoni<*s in i>oly 
phase systems hav(^ bemi treataxl in a sejiarat o 
chapter, but in vi(‘W of its ('xtreuiu^ practical 
imX)orta-nc(‘ om^ would hav(‘ likcul t.b s(‘e an 
ampler treatment of this subject,. Tin* book 
ends with a. eliaipt,(M* on tln^ various nudhotls 
of harmonic, aiuilysis. No numt-ion has btaui 
made of transi(mts. In vi(‘W of its great 
miportama^, particailarly in t,ra.nsnnssion line 
work, the iiutuslon of a. <dia.pt(‘r on siirgo.-^ 
would have (‘onsidiuubly iner(‘as(al t.h(‘ valin* 
of this book. 

The book should be (‘([iially ustd’ul to the 
advanced student, and tlie (uigimuu' a, ml it 
eornpanion volunu' on " Alt.mma.t ing t'urreiit 
Wave Forms in Pra(*.t.ice ” by tlH‘ sann 
author, whieh is in iirepa.ration, will be 
looked forward t,o wit.li iuten^st, by t h(‘ readen' 
of tlie pn^sent. voIiiuhl 

K. N. M. 

Automatic PROTEcrrioN ov A.P. < ■nun', its. 
By G. W. ^tubbings. (('ha])nva.n A Hall, 
Ltd., London.) P]>. 293. Ihnce Ib.s. 

Becent ]U‘5^^Gtice in the distribution cii 
Electricity has been effected tlirough a, iu*t 
work of distribution system so that tiie 
least possible delay occurs in restoring servici^ 
during interruptions and also that almost 
all the consumers have the chances of alter- 
native supiily and interruptions are reduced 
to a minimum. Even in the high tension 
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transmission line, several stations are being 
tied togetlier to ensure continuity of supply. 
The above procedure has brought in a number 
of interesting problems with regard to the 
protection to be afforded for various distribu- 
tion centres as well as the generating stations 
thus inter-linked with the result that various 
kinds of protective relays have been develox)- 
ed and the distribution and station Engineer 
should have a thorough knowledge of these 
relays and their operation to correctly 
synchronise them so that they function 
accurately to the best advantage of the 
engineer, machinery and the consumer. The 
function of these relays is entirely dependent 
upon the instrument transformers which are 
the source of supply of energy to these relays 
and these transformers are of a special 
nature and should possess special character- 
istics to be of efficient service. 

In the above book which has been very 
lucidly written the author has made a 
sincere attempt to explain the essential 
points and tlie characteristics of these trans- 
formers to enable the reader to grasp cor- 
rectly their functions and thereby under- 
stand the functions of the relays connected 
therewith. Even though the book may 
not be titled as a treatise on all the types of 
relays developed recently, it certainly gives 
a fairly good idea of the various types and 
the duties that each apparatus and particu- 
larly the characteristics of each kind of 
relay have been brought out very well to 
enable any engineer to follow their functions 
and utilise them to his best advantage. The 
explanations have been narrative as well 
as Mathematical just enough to indicate 
their functions and are, I believe, within the 
understanding of an ordinary engineer. 

M.II. 

:|c :Ic 

Cltnicat. and Pathological Applica- 
tions OF Spectrum Analysis. With Notes 
on Spectrography in Chemistry and Minera- 
logy,, and Tables for Qualitative Analysis ; 
being the Authorised Translation of Part II 
of .Vie ChemiscJie E7r}issionss2)elctralanalyse, 
by Dr. Walther Gerlach and Dr. Werner 
Gerlach. Translated by Joyce Hilger 
Twyman. (145 pp. Eoyal 8vo., 52 Illustra- 
tions, bound in cloth boards. January 1935.) 
14.?. 6d.. nett. 15,?. post free. 

Messrs. Adam Hilger, Ltd., in pursuance 
of their dual role as producers of spectro- 
graphic apparatus and disseminators of 
s-pectro-analytical information, have added 
to the series of text-books that they publish, 


a translation of Part IT of Die GJiemisclie 
.EmissionsspeMralanalyse by Walther and 
Werner Gerlach. The authors form a com- 
bination especially suitable to the work 
covered by the book, the one an eminent 
jjhysicist who of late years has devoted in- 
tensive study to spectro- chemical analysis, 
the other a professor of pathological anatomy. 
Together they have applied to the difficult 
problems of pathology, the powerful means 
of attack provided by spectrography. Sucli 
diverse subjects are treated as the distribu- 
tion of metals in the body with particular 
reference to therapeutic uses of heavy 
metals : the deposit of metals on flesh or 
clothing by electric discharge (as in electro- 
cution) and the analysis of bullets, and the 
traces of metals left by bullets throughout 
the various portions of the patii of a bullet 
wound. The application of spectroscopy 
of special chemical problems is also discussed. 
Not the least valuable section of the book 
consists of tables in which are given not 
only the most sensitive spectrum lines for 
the determination of various metals, but 
also lines of other metals with which they 
might be confused in the analysis of given 
substances, and guidance as to the avoidance 
of such difficulties. The technicpie of spectro- 
cheniical analysis has extended into many 
branches of technology in the last fe^v years, 
and this account of its use in a compara- 
tively fresh field promises great help in 
some difficult problems of pathology, and 
clinical and forensic medicine. 

* lie 5|! 

An Introduction to Inorganic Chemistry. 
By Satya Prakash, d.sc., Lecturer in Chemis- 
try, University of Allahabad. (Kala Press, 
Ailahabad.) Pp. 478. Price Es. 6. 

This book is meant to cover the syllabus 
in ‘ Inorganic Chemistry ' for the B.Sc. 
degree of Indian Universities and to be read 
in conjunction with a text-book for the 
Intermediate classes. 

While one very much appreciates the 
references to the mineral resources and 
industries of this country, the elaborate 
and sometimes unimportant details of out- 
put of ores, cost, etc., seem to be superfluous 
in a text-book of this kind. 

The summaries in the form of comparative 
statements at the end of every chapter, 
indicating the methods of preparation of 
different compounds are a special feature. 

Manufacturing processes of a number of 
important compounds have not been dealt 
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with in any detail : tlie metliods of manu- 
facture of substances like Sodium carbonate. 
Sodium hydroxide, Ammonia, Sulphuric acid 
(contact process) have been disposed of in a 
few sentences. 

While the modern trend both in teaching 
and writing of text-books aims at co-ordinat- 
ing inorganic and theoretical chemistry, it is 
surprising to find the author deliberately 
excluding all physical chemistry. The 
physico-chemical principles involved in 
technical reactions, e,g., the synthesis of 
Ammonia, the manufacture of Nitric acid 
from air, have not been explained. The 
ionic theory, the law of mass action, and Le 
Chatelier’s principles as applied to inorganic 
reactions find no mention. One looks in 
vain for at least a passing reference to topics 
like corrosion, passivity, Werner’s view on 
co-ordination compounds and theories of 
catalysis which have always found a place 
in standard books on Inorganic Chemistry. 

The method of presentation of facts is not 
satisfactory. The printing and get-up of 
the volume leave much to be desired. Typo- 
graphical errors abound. Very few diagrams 
are given and these are poorly drawn. 

As one who has been teaching the B.Sc. 
classes for several years the reviewer feels 
that there is not much to commend in the 
book. 

M. Seshaiyengar. 


The Chemistry of Petroleum Deriva- 
tives. By Carleton Ellis. (The Chemical 
Catalogue Company, New York.) Price b 18. 

The author begins in the introduction by 
saying ‘YYorld production of petroleum is 
approaching a quarter of a billion tons 
annually but, with new deposits constantly 
being found — vindicative of the widespread 
distribution of oil tliroughout the land and 
under the sea— the apprehensions of a decade 
ago that the supply of this essential raw 
material would soon be exhausted no longer 
obtain.” Again some exponents of petro- 
leum technology have expressed the opinion 
that the large number of hydrocarbons 
present in the petroleum oil-wells in almost 
inexhaustible quantity should lead to in- 
dustries to yield new substances which 
should compare favourably in their variety 
and utility to civilisation with the numerous 
useful products obtained from coal tar. The 
realisation of this dream has been hindered, 
as the author says, from a significant differ- 
ence between the two groups of hydrocarbons. 


from coal t : and from crude petroleum, in 
that the chtxiiical individuals of the former 
are comparatively easily separable from 
one another ; whereas, the hydrocarbons 
present in petroleum oil are, in the main, 
indifferent to the usual conversion reagents, 
besides there is the possibility of an alix^hatic 
hydrocarbon of one definite composition 
existing in an extraordinarily large nnmher 
of isomeric forms rendering the task of in- 
dividual separation immensely difficult. It 
can be cited as an illustration that a hydro- 
carbon containing 20 carbon atoms can 
exist in as many as 3395984 isomeric forms 
including stereo -isomers. 

Although as the result of the/ impetus 
received from the researches of some veteran 
workers in this field, greatly improved 
refining procedures and efficient methods 
for the isolation of individuals have been 
discovered and progress towards 'quantity 
preparation’ of pure comyjounds rendered 
rapid, it has not been possible yet to make 
the chemistry of petroleum as useful, scienti- 
fically and industrially, as could be desired 
commensurate with the vastness of deposit. 
Happily, however, past few years have 
witnessed the accumulation of a vast amoimt 
of research materials on this subject and 
an enormous growth in the number of in- 
vestigators in this field. 

This present volume covers 1,285 pages 
and the subject-matter has been grouped 
in 50 different well-arranged chapters includ- 
ing most up-to-date informations about 
XJetroleum technology and an elaborate treat- 
ment of the chemistry and utility of the 
derivatives of xietroleum and a very useful 
author and subject index. Every effort 
has been made by the author to give refer- 
ences to most published material including 
the large amount of patent literature botli 
of scientific and industrial interest. The 
book besides furnishing the reader with a 
fund of information bearing both on the 
industrial and. the scientific aspect of the 
subject will, it is expected, greatly stimulate 
thought for further research , thus emmently 
fulfilling the high purpose of the author. 

Carleton Ellis, one of the greatest authori- 
ties on this subject and in whose laboratory 
work of far-reaching importance on x^etroleum 
has been in progress for some years, took 
up the task of collecting and collating the 
widely diffused literature on this problem 
including the results obtained in his own 
laboratory, and by presenting this volume 
has rendered yeoman service to scientific 
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workors in general and those in' crested in 
petroleiiin research in particnlar;‘‘ 

P. C. Guha. 

Jf: ;l: 

Report of tbe Fuel Research Board 
FOR THE YEx\R ending 31 ST MARCH 1931. 
(Pnhlished hy H. M. Stationery Office, 
November 1934.) Pp. vii4-17<S. Price 3s. net. 

Tbe above is a valuable docunient present- 
ing a detailed account of the jjrogress made 
by the Fuel Research Board in problems 
relating to the combustion of raw coal or 
its conversion into other forms of fuel. 

The first section of the report relates to 
a survey of the coal resources of the country. 
The information obtained by the survey has 
been very valuable and has enabled colliery 
authorities to make modifications of working 
which increase the efficiency of the pits or 
improve the quality of coal as marketed. 

The report then draws attention to the 
increased demand for small coal of which 
over 77 million tons are being annually 
cleaned by either washing or dry processes. 
Small coal has gained in popularity and is 
finding extensive use not only for domestic 
purposes but also in industries. 

Carbonisation of coal is now being investi- 
gated on works scale at the Fuel Research 
Station. Researches on the extraction of 
motor spirit and fuel oils from coal are also 
in active progress. The lighter fractions of 
tar togetlier with the spirit ‘scrubbed’ from 
gas produced by carbonisation provide an 
excellent motor spirit of which 40 million 
gallons are being produced annually in Great 
Britain. Qdie motor spirit has already been 
tried by the Royal Air Force with very 
satisfactory results. Large quantities of 
the fuel oil have also been taken up by the 
Royal FTavy. In addition to the above, 
the possibilities of obtaining mineral oil 
from tar is also being investigated, a process 
of hydrogenation at high pressure (upto 400 
atmos.) and temperature (upto 250° 0.) being 
tried. Some new problems have arisen in 
the direct hydrogenation of coal and a syste- 
matic study of the influence of inorganic 
constituents of coal on the rate of hydrogena- 
tion is in progress and is expected to yield 
useful results. Researches are also in 
progress to determine the efficiency of 
burning pulverised coal in boilers with small 
combustion spaces. Three new types of 
fuel burners have been devised. One of 
these, the ‘ Grid ’ burner is already being 
manufactur^ed by one commercial firm. 
Another pro-Tniuent line of enquiry is the 


manufacture of motor spirit from rubber. 
Under favourable conditions of temperature 
and pressure, rubber is readily amenable to 
hydrogenation and a yield of motor spirit 
corresponding to about 50 per cent, of the 
weight of the original rubber is obtained. 
Under other conditions a pale yellow viscous 
oil can also be obtained. If rubber can be 
obtained at a low price, it should be possible 
to manufacture motor spirit and lubricating 
oil out of it with comparative ease. 

The above report is an interesting instance 
to show how organised co-operative research 
on a large scale can yield highly fruitful 
results. India has also a supply of coal 
as also an area under rubber which could 
be greatly increased if more use could be 
found for that product- In view of the 
importance of liquid fuel in the industrial 
advancement of the country, it is hoped 
that the above report will engage the atten- 
tion of the Central Government and will 
eventually lead to the inauguration of an 
organised scheme of research that will yield 
useful results in the near future. 

* 

Lanolin Rust Preventers. Second 
Edition. By 0. Jakeman. Engineering Re- 
search Special Report No. 12. Pp. iv + 26. 
Department of Scientific and Industrial 
Research. (H. M. Stationery Office, London.) 
Price 6c2. net. 

The second edition of this interesting 
report is a valuable contribution to the prob- 
lem of the rust prevention of steel plant 
and machiuery during storage. The tests 
which extended over a period of five years 
have been carried out under a variety of 
exacting conditions, so that the encouraging 
results reported with the Lanolin composi- 
tions recommended, may be accepted with 
confidence. Benzene has been found to be the 
best solvent for lanolin and to deposit the 
best protective coating. Oil soluble dyes 
are recommended for incorporation with 
lanolin compositions so that one can easily 
spot the parts not coated. 

In spite of the excellent results obtained 
with lanohn and its superiority over other 
classes of reputed rust preventers, it is 
admitted that it does not provide a ' ‘univer- 
sal panacea” for corrosion. Occasional 
failures have occurred and no explanation 
can be offered in the present stage of in- 
vestigation. It is significant that such 
failures have been recorded with coatings 
on hardened steel and it may be worthwhile to 
investigate the protective capacity of lanolin 
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compositions in relation to the composition 
of steel nnder test. 

The report gives practical details of pre- 
paring lanolin compositions, preparation of 
surfaces for their application and describes 
methods of successful application to ensure^ 
uniformity of protective coating. This 
highly useful pamphlet will be gratefully 
wdcomed by those interested in the pro- 
tection of steel plant and machinery. 

M. S. 

Bvbuyday Botatn^y. By L. J. B. Briinblo, 
B.sc, (Lond. and Beading). (Macinillan &C()., 
Ltd.) .Pp. 589. Price 7.?. 6d. 

The book is intended primarily for the use 
of pupils studying for the School Oertilicate 
and Matriculation examinations and also 
as an introduction to the subject for students, 
who wish to take up later on Medicine, 
Pharmacy, Porestry, Horticulture and Agri- 
culture. 

There are 23 chapters covering practically 
all the aspects of Botany, namely, morpho- 
logy, histology, physiology, ecology, evolu- 
tion, heredity and classification of plants. 
The book is written in easy and readable 
style and profusely and well illustrated. 
Practical exercises are given at the end of 
each chapter, which greatly add to the value 
of the book. 

The author, in this book, has attempted 
to treat Botany by dealing with the applica- 
tions of plants in daily life, while at the same 
time giving a general account of the subject 


to meet tlu‘ n^cjuinmu^nts (d* lh(‘ (‘xamiuaLions. 
The struct.ure and runedions of the several 
parts of phiuts a.r(‘ with and ibli evm'v 

stage th(‘. practical a.ppli(‘ati<ms of llu^se in 
e.very-<lay lilV a>ia‘. r(d\‘i*r(‘d to tlu^ii aiUd then*. 
The/treatuu‘ni' of th<* book is logi(*al 

on the wh(d(*. But th<* a.uthor has taktav up 
too wid(‘. a (i<*ld by al-timipthig to give 
information r<*ga.r<ling the* idhilurimi sidi* of 
all asp(H*ds of pliinti life wit.h t.h(‘ result that 
he is foreed t :0 I)e v(*ry cursory ((‘vi(li‘nt ly 
owing (.0 lack of spaci*) in his tr(‘atiue4it o! 
practically every a,spe(*4. of th<* subject, bolti 
academical and utilitu,ria.n. As a. r(*sult, o’dy 
brief ref(*ren(H‘S ts> st-ruet>ur(‘s and fiuuditms 
of the several parts of plant, s a,r(‘ giv(‘u wit to 
out any a)tt:(anpt at ai d(*taiih‘d (‘Splanatnm 
of them. Tin* same dc*f(*e.t. is siua\ white the 
author was dea,ling wil,h tlie s(‘V(M‘al applica- 
tions also of phint lib''- dhu* pipiils will, 
therefore, g(d only a v(‘ry superlieial hUai td' 
all these asp(‘.(*-ts. W(* art* al’raitl tliat a 

pu])il trying to obi-ain a, knowh'dgt* of botany 
with. tlu*. aid of this book alour will not, gt‘t’ a 
pro])(*r grounding in ilu* sul>jeet. If he 
has a g(m(M‘al (d<*m(*nt-a,ry knowledg(‘ of the 
subject alr(*ady from cha.ss t,i*aetdng or from 
some other t(‘xt-l)ook, tiu‘n In* wilt hnd 
the book vt*ry us(*ful for su]p>ltunt‘utar> 
r(*ading. 

The book, ln)W(*V(*r, will bi* fouml ver\ 
useful to ttaichers, who will liml in it. plenty 
of sugg(‘Stions n‘.ga,rding Iht* a,pplied side^ 
of Botany, whi(*-h they ta)uld with })rotii 
incorporate in tln^ir cluiss t. teaching. 


Forthcoming Events. 


Electrical Engineering Society, Ban(Jaloue. 

{The Meetings will be held at the Indian Institute of (Science at p,m.) 


Alarch 6th. “Economical Design of Trans- 
formers.” By Mr. M. Y . Keshava Bao, 

B.SC. 


Marcli KUh. “ H(‘c.(‘ot U'noids in tasulaO*: 
Manufacduiva ” By Mr. N. V- iniglumafi. 
B.A., it.n.. Assoc. Anun*. i .I'l.io. 
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A Scheme of Broadcast Development 
for India. 

E LSEWHEEE in this issue of Current 
Science appears an article on the 
development of nation-wide radio broad- 
casting in India to serve as a most valuable 
tool for national reconstruction on the only 
possible basis of the renaissance and re- 
construction of the village and village life. 
An examination of the development and 
present status of broadcasting in such 
typical countries as France, Germany, Great 
Britain and Eussia in Europe, Canada and 
the United States in Northern America, 
and China and India in Asia, leads to the 
irresistible conclusion that the fundamental 
cause of the deplorable absence of any 
progress in India is the apathy and the lack 
of appreciation by the public and the 
governments in India of the value and 
potentialities of broadcasting as a matchless 
universal propagandist instrument for the 
promotion of the welfare and happiness of 
the community and for safeguarding its 
interests. 

The reasons usually put forward for the 
present pitiably backward condition are 
unconvincing and really not correct. It is 
said that the contributory factors are the 
size of India and its huge population, the 
pronounced racial, linguistic and religious 
divisions, the enormous disparity in cultural 
development between the various sections of 
the people and chronic poverty and mass 
illiteracy. But these are not peculiar to 
India alone ; each and every one of them 
has been and continues to be a *str iking 
characteristic of Eussia and Eussian life. 
Yet these undoubtedly serious difficulties 
and disadvantages did not prevent the 
builders of modern Eussia not only from 
putting Russia on the radio map of the 
world, hut achieving for it a position in the 
front rank in the radio world in the short 
space of some half a dozen years. Yor is 
it correct to say that the severe political 
unrest and the economic troubles of recent 
years have stood in the way of Indian radio 
development. Many other countries, nota- 
bly, Austria, Germany, Italy and Eussia 
have passed through or are still in the midst 
of acute political and social turmoil and 
severe economic distress. Yet they are 
noted for extensive broadcast development. 
Even Mexico and China are ahead of India 
• in this respect. Further, it is not clear if 
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the conduct of the broadcast service from 
the Bomba-y and Calcutta stations and their 
programme composition are based on any 
v^ell-defined policy with a clear understand- 
ing of the main objectives. There is none 
so poor in the world as India in the matter 
of broadcasting. 

But the budget allotment of 20 lakhs 
of rupees for broadcasting by the Govern- 
ment of India, their decision to put up a 
25 kw transmitter at Delhi and the highly 
commendable procedure of the Government 
of Madras in putting forward a V'orthwhile 
scheme for the whole presidency after 
detailed examination of the question by a 
competent radio engineer, appear to indicate 
that India has started on the road towards 
having a satisfactory system. The question 
arises if behind these there is a well-con- 
sidered comprehensive plan of develop- 
ment for the whole country in regard to 
(<x) organisation, finance and programme 
policy ; {b) number and powers of stations 
and their location ; (c) the interconnect- 
ing ^ wire network ; (d) receiver distri- 
bution ; (e) manufacture in India of tlie 

necessary apparatus ; (/) development and 
research in regard to all matters of technique, 
materials, apparatus and operation ; {g} the 
training and recruitment of the necessary 
personnel of all grades : (li) relations with 
the press, the state departments and foreign 
broadcast administrations ; {i) the important 
question of television and aUied matters. A 
laissez-faire policy will be thoroughly waste- 
ful in men, money and effort, besides causing 
confusion and inequitable and non-uniform 
development in the country. Any worth- 
while development plan has to be based on 
a thorough examination and critical study 
of the world situation in broadcasting in 
all its aspects. And tliat can be done 
only by sending out a competent and fully 
authorised commission of inquirv as advo- 
cated at the end of the article ’ Will the 
Government act on the suggestion ? 

Even a brief consideration of the question 
of broadcasting a ^latioii-wide basis shows 
that low powers and short wavelengths for 
transmitters are out of question. There is 
really no satisfactory alternative to high 
power and medium wave policy, if the 
whole area of the country should be brought 
under adequate and reliable broadcast cover- 
age as determined by daylight reception 
on an average type of receiver so as to be 
tree , from atmospheric disturbances at all 
parts of the year. Short wavelengths are 
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suitable for long distance reception during 
limited parts of the day and have enter- 
tainment value only with w(‘ll-d(\signed and 
rather expensive rcMuuving ii]>paratns. 
j The transmitting system as visnaliscul in 
the article is an esscmtially conservative 
estimate of requirements. It will ])r()bably 
be. found that the nunrber of stations in 
each category may havc^. to be doublcni ; 
the individual pow(>rs, pariicuhirly of the 
regional transmitters, may have to be in* 
creased by 50 per cent. A receivin' 
cent, of tlie population is an undin’-i^stimui 
but is a satisfactory objec-tivi'i to start wit 1 

Community ownership of reianvers au 
community listening were first starliMl : 
Russia; in coimtries of high d(nnIo[>mtv 
such as Great Britain, Germany and t 
United States, this practic(‘. is a fi'aitun^ i 
schools and clubs of all sorlis. There is 
suitable alternative to this in India, 
least for the present. 

In regard to the organisations of broad 
casting, the article is most em])hati<*. on [mr 
basic requirements : (u) to rid.ain the un- 

reserved and whole-hearted trust- and eoiia 
dence of the peopl(‘, tlui orga.nisa.l ion shou: : 
be completely above thx^, slighti'st trace . 
susx>icion of allcgianci*. to ])ari.y a.ud siMdion. 
interests of any type ; (h) thi^ organlsidiH 
shoxxld be an unqualilied naliona-I. monopul y 
financed exclusively by the liiuMiei* ftx^ at; 
public funds and (xisting soldy for tf 
education, enlight.enment. a.nd <uitx‘rta.inmu:' - 
of the community: privatx' <*onunt'i* 
should bo rigidly cxeliidiul fi'oni a-ny 
or control on policy or da.y-t o-da-y eondir 
of broadcasting ; (e) tlie orga-uisalioii sIkhi' 
be such as to ensuri^. uniform broa.(h'a ' 
facilities throughout thi^. laud a.nd (hi‘ niaiv 
tenaiice of the liighest standa-rds of (‘xiMdlefi? « 
ill apparatus, methods and ()|>era.tion ; ate: 
(d) each region should liave a.nd (‘Xia-dse !L 
utmost x>ossible. freedom in ah prograum. 
matters. 

Organisation as a governmeiit (ie,pa-rtrne!.! 
or as private commercial enti'rprisi^ is laCe 
impracticable and intol(n‘abl(‘.. A highiv 
centralised system such, as the I-Jritish Broa'i^ 
casting Corporation which has imuU^ iUvn: 
Britain so pre-eminent in broadi'.asting i- 
wholly unworkable. A non-x>roht making 
autonomous public utility organisation wit it 
complete centralisation of all technical Si*r> 
vices and as complete decentralis>ation in 
all programme matters and of the 
advocated in the article is the onkfy solution. 
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](. withoiil. sayin<»- tluit. iidvcrtisemont 

by rn<ii() should not (‘v(‘n oT. 

EvcM’y \vli(M‘<‘ and at all stai»'(‘s, t.}u‘ succcvss 
or railui'(‘ of a broadi'instiiii^' >sysi(nn d(‘ponds 
on lli(‘ und(‘rlyini»- lU'oi^'raninn' polic'.y a,nd 
daily [n*o^’i‘a.nini(‘ (annixjsil ion. 'rii(‘ only 
(*ril(‘rion is (‘nt(‘rta.inin(nit a,nd (Mlu(*.aiiva^ 
vaIiH‘ a,s d(d-(n*inin(‘<l by va.vicdy, bailain(*.(\ 
utility and \vid(‘ a.ppc^al tu) cwcvy sixduon ot 
t,li(3 (‘onnnuiiily in ri^^'au'd to ay<% S(‘X, 
pjd ion a.nd )ini»uisl io a,nd ra.(*ial yroujiin.a*. 
Monotony, stilTm^ss and Inaivy s(M*ionsn(‘ss 
kill broa.d(aist.int»’ out riuiit.. It. is futib' a,nd 
slundsi^iiti'd t.o d(‘siij:.'n a.nd put. up naan vers 
t uiual to t li<‘ loea.l stat ion, ddiad is tlu'- 
liiHsst way to (*r(‘a:t<‘ suspi(‘ion Uiiid n^pt^l tlu^ 
list.iaun*. Kond^^’u station list(‘nin.<»' siiould 
h<‘ (‘iH'onra.i^xal ; it. is of sonU‘ e<lucat.iv(‘ 
valiK^ oe(*aisionailIy t.o luar (‘omplet.ely un- 
int<dli.i>;'ibl(^. luusie a.nd ta.lk a.nd the, sounds of 
st.ra.ny(‘ voi(*(ss a.nd iustrunuaits tar away. 
And in any case, it. is far sounder to make 
tlH‘ da-ily ])royranune. so ri(di, varied, inter- 
(sstin^A* ami iustiructiv(" a,nd of sucli \u<^\i 
entcM't.Uiinnumt, value, that tlu‘. rura.l listener, 
of his own a,ceord, pr(d’(‘rs it t.o others, 

( d' vit a,! import.a,ne(‘. t.o broaideastin*;' and 
th(‘ ra-dio industry in India, ar(‘ t.h(‘ qiusstions 
of th<‘ nia.nuract ur(‘ of radio apparat.us, 
p‘sea.r('h a.rnl t.h(‘ t raining' of (UipiUKU's. It 


is impossible and intolerable to be dependent 
tor them on countries abroad. Distance, 
cost, natural ditfcrences in the conditions of 
working- are all a.o'ainst it. In these matters, 
private (mmmerce in India and the various 
cdinaitional institutions have a large and 
tiaiitful part to play on the basis of a care- 
fully eonsidcred (lellihtive formulation of a 
progressive and far-seeing broadcast develop- 
luent ])oliey. 

While, the article rightly insists that the 
l>roadeast.ing system has to be built up it 
luis not ventured upon any discussion on the 
first step to be taken. Such a discussion 
would liave probably been useful though 
rather ])remature. But wliatover its merits 
or ihmierits, it. is based upon a careful study 
of tlie liistory and present status of broad- 
c*,asting abroad and prolonged and earnest 
consideration of the possibilities and require- 
ments in regard to India and Indian con- 
ditions. The article will have more than 
amply served its purpose if it helps ^^to 
create a correct perspective of the vast 
problem and provoke reasoned discussion 
on what is inherently a national question” 
and “to offer some concrete basis for such 
discussion’ \ 

E. E. 


The Royal Institute of Science. 


W 'E ba,v(^ r('<*<dv<Ml a (x^py of tin'* second 
n‘port. of tlu^ Koyal Institute of 
Seitmcis Bombay, for tin* p(‘rio<I 
and \v<‘ ha.v<‘. gr(‘at pl(‘a-sur(‘ in congratulating 
lh<‘ Priucipai a.nd Probsssors of this Institu- 
tion on lludr nnnmut.t.ing (‘xautions in 
imphmumting its (hada.iaxl policy and in 
a.chi(‘viug gr<‘a.l. progr(‘ss in t.lu^ (a‘(‘at/ion of 
a.n a,t mosplH‘r(‘ of nssiui-rch in pra.(*tically all 
th(‘ {hqiart.immt.s of schnua^. 

'rin^ Instltnt.c which Ava.s foumhal with the, 
a.i<l of public* dona.t.i()ns aniount.ing to R-s. BO 
lakhs, comimnH'ml t.cmehing work in 11)20 
a-nd was anilia.t<‘d to tlu‘ Bom])ay Univevrsity 
for tlu‘. H.Sc,. d(‘gr<*(‘ (*ourK<‘s in MatluMuatics, 
rhysicH, (dnnnist.ry, Botany and Zoology in 
J02<>. In lOB.B the then Governor of Jtombay 
liandcHl ov(‘r tlu‘ (uist- wing of tlu^ Institute 
to t.h(‘ Univeu’sity to house th(‘ new Univer- 
sity 1 )(‘])artnH‘iit of Chmnieal Technology. 
Ali tlu‘ seiemtilie departments are well 
staiTed and arc^ fully (uiuipped for tlie routine 
temehing work as wcdl as adAuinced research 
work. The library, whi(*Ii is one of the 


best in. the Presidency, contains six thousand 
volumcis of ])oriodic,als and live thousand 
books, but tlie annual additions to the 
kmding and r(vference sections of the library, 
which at the presimt moment amount to 
lone Inmdrcd hooks and about eighty 
seienijiih*. journals, must naturally depend 
upon th(‘, grants available for the purpose. 
It seems to us that in view of the important 
position which the Institute occupies in the 
academic life of the I^residency and the 
high purpose wliich it is so worthily fulfilling, 
tlu", giH^at industrial magnates of Bombay 
will increasingly recognise the imperative 
need of i)l^i^<*ing the College above iinancial 
want ; and once they are convinced that 
research, and not necessity, is the parent of 
invention as well as of industrial iirosperity, 
their own enlightened self-interest will lead 
tliem to create ample cndoAvment fund so 
as to ensure an adequate annual income to 
the Institute for post-graduate scholarships 
and expenditure on research departments. 

A great industrial centre like Bombay 
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should legitimately be interested in the 
promotion of chemical research and it is 
gratifying to note that during the period 
under review, out of a total of 128 original 
papers published from the Institute, 64 
belong to the Department of Chemistry and 
out of a total of 96 approved theses submitted 
by researcli scholars, 52 have been produced 
by Chemistry students, and similarly there 
are 52 theses of research in progress in the 
chemical section of the Institute. The out- 
put of investigations from other departments 
is equally impressive. 

Tlie departments of Physical Science in 
the Institute are the most favoured by the 
students : there were 71 post-graduate 
students out of a total of 91 in these sections 
during 1933-34 and 51 out of a total of 
61 students in the same departments in the 
Senior B.Sc. class in the same period. In 
1932-33 the annual cost of educating 
each student in the Eoyal Institute of 
Science was Bs. 608 to which Government 
contributed Es. 181. In a coiiutry like 
India where the general public is slow to 
recognise the advantages of promoting 
scientific researches, the obligation of Pro- 
vincial Governments to provide sufficient 
funds for this purpose becomes greater, 
especially in view of the fact that almost 
all the scientific results when used in the 
technological and industrial concerns, are 
capable of being taxed. Governments and 


industrialists stand to gain immediately fron] 
scientific work and it should, therefore, 
receive the greatest encouragement at their 
hands. 

It may be pointed out that the staff cadre 
of the Institute is capable of improvement. 
The gap separating the Professor draAving 
Es. 1,200 and the immediate next member, 
an assistant lecturer on Es. 225 is unnatural 
and almost unbridgeable. There must be 
an assistant professor or associate professor 
in each department on appropriate salary, 
who could be entrusted with the responsi- 
bility of taking charge of tire department 
during the absence of the professor. 

The report suffers from one slight defect 
On page 23, we read that “sanction has 
been obtained for an Institute Badge, 
tablets for academic and athletic rolls of 
honours have been erected and an Institute 
Magazine has been started’'. We should 
have wished for a fuller information on the 
social, athletic and other extra-mural acti- 
vities of the Institute students than is pro- 
vided by this brief reference. 

The report is an interesting document and 
constitutes a notable record of ^ loxogress ni 
every department in the Institute Avhose 
increasing prosperity and scientific achieve- 
ments should be an honour to the Principal 
and Professors and pride to the benevoleut 
public and Government of Bombay. 


Nationwide Broadcast 

By K. Sreenivasan, n.sc., A.] 

A JSTY worthwhile broadcasting system \ 
seeking to serve the mass of the 
people is inherently a nationwide and 
national problem. It cannot be considered 
in the circumscribed sense of a local or 
even a xwovincial question. If there is 
any single problem in which a genuine 
national outlook is imperative and which 
demands well-considered nationwide plan- 
ning, it is radio broadcasting. In technical 
servtci'is, in administration and finance and 
in programme policy and programme deve- 
lopment, every consideration of national 
economy and social welfare insists upon 
the whole question being treated as a 
•national problem vith the three-fold objec- 
‘tive of the instilling of the idea of common 
Indian citizen Kship and the promotion of 
social solidarity, the promotion of xmbhc 
health and of economic prosperity and the 


Development in India. 

I.I.SC., A.M.I.E.E., Mem.r.R.E. 
spread of general cnltime and healthy enter- 
tainment. 

These have to be the aims with reference 
to the mass of the people living in villages. 
Eg organisation and no expense can he 
anything but Avaste of A^ealth and effort 
when they do not directly and consciously 
strive after the amelioration of the condi- 
tions of life of the rural population whicli 
forms the spiriDial and economic back- 
bone of the country. A nationwide broad- 
casting system is justified only ^ when it 
has for its starting point the villager as 
citizen, producer and consumer 5 ^ its_ funda- 
mental xjurpose is as the most effective and 
finest tool in national reconstruction in 
terms of the rural population living in 650 000 
villages. . „ 

With these objectives, the organisation ot 
broadcasting has to be on the basis of a 
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national monopoly deriving its moral support 
and material strengtli direct from the listener 
and always consciously striving to serve 
his best interests. Conceived thus as an 
instrument of public service of the highest 
character, private commerce and vested 
interests of any kind cannot have the 
slightest voice in the policy and daily con- 
duct of the service in any shape or form. 

EnOADCASTING ABROAD. 

Before attempting to visualise the magni- 
tude of the broadcasting problem in India, 
it is essential to survey briefly the status 
of broadcasting abroad. 

In Europe, the organisation of broadcast- 
ing is mostly in the form of a national 
monopoly in the sole interests of the com- 
munity and of the nation as a political unit. 
Great Britain offers the best example of a 
highly centralised type, appropriate to its 
small size and its homogeneous population. 
Till the advent of Chancellor Hitler, Germany 
had a federalised monopolist organisation 
consistent with its bigger area and its more 
varied population. In these countries, the 
periodical subscription from the receiver 
owner is the most important source of 
revenue. In Eussia, the organisation is 
under the dictatorial control of the people’s 
central commissariat at Moscow ; the State 
looks after the financing of broadcasting 
and its development from year to year. In 
the United States of America, on the other 
hand, broadcasting is in the hands of private 
enterprise which raises the necessary revenue 
by radio publicity of goods and services 
of private competitive commerce. The 
Eederal Communications Commission, a 
government body, endeavours to secure 
equitable development of broadcasting 
throughout the country and ensure recep- 
tion free from interference. In India, 
broadcasting started in 1927 as a private 
commercial monopoly with the licence fee 
and radio publicity- as the two sources of 
revenue. When, however, this arrangement 
collapsed, the State, took it over tod is now 
responsible for the conduct of the service from 
the Bombay and Calcutta stations. 

From Table I some Idea of the popularity 
of the service in the different countries can 
be obtained from an examination of the 
available broadcast facilities and of the 
number of receiving sets in each. In 
Germany, there are 26 medium Avave trans- 
mitters with a total antenna power of over 
800 kw. There are over 6 million receivers 
for a population of 63 millions. Great 


Britain, which is about half the size of 
Germany’^ or about one-twentieth of that of 
India in area, has 14 transmitting stations 
with a total antenna power of over 550 kw. 
The number of receivers for a population 
of 44 millions stands at the very high figure 
of over 6*7 millions. In the United States, 
the absence of any national organisation and 
an initial w^ell-considered development plan 
has burdened the country with about 600 
transmitters. There are over 18 million 
receiving sets in the country corresponding 
to 13*1 receivers per cent, of the population. 
Eecently the country provided itself with 
a 500 kw. transraitti'r at Cincinnati. 

Eussia hardly existed on the. map of 
Europe seven years ago. The difficulties 
in the path of radio development at that 
time were at least as great as those of India 
at present. The country is four times as 
large as India ; the popula,tion of .about 15 
crores consists of some 200 racial groupings 
speaking over 50 different languages and 
with a range of cultural developnlent from 
the most primitive to the most advanced. 
Political and economic revolution of a most 
drastic character had left the country com- 
pletely isolated from the rest of the world 
and the internal upheaval had not yet 
showm signs of subsidence. But under the 
dynamic urge of the gigantic plan of or- 
ganised and comprehensive national recon- 
struction, radio broadcasting as the most 
potent tool of natiomvide economic and 
cultural propaganda developed by leaps and 
bounds. At present, this vast and varied 
country has 75 transmitters with a total 
antenna power of 1 500 kw ; one of these 
is the biggest in Europe with 500 kw in the 
ajitenna. For a population of 147 millions, 
there are at present 3 million receivers. 
Plans for the extension of broadcast faci- 
lities during the next few years include the 
construction of a 1 000 kw transmitter and 
the increase in the number of receivers 
from 3 millions to 20 millions corresponding 
to 14 receivers for every hundred of the 
population. 

For the world as a whole, it is estimated 
that there are some 2000 transmitters with 
a total antenna power of roughly 10 000 kw, 
spread over the inhabited area of 143*7 
million square kilometres, and about 45 
million receivers for a population of some 
1 800 midions. This gives a world average 
of 2 *25 receivers per cent, of the population. 

With a most varied population of 351 
millions inhabiting 4*66 million square 
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kilometroR, lias a transmitter at Bora))aiy 5 

one at Calcutta, a Ksmall one at Madras and 
a small short wave transmitter at Calcutta, 
all employing obsolete apparatus. The total 
antenna power does not exceed 7 or 8 kw. 
The number of registered listeners does 
not exceed 12 000, corresponding to a re- 
ceiver for ev^ery 29 000 persons in the 
country. The service is burdened with a 
small army of radio pirates who enjoy illicit 
listening (Fig. 1). 

The programme service lasts for 18 hours 
a day in the United States, 18 hours in 
Germany, 13*25 hours in Great Britain and 
about 11 hours in Eussia ; Bombay trans- 
mits for about six hours a day and Calcutta 
an hour longer. Madras transmissions last 
about two hours in the evening. 

On the financial side, the investment on 
transmitting equipment in Europe in 1931 
Avas estimated at about 22 *5 crores of rupees 
Avhile that on receiving a^jparatus was ten 
times as great. The annual receiver main- 
tenance charges for the same year were 
estimated to be about 30*2 crores of rupees 
Avhile the licence fee realised from the 
listeners amounted to no less than 18*9 
crores of rupees. Electricity consumption 
for broadcast purposes four years ago 
stood at about 1 573 million kilowatt-hours. 

• In' the matter of programme service, 
OTery broadcast organisation in the pro- 
gressive countries of Europe and America 
strenuously endeavours to cater to aU 
worthwhile and ascertainable needs and 
requirements of every section of the com- 
mimity in respect of age, sex, cultural 
level, occupation and economic and social 
stratification. The permeation of the eftects 
of broadcasting are so real, deep and universal 
that it has become a powerM living social 
force affecting and reflecting the daily life 
and thoughts of the community. Broad- 
casting is at once the mouthpiece of the 
community and its most powerful and 
universal educative organisation. 

Considered from any standpoint of na- 
tional interest and social well-being, the 
service in India is hopelessly poor and 
inadequate. It may be doubted if it 
has had well-considered and well-defined 
objectives and policy. In these days of 
intense amd world-wide moral and intellectual 
upheaval, involving profound changes in 
the scale of values of ideas and institutions, 
broadcasting in India has not till now made 
the slightest contribution as a propagandist 
and, educational instrument. 
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Fig, 1. 


The period of apathy and standstill in 
matters of broadcast development in India 
appears to be coming to an end. A year 
ago, the Government of Madras took the 
lead in starting a preliminary examination 
pf the question of broadcasting for the 
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presidency ; indications go to show that the 
scheme submitted by them to the Central 
Government is of a character as will assure 
the presidency, if put into execution, of a 
thoroughly satisfactory and u])-to-date 
system. Of greater significance is that the 
Government of India is also active as shown 
by their decision to put up a 20 kw trans- 
mitter at Delhi and the budget allotment 
of 20 lakhs of rupees. It is not clear, how- 
ever, if this forms the first step of a well- 
planned, comprehensive nationwide broad- 
cast development policy. 

Problem of Nationwide Broadcasting. 

With some idea of tlie status of broad- 
casting abroad, we can now consider the 
problem of what constitutes nationwide 
broadcasting. On the theoretical side, wm 
have to consider (a) the number and indivi- 
dual powers of transmitters and their loca- 
tion to se(iure for the listener throughout 
the day and all the year round a satisfactory 
and. adequate signal in rekation to atmospheric 
disturbances ; (b) the necessary high grade 
tele])hone network to interlink the different 
stations for distribution ainl interchange of 
programmes : and (c) the number of receiving 
sets to ensure that any one desiring to listen 
to the radio programme of entertainment 
and instruction can do so. The organisa- 
tion slmiild be such as to assure uniformly 
efficient and economic technical services 
throughout the land and at the same time 
guarantee the utmost flexibility and freedom 
to every region in programme -building with- 
in the broad confines of a well-considered 
and well-understood national policy. 

There is the proposal for the installation 
of small power stations with service areas 
of 2e5 or 50 kilometres radius, so that each 
locality or district can have its own pro- 
gramme and in its own language. In 
support of this proposal, a representative of 
a radio firm of Great Britain lias been 
touring the country visiting various govern- 
mental authorities. Within the last few 
wrecks, schemes on this basis have been 
inaugurated in the North -W'estern Frontier 
Province and the United Provinces. Satis- 
factory as it may be in the ca.se of isolated 
small areas, the proposal is thoroughly 
unsound, impracticable and unworkable on 
a nationwide basis. It wdll involve hundreds 
of stations, all to be accommodated within 
a strictly limited band of frequencies. Even 
with unusual and expensive precautions, 
regions of interference will be inevitable ; 
it is certain that except in tlie neighbour- 


hood of transmitters, atmospheric disturb- 
ances will ruin reception. Difficulties con- 
nected with the availability of suitable 
microphone talent in each locality and of 
programme expenditure for such a large 
number of transmitters cannot be exagge- 
rated. Recorded entertainment and volun- 
tary mu*ro]mone talent can never be sustained 
in quality and adeqnabe in 'volume to prevent 
boredom, monotony and heaviness. 

More important than any of these is that 
such a scheme is a standing invitation for 
the perpetuation and aggravation of the 
baneful spirit of provincialism and of tlie 
numerous sectional interests which tend to 
disrupt the. community into mutually anta- 
gonistic fragments. Everything should be 
designed with the deliberate aim of promoting 
social harmony and solidarity in common 
citizenship. 

On the other hand, there are those who 
suggest the erection of a small number, say 
a dozen, of super power stations located 
suitably. It will be urged that besides 
being very economical and efficient in money 
and effort, such a scheme will assist powaer- 
fully the promotion of social harmony. 

¥/hile there are no difficulties in putting 
11 ]) very high powder stations, such a scheme 
will involve large wipe-out areas round the 
transmitters, rapid reduction in intensity^ 
with distance, etc. Further, it will be im- 
jiossible to serve the wortliv/hile and legiti- 
mate needs and recpiirements of the varied 
population and to preserve and enrich the 
varied culture of th.e country. 

From every point of view^, the most satis- 
factory arrangement ap])ears to be to develop 
broadcasting on the basis of tl.e main 
linguistic divisions of the country. This 
will give the fullest possible sco]r)o for cement- 
ing the people together and at the same time 
assure the preservation and growth of the 
culture and traditions characteristic of each 
region. 

Taking the ratio of the total antenna 
])ower in the different countries to the 
corresponding area of each, one w^att per 
square kilometre for India, appears to be 
reasonable and satisfactory to start wfith, 
in view of the nature of the country and the 
prevalence of atmospheric disturbances. This 
gives 4 660 kw of antenna power for the 
w^hole of India, The corresponding figures 
for Denmark, Germany and Great Britain 
are 1-65, 1*73 and 2*28 watts per square 
kilometre ; and every year sees an increase 
in them. 
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Bearing,' in mind that tlio most i nportant 
criterion in the location of each station is 
the availability/ of suitable microphone 
talent in each linguistic area, between 60 
and 65 regional stations will probably be 
adequate to serve all legitimate interests 
and requirements. On this basis, Hindi 
and allied languages in the north will have 
.16 stations ; Bengali will have 6, Telugn 5 
and so on. 

In addition to the 05 stations catering 
to the regional requirements, hve national 
transmitters located, say, at Lahore, Patna, 
hTagpnr, Bangalore and Bangoon, will put 
on the air programme matter of national 
interest. Broad questions relating to inter- 
national trade, foreign affairs, national defence 
and economy will come rvithin the purview of 
these transmitters. 

For purposes of long distance international 


broadcasting, live short-wave transmitters 
located, for example, at Delhi, Oaleutta, 
Bombay, Karachi and Eangooii, wull complete 
the picture. The country will thus have 
between 70 and 75 stations. 

In tlie matter of power allocation, each of. 
the hve national transmitters vhll have 250 kw 
in the antenna and eaclj. short-wave trans- 
mitter 50 kw. The r(^gional transirdtters 
can be divided into two categories ; 45 
transmitters each with an antenna power 
of 25 kw and 20 transmitters each with 75 kw. 
To take care of inadequately covered areas 
there wdll have to be a number of relay 
stations, the power of none of which will 
exceed 0-5 to 1-0 kw (Pig. 2). 

Tei.ephone Lines. 

An adequate system of interconnecting 
high grade telephone line network for distri- 
bution and interchange of programmes and 



Fig. 2, 
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for national liook-up whenever necessary 
is indispensable. Europe and America possess 
extensive networks of this character. They 
are absolutely essential in our tropical climate 
•with its generous supply of atmospheric 
disturbances for at least eight months in the 
year. 

The telephone network suggested here 
can be divided into {a) the Indus system 
from Lahore to Karachi (1 300 km) ; (h) the 
Western India system from Lahore to 
Bangalore through Baroda and Bombay 
(2 800 km) ; (c) the Mid-India system from 
Lahore to Travancore through Agra and 
Kagpur (3 000 km) ; (rJ) the Gangetic system 
from Lahore to Calcutta through Delhi and 
Allahabad (2 000 km) ; (e) the East Coast 
system from Calcutta to Madras (1 800 km) ; 
if) the Bombay-Calcutta system (1 700 km) 
and {g) the Central Burma system (2 000 km). 
The figures inside the brackets are approxi- 
mate route distances and total 14 600 km. 
With two pairs of wires for programme 
transmission and a similar number for control 
purposes, the total length of wire pairs in the 
network will be of the order of 60 000 km. 
For such a small country as Great Britain, the 
total wire system used for broadcasting is 
in excess of 6 000 km. 

The above represents in broad outline the 
picture ot the transmitting system. 

Eeceiveb Distrieution. 

In regard to the distribution of receivers 
private family ownership is out of question, 
at least for the present, with a 'per capita 
income of about Rs. 100, There is no suita- 
able or satisfactory alternative to community 
ownership of receivers and community listen- 
ing. The provision of a receiver x>er cent, 
of the population giving a total of 3 *5 millions 
for the whole country is a very satisfactory 
immediate objective. This number for this 
huge country is very modest. Even now, 
for every hundred of the population, Denmark 
has 16 receivers. Great Britain 15 -24 and 
Germany 9-75. 

Capital Outlay. 

The essential^ conservative broadcast 
development plan as visualised above will 
involve an immense amount of money and 
effort. No pretence to any great accuracy 
is possible and the estimated figures of cost 
given here do not claim to be any more than 
very roughly representative. 

Transmitting equipment investment 
includes the costs of the transmitter, the 
antenna, land and buildings, studio and 
office equipment, etc. The total figure 


naturally increases with the antenna power 
of the station. 


Category of 
transmitter 

Antenna 

power 

in 

kilowatts 

No, of 
>^taLions 

Cost in 
croi'os 
of 

rupees 

Medium power re- 
gional 

1 

25 

45 

2*7 

High powder regional 

75 

20 , 

3-0 

National 

250 

5 1 

1-5 

Short wave 

1 

50 


0*3 

Total . . 


' 

7-5 


The cost of a receiver is dependent on a 
variety of conditions ; a simple crystal set 
with a pair of phones need not cost more than 
Rs. 15 or 20 exclusive of antenna and earth 
arrangements ; at the other end there is the 
all-mains, all-wave multi-tube modern 
receiver housed in . an excellent looking 
cabinet which might cost anywhere between 
a few hundred to a couple of thousand rupees 
to the ordinary buyer, xi community -owned 
receiver has to be a robust and weather, 
insect, mischief and fool-proof apparatus, 
simple to operate and capable of accommodat- 
ing an audience of, say, 200 persons sitting 
under a tree or in the village meeting place. 
The average cost of such a receiver, inclusive 
of loudspeaker, antenna and power supply is 
not likely to be under Rs. 300 even with 
efficient mass production conditions and 
direct distribution with the barest minimum 
of intermediary agencies. On this basis, 
investment on receivers will be to the tune 
of 105 crores of rupees. The total capital 
outlay on receiving and transmitting equip- 
ment, exclusive of the telephone ?ietivor]c, will 
be about 113 crores of rupees. 

Annual Charged. . 

In the first place, we have the maintenance 
and operation charges inclusive of obsoles- 
cence, depreciation, salary and power bill, 
etc. An x^mcrican estimate of 1930 gave for 
the average for the world the figure of 
Rs. 45 per year per installed watt of antenna 
power. On the assumption of Rs. 20 under 
Indian conditions the running expenditure for 
4 000 kw will be 8 crores of rupees a year. 

Receiver maintenance charges i)er year 
vary with the type and size of the apparatus 
and on the average amount roughly to 
about 25 to 30 per cent, of the initial cost. 
There is not much to go wrong with the 
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modem all-mains lunlti-tube nor 

at the other extreme th(‘ simple erystjv! s(‘t. 
It is the battery-operated set that- is tiu^ 
most ex[)ensive ami troiiblesonu^ to iiuiin- 
tain, particularly in India. On tlu‘. ])asis of 
Es. 75 per receiver per year, tlie annual bill 
will amount to a little over a minimum oi 
26 crores. 

But ill any progressive broadcaist scnwiei^ 
worth the name, payments to artists and 
other direct expenditure on programmes 
slionld form the major part of t]u‘ annual 
budget. Voluntary micro])]ione talent, ])(‘ 
it never so patriotic or willing, can never 
be adequate in volume, sustained in quaiiiy 
and varied in composition to be rodied u])on 
for any but the briefest part of the da.ily 
programme time. By its very nature, iiro- 
grainme expenditure is difficult to estimate, 
varying as it does witli the nature and dura- 
tion of the programme, local conditions and 
above all, the artist. A minimum figure of 
Es. 100 per hour per station will per]ia])S 
help to obtain a rough -idea of the expendi- 
ture on programmes. Assuming an opera- 
tion time of 4 000 hours per station per year, 
programme expenditure will amount to about 
3 erores of rupees. Any worthwhile ]>ro- 
gramme service will cost much more ; it 
will ceitainly not be less. Thus the total 
annual broadcasting bill for the wliole 
nation will be in excess of 37 crores of rupees, 
excluding the annual maintenance and operation 
charges on the telephone netioorh. This figure 
should be compared witli the annual military 
expenditure of 45 crores and a total expendi- 
ture on education of somewhat under 25 
crores. 

A nationwide broadcasting service lias to 
be built up ; it cannot be brought into exist- 
ence by wishing for it. Up to date, accurate 
and comprehensive knowledge and under- 
standing of the status of broadcasting abroad 
is essential ; equally important is it to 
evolve a well chalked out development 
programme after careful consideration of all 
circumstances in order to ensure success 
from the beginning- 

Organisation. 

A word may not be out of place in regard 
to the nature of the organisation. If broad- 
casting is to be nationwide in scope and 
national in character as in other countries, 
there appears to be no alternative to its 
organisation as a non-political, non-secta- 
rian, ^ national authority of the autonomous 
public utility type completely free from the 
slightest suspicion of any trace of control 1 


[Makch 


or in a.ny shnpr or form of privati^ 

c()mnuu'(‘(‘. Secondly, in (he fii:i((er<d’ {jhi- 
<i‘ramni<‘ ('(unposil i(»n and (‘\ pendit ni'e, tie* 
orgainisa.l ion shouhl (nisure (he daily e\<*r<*i<e 
t)l‘ (1)(‘ iilnunsl possiide hM'ed<nn in (‘ueli 
r(‘gion in ord<‘r to b(‘ r(‘,spon^i\e (n all worth 
while and a.scindainable iHMjuirenieid s and 
i.a„s(.(*s oT iho dilTennit regions of the eoiintrv. 

I>iif t}H‘ <mgine(‘ring and s<d(‘nl ilie se!'\ ices. 

c(jnipni(‘nl' and p<‘rsonnel, in regai-d to v\rv\ 
asptud- of inaiint<‘nane<\ op<‘ra{ion, reM'ar'h, 
(l(‘V(dopm<‘nl :Mid jiansion shonlti at all 1 im«*s 
b(‘ und<‘r tin* nndispn((‘d and nndi varied eonl roi 
of a. (andral all- India- body, to s<Maire t’nnu 
the v(ny ontsid- l!u‘ inauguration and e\eeu 
tion of a, wadl-eonsid'n'ed and orderecl i{e\e 
lopnuMit progra.mni(‘ and lo assina* the 
maiuteinuuH^ ol’ th<‘ hight'sl slandaids of 
ex(*.e]leiic(^ and (druntany niuforinI> {hroiiyd* 
out tlu^ la-nd. 

Ther(‘. will j.lunad’oia* ha.v<‘ f-o be a (’entral 
Broadcasting f -ouncil (l^dg. :1) \vhos(‘ main 
functions will b(‘ tln^ following : (a) undivitb 

c(l control of ail <nigim‘<‘ring s(‘r\ii'e>. 
development, aiixl r(^^<‘a.r<•h thianiglnMit the 
land; (h) hiying down broad lines td' pro 
gramnu^ poli(*y in ('onsnltat ion with n*‘.ntntal 
broadcast adininistra.l-ions and na{i<nial ad 
visory couiua'Is : (c) coll<*<*|,ion of Iir<*nM‘ 

reveniu^ tiirough t,h(‘ ludwork (d p(rst (dliee> 
and tlndr distribution; and (d) n^y.idation 
of relations with foi^'ign broadcast admini- 
trations and tli(‘ d(q)arl men I s of state. 
And in a, 11 nuiti-in's of p(dicy ;md ‘omia’al 
adniinisi.ration, j,lH' Ihnd ral Ilroaibsist inc 
Ck)nncil will b<‘ i*(‘sponsi)>h‘ (brom'h the 
Minist(n* of (h>mmmnea,l ions In (he eeiitral, 
tha-t is, t)he all- India, h‘gisla.tnre. 

The n^gioua,! or Proviinda.l Id'oaileast inc 
(k)Tnnussion (Kig. I) slmuld }h‘ left ('oin 
j)l<‘t(dy r!‘(M‘ (o d(A'()i-(‘ a, II its (niergi'‘S to 
r(‘giona.l ]U'<>gra,nun(‘ const rueti(m and it^ 
(inancing, in order lo providi^ for t he lislt'ner4 
within it,s r(‘gi()n t,li(‘ Ixsst, possilale and \'aried 
daily pr<)gTa,niim(‘ of (nd (‘rl aiimnnil and in 
slruction. ''tlK'. ProvimnhiM 'ommissiou will be 
assisted })y a nnm.b('r of consult a.t iv<‘ commit 
tc(\s to a(lvis(‘on poli(*y, and nd /ox* pr*ogramme 
C()inmitt.(‘es 1,0 assist, i n the com posit ion of the 
daily progra,mnun Ami in r<\gai’d (<> pro 
gramme policy, ])rogra,mm(‘ a, nd a, Hied expm 
diture and otlnn* simila,r (jn<‘st ions within if*^ 
purview, tlu^ Ib'ovimda.l (h)mmission will he 
resj)onsible through t,lu‘ provincial minis! (a*- 
in-charge to tin’s l()(*a,l h'gislat.nnn 'Tin* main 
regional vernaculars will Ix' ilu' prin<*ifKd 
languages of broiwlca, sting. Iliinli as 1 lie 
principal language of India and Faigli.sh for 
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The Central Broadcasting Council . 


Fig. 3. 



Fig. 4. 


international eommnnication will be the 
other tMo languages for each station. Only 
in this way can broadcasting in India earn 
and retain the trust, confidence and affection 
of the population and develop increasingly 
as probably the most beneficent and uni- 
versal tool for tlie service of the community. 


The Financing of Broadcasting. 

If broadcasting should be truly national 
in character and if it should be" a matter 
of personal concern to every individual 
citizen, it is of the most vital importance 
that it should be financed entirely by the 
annual licence fee of the listener and by 
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direct state subsidy. That will be the most 
direct and ta-ngible form of the listener’s 
material and moral support and approval 
of the broadcasting activities throughout the 
country . 

The" Central Broadcasting Council will 
collect the licence fee in convenient instal- 
ments through the network of post offices ; 
the postal department will retain a-bout 2 
per cent, of the collections for the expenses 
of collection. Of the rest, the Central 
Broadcasting Council will take 10 to 20 
per cent, for its own expenses and hand 
over the remainder to the corresponding 
Provincial Broadcasting Commission which 
will thus get an amount of money T)ropor- 


aiinujil subsidy Iroiu the lorui 
the mag’uitiub' of which \sih Soiuii u diriM't 
measure of the appi\Mdal i<ui unti ufipreva! 
of it.s pi*ogra.uiuu' si‘rviei\ 'riu're w.U als(* 
be SOUK' aduoiiul (l(‘ri\(Ml }>y the .^ab* 
jmblie.ations. Ou t.Iu‘ si(h‘ of | >eutiit ur<\ 
then^ ari‘. (a) dinad. progranune rxptue^rs, 

such as paiyiueuls t-o airlists, the. ; (hi pa> 
menii to Hu*! (huitral 1 >roa.(U*as( iug' ^ ouurii tor 
the. maint.enau('(‘ a.iul o{)i*raliou oi transmit- 
ting and ailli(al (ajuipuuuii- on an aurtu'ri 
rat;(^ per hour of operabiug time; and 
gene i‘al aid m i u i s (u’a I ■ i ( > u < * 1 u M*g< ss . 

This imdihod of llua.ueing will an a:- a 
powerrul iu(U‘.nl.iv(‘. for (sudi rt^gional adminis- 
tration to improvanamstaitd ly its i rogramm** 


I Broadcast Finance 

I 



Fig. S. 


tional to the number of listeners it has 
built up in its area. 

A second source ot income for the central 
council will be from customs duties on 
imported radio goods to be handed over to 
it by the central government. And there 
is finally the annual subsidy by the govern- 
ment. In these three main ways, the Central 
Broadcasting Council will derive its revenues 
to meet its expenditure on general adminis- 
tration and on technical services of all- 
India character including development and 
research. 

In addition to the proportion of the licence 
fee collected in its area, the Provincial 
Broadcasting Commission will obtain an 


service to th(‘ (‘.ummimif.y . Ib’ogrunmu' 
expend it 11 r(‘. will a,(*(*()U!di r<»r Mu‘ nmjtn* pari 
of the provincial commission's im'onu* fvinii 
all sources. 

PRoau'VMMK. Policy and Comimjsi i idn. * 

It eanuot be. too strongly (miphasis(*<i that 
the success and lyoiiuhirity of any broadiaist 
ing scheme depmuls upon the’ programim* 
policy and tlu^ charaidia* aiiul <la.ily coiopasi 
tion of programine. H* t(‘chui(*ai <d1icicmcy 
in apparatus and optvration foi’nuMi llu‘ {diict 
criterion for judgment, broa,dca.stjng would 
be an nnq^ualilied su(*c(‘.ss wh<u‘(‘V(‘r m<>iu*y 
and competent engimMuung ta-Umti oro avail- 
able. If for any reason wlmte\(‘r, tlu^ (hiily 
programme features cannot attnud. and 
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steadily retain the interest and appreciation 
of the mass of the listeners, the service is 
best shnt down in time ; for the continuation 
of a poor service will only earn apathy and 
disgust and prove a set-back to broadcast 
development under propitious circumstances. 

Organised as a public utility and financed 
partly by public funds, there will inevitably 
be a tendency on the part of the service 
to emphasise and subserve unduly the ideas 
and views of official authority. If broadcast- 
ing should develop into a vital living force 
for good in the daib,^ life of the community, 
official pressure and interference should be 
conspicuous by its non-eiristence except in 
declared cases of national emergency or of 
open violation of national policy to the 
detriment of the welfare of the community.. 
Within the broad confines. of a well-thought- 
out and well-defined general programme 
policy for the whole country, each provincial 
organisation should explicitly enjoy and 
exercise the utmost freedom in making up 
its programme with a single eye to social 
well-being and the interest, convenience and 
necessity of the listening public. On all 
matters relating to the political, civic and 
economic duties and privileges of the citizen, 
public liealth and sanitation, educational and 
industrial development, well-planned and 
insistent propaganda by the ether should 
form one of the cardinal features of 
programme policy and composition. 

Current toriies and subjects of controversy 
are inlierently inter(\stmg to the listener. 
Balanced presentation before the microphone 
by competent persons of current topics and 
controversial subjects of every type helps 
to provolce broader and more reasoned 
and less lop-sided thought and discussion ; 
and that is an unmixed blessing all round. 
In tlie category of subjects of controversy 
for treatment before the microphone should 
be included arts, sciences, politics, social 
economy, war and peace, in.te7?national affairs 
and indeed every subject on which division 
of opinion can exist, witli tlie sole exception 
of religion ; in human affairs from tlie dawn 
of intelligence, there is no subject which 
has caused more unreason, unnatural division 
and strife and threatened to destroy the 
very springs of elementary commonsense, 
good-will and neighhourliness. Eeligion is 
best ig’nored in broadcasting. 

Fig. G shows a suggested division of 
programme time and is based on an examina- 
tion of practice in a number of countries. 



Miscellaneous 

Drama 

Wo metis affairs 


Chilclrerfs programme 


Talks 


Miscellaneous music 
Western music 

Gramophone records 
Ll^ht Indian music 


Serious Indian music 


DlSTHia UTION OF PR O GRAMME TI ME 

CTi "TT i ' ii ■ I ■■ I ' l ' *! "i i 'raMM' i r i •=•■■■■■■ n i ' 

Fig. 6. . 

Space does not permit even the briefest 
mention of a whole category of important 
questions relating to broadcasting, such as 
technical and engineering aspects of nation- 
wide broadcasting, f resiliency allocation, tele- 
vision, relations of broadcasting with educa- 
tion, industry and trade, the press, the 
theatre, tlie arts and so on. 

Manufacture and Eesearch. 

It is clearly impracticable to import all 
tlie necessary transmitting, receiving, wire 
and a whole category of allied apparatus. 
To do so would be extravagant and wasteful 
in every way, in money, experience in 
technical, manufacturing and other matters, 
outlet for educated youths, etc. Manu- 
facture of apparatus should be encouraged ; 
research centres at suitable places under the 
Central Engineering Council of the central 
organisation should be established for investi- 
gations of problems of broadcasting and 
radio communication ; well-planned courses 
of study in electrical communication and 
broadcasting on the absolutely indispensable 



406 


CUmENT SCIENCE 




basis of a soiuid foundation in (de(d'.rical jukI 
mochanical engincMuiiig slioiild bo iiiau^’ii- 
rated. 

The hrst and the only satisfactory starting' 
point is for the Central Governnuuit to 
send out under its authority an inciuiry 
commission consistii\i>‘ of a busimsssinan, an 
educationist of knowledge and ex])eri(uicn, 
a lawyer-statesman and a radio enginem* and, 
if necessary, one or two ,mor(‘ memlxws. 
They should travel extensively, visit stations, 
studios, radio and allied research laboi*atories, 
factories and engineering educational institu- 
tions ; they should discuss the various aspects 
of the problem with engineers, educationists, 
broadcast administration authorities, politi- 
cians, etc. The State should take: action 


on the nM'oinnKMidatioiis of <m*li a (*(.1111018 
sion l)a.S(‘d on its ()hs<‘r\ :i t i<ni and hWvumw 
study of \vhoh‘ status of hnr.i(h*a u iu«r 

abroad. . 

It, is hopial Mint tin* al)oN(‘ ni help h. 
i*reai(‘ a- (‘onaad p(‘rsp(‘et i\ c ol t in* \a.'l 
probh‘111 and pro\ok(‘ n‘asou(‘(i tli-rusdoii 
on what is inlnnvntly a national (lln^^lioa. 
No nior<‘ <‘xtravagant etaiiu is n.aitf (liaii 
that' it will oHVr sonn‘ (*onorot<‘ ba.ns b.r .un !i 
dis('nssion. It is realistal tliat it Inn lie* 
limitations of a'li ai'tieh* in a {MTUHltca!, 
it is impossible to go b(‘yond nKU’olN so»*ai(*h^ 
inu the snrfaei^ of this vast pi’ol.ban. 

'It is with plt‘a.s»ir(‘ that I (‘\pro-> mv 
warm t, hanks to Mr. T. It. IJainaehandra l\i'r 
for his V(‘ry kind a-ssist aiua' so williuelv ei\ di. 


Asiatic Society of Bengal — Annual Meeting, 1935. 


T he Annual Meeting of the Society was ! 

held on the 4tli February with Dr. L. L. 
Fermor, o.b.e., d.sc., f.h.s., President of the 
Society, in the Chair. 

In the course of his Presidential Address 
Dr. Fermor dealt with the development of 
scientific research in India. “Starting with 
the comprehensive treatment of such research 
provided for l)y the foundation of the Asiatic 
Society of Bengal in 1784, the subsequent 
story has been, until recently, one of increas- 
ing specialisation. This specialisation was 
slow until after the middle of the nineteenth 
century, when the tendency began to develop 
force. By the beginning of the twentietli 
century, rapidly increasing specialisation with 
the formation of a multitude of new specialist 
organisations was in full swing. But fortu- 
nately at about the same time the necessity 
for co-ordinating bodies became recognised, 
and this had led successively to the foi‘ma- 
tion of the Board of Bcientilic Advice (1902- 
1924) of the Indian Science Congress Associa- 
tion (1914 to date) and finally of the National 
Institute of Sciences of India. This final 
development is in accordance with the 
genius of our Society, for concurrently with 
the. spate of specialist tendencies and 
activities, your Society has always main- 
tained its broad general basis, showing its 
generosity as the mother of new develop- 
ments often of a specialist nature whilst 
preserving its position as a philosopher’s 
garden w'here all may walk and talk. ” 


a 

p 

f 

Th(^ following aAvai'ds W(‘i’(‘ uiadt' : - f- 

Elliot Prizr for Sioriilijic E{'st‘ttr<’li r -I he 
Priz(‘ Tor tlu‘ y<‘a>r 19.‘t'> was a\vanl<‘d to Mr. ^ 

N. K. S(m of l)a>c(*a, rniversily fur his {•unlri- ^ 

butions to (^Hunistry. Pri/.i* for llt'li was 
for Pliysics a-nd Dr. D. P. Poy (’haudhuri 
is th(‘. nuapimit, oi* th(‘ Priz<‘. 'Flu* i’ri/a* ^ 

for 1925 will b(‘. ioi* work in (badugN and 
Biology (imdmiing Pathology and Ph ysi(>l()!.*vu 
regarding whi(*li a, d(da.il(‘d annuunc(an<’nl 
has l>e(n\ y>\ibUshcd in the (Udndto ($0 dft 
and t.h(‘. liifinr and Orissa Oa:ritt\ 

The dir WUliain d ones Memorial M*dfd.- - 
9''his vmalal ivS awa.rdial himinially Iku* fonqd 
cuously iiuporta.nti Asiatic laaseareln-.s \Nilli 

rererema^ ait.(‘rna,t(dy to (I) 

and (2) Philoso[)hy, lil(‘ratur<‘ and hi.dorx. 

This yiair tlu^ nualal is for Seiemer and ha- 
b(‘en aiWaa’d(Ml to Pai Sir Ppinuh’a \alli 

Branilnudiairi Balnuliir, Kt,. 

Bruhl Memorial 4/rdu/.— 'I’his lucdal i- 
awanhal l^V(n‘y threi^ yt^ars for (*l>nspit’u^a,^ly 
iiiiporta.nt (‘-oid r'ibntions to tla^ kin^w haigt* id 
the Asiatic P>(vtain\ . This ytair tlu^ medal is 
awa.rded t.o Mr. 1. 11. Ihirkill, La,(i‘ Dinader 
of (brnhais, Straats Sddlcimail s. 

Indian t<eicnee iUnujress, (Udrnda, Prij,' • 

This priz(‘ is awainhal in such ytairs as tin* 
Session of tln^. (k)ngr(\ss is ludd in ('ahailia 
for coniS])icuoiisly imp()rt.a.nt. services !<> tin* 
Indian Scumce (’ongnass. lh*i/.(‘ is award 
ed to Dr. Mi^gluuui Saba,, f.u.s., with <[Hadal 
reference to his work ior tlu^ Indian Setau'c 
Congress. 








Structure of the Nucleus. 

I**y Uno Mnliadiir TKif, U. t(‘sa(*Iiur, M.A., iMihst.P. 

F rom u.n<*iput tinu‘s tlu‘r(‘ jiavt* hiaai two up of va.rious coihst il.iuait.s and in wloit 

vi(‘ws of 11 h‘ (‘onstilution of matt<‘r. dirt^dion \v(^ may (‘xptad, a, Hma'essful i nius- 

()n(‘ sc*h()(d r(‘pr(‘S(ad(‘<l by 1 )(‘mocril us cou nuUa.l.ion. 

sidpriHl mattm* and (‘Vtai s^iaci^ as mad(‘ up of In ra.dioa,('iiv(‘ plKmonnani natun^ Ii(TH(df 
disevnie and indivisibU* particU^s or al<nns. <‘\lubil.s siudi t.ransmiitations. T\w stanly 

oih(‘r vi(‘\N ativooalial by Anaxa.a'oras of radioa.fdavity n^vtaikMl t.h(‘ (^xistinua' of 

wa,s t.liat inal t <‘ 1 ’ w as coni imioiis and in!init<dy didVnMil. kinds of ra>dia.l.ion, riz., i.h(‘ a- 

diVisil)l(‘. ddu‘ .V//o//a school in India /)- a.nd y-rays. 'riu‘ /i-rays ar(‘ slnxiins of 

cliainpiomsl tilt' atomic vit‘NV]H)iut , cousitba* fast onovinji: pa.rtacU's of nc^a.UvtM'h'ct.ncii.y, 
in‘>’ lilt' atoms to b(‘ om* sixth tin* si/<(‘ tif a ('h'ctrons. d. d. ''riunnson’s work ou 

molt' in a. sundx'ani. 'Tht' dtwt'Iopnitmt of cal hodt' rays <‘slaJ)lisli(‘d t'lu' faitd t lnit' i\u^ 

clHMnistrv in tht' Ibth ctadury, bt'ainnimj: (‘h'otrons \v<‘r<‘ (‘onstatanmts of Uill a.troms, a.nd 

with tlu'* work of Dalton. jdactMl tlu* atomic t ha-t t-ludr mass was only a. minut.c frait'.t.ion of 

Du'orv in an impi-(‘anabh‘ ptisit ion. ICh'iiiciits Iliad- of t-lu' liydro^’t'n a-l-om. ddins t-lu' 

a.nd compounds wt'rt' dist inauisht'd and t'Vt'ry probh'iu td* tlu' si-ruct.urt' of a.ioms a.roso and 

(‘h'mtaitwas t hon,u;iit (>f as mailt' up of similar, tho adorns wi'rt' no lon^'tn* com'tdvtal as in» 

indivisibli' amt inimutalili' atoms, KN'st'arcb tlivisibU'. a-pairticU'S wtav shown t.o be bidium 

wa.s conct'id rat cd on discovi'rinu’ the various attmis which ha:d lost two ('h'ct rons, whih' t.hi^ 

I'lcnu'nts and <‘st ablishine,' tht'ir atomit' y ra-ys wi'rt' found to be li^ht.-waiVt's of 

w<‘i,aids. As latt* as IbOT Rord Kcl\in In bis c\(r<*mely shoi't- Icn^’th. Sima' aJl adonis a.ri' 

ad (in ‘SS to the Ib'itish Vssociation said, “It nciiira.l a.nd tin' t'h'ct ron wii.h its m‘j;’adive 

st't'ins indet'd (iliHost alisidiitcly cmiain that chai'ift' is pa.i't. td’ t'vt'ry adorn, Imw is t.lu' 

thi'i’i' arc many different kinds of at onis i'atdi otluM', thi' positively t'ha.iyt'd pa.rt., consti- 

(‘t t'rnally in\ ariablc in it s o\\ n spccihc (piaiit y tuttal.' Rutherford's ex pt'rimeid.s on t.lu' 

and that diHerent substances such as yold, scatterinn: of a -pa.rt ieh'S by madt.i'i* showi'ii 

silver, copper, oxy.aen, nitroacn, iivdi’oaen, that the massive positively ('ha.i’,!;’(‘d jia.rt. of 

consist each id' t hem of at oms of one iin ariablc an n.lom was eoni'cnl rat.i'd inl.o a. sma.ll 

(juality, and that {‘\(*rv one of thian is in I’ornpass with tlii' tdeetrons distributed ad 

capabii' of beina; t ransmuted into an\ otlier.” u'nmd. distances from tins ('ladra-l pa-rt. or 

It svas fort umd e t hat Lord Keh in only said nueliMis. 1'he nucleus t.lms n'Si'mbli'S t he 

“almost certain"; the small ehaner to the sun and the pla-nels a.i’c represi'id I'd by 

contrary implied in the “almost" the elect rons. d'he number ol pla-net-airy 

has bi'eii shown i>y lalei’ i’es<*ai*ei» to repre.siad elect rons is det.ermined by t lie positive eha.riXi' 

the true state of affairs, and oiir aenerat ion on the nucleus a.nd thi' eluuniea.l propi'rl.ii'S 

ha.'^ witni'ssi'd the sneei'ssfnl earrv in** out of of t Ik* \a rious eh'ini'ii t.s a-ri' di't ('rndiu'd by t.lu' 

such t ransm u t a t ions as wio'e md dreamt id* nuitiln'r of I h(*s<‘ I'xt erna.l ('h'cdrons. ddi<‘ 

even by the alchemists of <dd. nuehms ea.rries a.lmost. the whoh' of tbi' ma.ss 

( icrms of mo<lei'n ideas w ere seen in Ih’out's of the adorn a.nd is thus eha.ra.et erised by il-s 

hypothi'sis that all the elements ssere built wei^dd — the a.t.omie weiaiit. aiiiil its posit. ive 

u]) from hydrogen , 'The fact that the weights eha r.ia'e, /.c., I he adomic niimbtu’. 'This nueleair 

(d’ the atoms of \arious ehmieiits were md theur'y <d’ the a.i-oin ha-s beim coidirim'd by 

integral multiples of that of hydrogen w;is a all lader (‘xpi'rienee a.nd now ruh's uneha.l- 

didiculty whii'h discredited this hypotliesis. leneaMl in Rhysies. 

lint the work of Aston has shown that the TIu' phenomena, of railioa.cdivit y show thad 
(‘Ii'ineut s I’eally consist of at oms u it h different tin* iiueh'us a.lso is composite, a.nd at. the 

weiiiiits all possessimj;' t he same eliemieal pi’o pri'StMit. moment t hi' pridilem ol t in' slrucl ui*(‘ 
perties. 'I'liesi' are know u as isot ope.s and t he of t hi' nucleus looms la.r^‘e in t.he. sidi'nt.ilie. 

wi'iii'ht of i‘ae]i isotope is almost an integral work of prominent, physicists, ddii' la.ed i-ha.t. 

nuiit i[de of t hat <d‘ hydrogen. 'The diffcrern'c a ra.dioa.et.iv(‘ ('lenu'ut. ret.a.ins it.s a.i'.l.ivil.y 

from an intemsil value does md disturb whet-hm* it. is unc.ombim'd or e.ombined wit.h 

our seientitie eipmnimity nowadays. The (dhor (‘hmients, shows t.had llu' ('mission of 

thi'ory of Ri'lat ivity has show n I ha.( such a a- aaid fi- [la/rt.ie-les must, t.a.ki'. jilaici' Irom 

dinVri'uee is a ineasun* of the sta.l)ility of Uie. within tlii' micliHis. Thus ('Viuy nmdiMis 

atoms. It. is an iudi'X in fact, wiiii'h shows musti be Huiiposiul to contain o-partiides ami 

how^ any ehummt may bi* t hou^dit of as built, eh'cdrons. If a-particles arc to riunain inside 
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in a stable' stnictnrc, tlu' ('Iccbrostatic ropul- 
sion bctwociv an a-i)aviu‘.lo a,n(l (lue re'sl ol ' 
the nuf'lens must have' be'e'u convc'rteeel inte> an 
attract ion. But llutherlovel s ee.'cpe'i'iim'ntiS 
on the se'attcu'ing of ei-partieelc'S eef Th'(C') by 
IJTaii inn'll liavc shown thai ('oulonib s 

law liolds np to di stances of d X 10 (-ins. 
Tims tlic law of forc<^ slioiild be (^oiiloiubian 
repulsion u]>to distaiu-es ol this order nnd 
then change into on(> ol; attraction. ()r il 
we. speak of tlie potential Oit dilhu’ent 
distances from the nucleus, it should go on 
increasing from large distances till ai< some 
very small distance it begins rapidly to 
decrease and then attains a negatiV^e value, 
i.e.j the potential curve should show a high 
peak at some distance from the nmdeiis. 
This distance we may speak of as the radius 
of the nucleus. lu the case of Aluminium 
the distance of this potential i)eak is estimated 
to be 4 X cms. while the height ol the 

barrier is about. 7* 5x10'’ el(‘ctron volts. In 
the case of Uranium we liave seen that 
a-particles can reach to a distance ol d x 10 
cms., i.e., the potential barrier must be higluu* 
than 

But a-particles of energy (>x10“'’ erg ar(‘ 
emitted by Uranium in radioactivi^ changi^s. 
How do these a-partichvs crovss a pot.iuitiul 
barrier of at least twict^. their (uuu'gy ? 

The answer to the above (iu(‘sti()U was 
given by Gamow on tlu^ basis of wave mecha- 
nics. According to this [loint of vi(‘W every 
particle must 'be also su[)pos(Ml to hav(‘ 
a wave-like aspect just as light waves ])ehave. 
like particles (photons) in some (*xi)eriments. 
Every partich' of mass ni and vehxdty v is 

equivalent to a wav(‘ ol wave-length 

^ 7)hV 

Some experiments like tliose of G. Ik Thomson 
or Davisson and Germer sliow tlu^ wave-1 ik(‘ 
nature of electrons, while otli(U‘s such as 
the deflection of cathode rays by ele('tric 
and magnetic fields show t.he particle 
nature of these same (deetrons. Similarly, 
i nterf e r ence , ditfr acti o n and p ol ar i sat ion 
show the wave-nature of light, while photo- 
electricity and the Compton effect show its 
particle nature. As in the case of Dr. 
Jekyll and Mr. Hyde, we see sometimes one 
aspect and sometimes the other, but never 
both together. According to Gamow’s 
theory the a-particles in their wave-aspect 
can penetrate through the potential barrier 
and have a finite chance of coming out on 


lb(' otlH'r side. Tins is on.' of Hm' Iritnni'b'^ 

or llu' n.'W nu'chanii'S. 

\V(' liav.' already seen tlnd .-ven the 
nueleii.s niiisl. be eoinplfN. ef>ntuimn'j: 
a-particlcs and (dcctrons. The assuinptimi 
oMVec electrons inside th<‘ umdmis hnds to 
a nuinlxu- of diniculties in ccimectimi with 
the spin and magnetic moments ol nucha. 
The dis-overy of the mmtron by < haduiek 
has ludped to rtunovt^ this (lilheult). I h*' 
neutron is a.n umdmrged p:u’tu‘h‘ having 
a mass nearly ^‘qual to that <d; a pro on 
or hv<lr(>g<m mudmis and is mmtted ulim 
Ueryilium and Boron are homharde I hv 
a-partiel(ss fnmi polonium. Bamie: ua 
charged, it ha.s givat piuad rating powrr. 
It.s constitution is not known, hut U mu> 
b(‘ assuuHMl to hi‘ capahh^ ol gUing oU .in 
chmtron or its posit ivi‘ et>unt er])art -Un' 
posit.ron— in radioactive pjm-asses. I ho 
assumption that all iiuelid eansist “t 

a-partleh^s, mail runs and oiu‘ or no ptadtus 

aneording a.s alomie number is iohl or 

even nanoviss a numbm-of diflieult iiss Mieh a- 
the on(‘ a.bo\e imuilioiUMl n’gardilur the spins 
of nucha. Viaikati'sachar a.nd Suhharava aKo 
slmwial a. way of a.(aM)Unt ing for t in* Njiin * 
and magiielh* mmmads of nueha. 1 hr> 
assuuual atecordiiig to I In* then (*unen? 
viiwvs that a proton ha.s a inagni‘(i(* nnunen* 
(Miual to l/isir> tiimss that of an rWrU'niu 
bull Stern has o))t nlfa*d a- value about 1? * ' 
t,im(‘S a.s much, ddioiigh IIptc are htil 
some dilT(*r(aie(*s of vi(‘W regarding del ulo 
tin* g(*iH*ral wa.y of a.i‘eomding for tin* nraaiua 
ie. UiUd spin monu‘nt.s of mielei by tin* spin 
and orbital motions of (be par(ieh*a insid*- 
tin* mi(‘leus is a.eeep((*d. 

Eurth(*r progress in tin* sludy ol the 
mu*.h*us ha.s bet*ii ma.tle possible by the di- 
(*.(>v<‘ry of ln*a.vy ]iy<lrog<*n {Ihad. I rf*y ha 
receiv(‘(l tin* Nobi*i Bri/a* in t'hemistry ftu 
t.his a.ehii*venn*ni'), a.nd of the positron whie!s 
has l.ln* suiiin* mass a.s tin* electron bn! ha 
a (*.harg(* of opposite kind. Andt*r.snii 
and N(*(hl(‘rm('y(*r and Uurie and Joltoi 
have shown t luit a. posit romelect laui pan 
resuli.H from Mn* mal.i'rialisat imi of a }* ra> 
in whie.h pr()(*(*ss t in* ime.h*us a.etsasa r il:d\ ^t 
to c()nst*rv(* monn'iit um d uring t he ebaiige 
Dirac’s tlu*ory also shows tliat wln‘U a. posi 
tron and (‘l(‘.clron unit<*, t wo y rays w ill b^ 
Xm)duct*(l iunl this huiS bei'ii oi)serva*d b\ 
Gray and Tuirraut. Thus tin* <*i)nv<*rsioi 
of matter into ra.dia.tiou a.nd radia.tion intt 
» matter has beim ac.comi)lish(*(i a.nd UinsleiiB: 
“ relation between energy and it.s (‘qulvah*ni 
. I mass, viz., E==mo“ has been amply veritiiul. 
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Another line of enquiry started by Enther- 
ford wlien he succeeded in transmuting 
Mtrogen into Oxygen with emission of 
hydrogen by bombarding Nitrogen with 
a -particles has been followed up in recent years 
with great success. Almost every element has 
now been converted into some other and new 
radioactive elements > have been artificially 
produced by Curie and Joliot and Fermi 
and others. The missiles at the- disposal 
of the physicist have also multiplied ; 
a-particles, protons, diplons (heavy hydrogen 
nuclei) and neutrons have all been employed 
for this purpose. Cockcroft and Walton 
and Lawrence and others have rehned ex- 
perimental technique to such an extent 
that protons and deutons can now be given 
energies almost equivalent to that of the 


a-particles provided by Nature and the 
corresponding progress in the programme 
of transmutation has been extensive. Thus 
when Li,, is bombarded by a deuton or 
Li_ by a proton w^e get two a-particles 
which have about ten times the energy of 
the bombarding particles. The internal 
energy o? the nu-cleiis has thus been set free 
to some extent. Who shall liniit the pos- 
sibilities inherent in this achievement f 
Gladstone lived to levy a tax on an industry 
developed from Faraday’s discovery. Flertz’s 
discovery has revolutionised modern methods 
of communication. What practical pos- 
sibility lying latent in the nucleus may not 
become an accomx^lished fact and what* 
revolutions may it not bring about ! 


North Bihar Earthquake of January 15, 1934.* 

By S. K. Banerji, 

Meteorologleal Deportment^ Poona, 


rpHE earthquake w’-hich occurred in North 
Bihar on January 15, 1934, had many 
important peculiarities. The shock was 
felt over an area of not less than 3 million 
square miles — an area which is perhaps 
greater than that of any earthquake recorded 
during the last 100 years. An important 
feature which has been prominently brought 
to notice is the inequality of propagation of 
surface vibrations in different directions. 
These w’-ere felt at greater distances tow^ards 
the south and the west than tlie north, and 
the east, the. Himalayas in the north and the 
Assam and Burma mountains in the east 
acting as barriers and damping them out- 
considerably. That these mountain folds 
and the fault planes which bound them 
should obstruct the nonnal propagation of 
surface waves is wOiat we should expect 
from the theory of elasticity. 

An earthquake of severe intensity has 
usually an energy of the order of 10-' 
(ugs but the present earthquake^, appears to 
have energy slightly greater than lO-" ergs. 
There are several methods by wdiich the 
calculation of the energy of the. earthquake 
can be made, but the sim|)lest one is to 
use the results obtained theoretically by 
Nakano that for an earthquake of shallow 
focus 0-4 of the energy sent out from a 
eompressional disturbance and 0-9 of that 


* Based on the opening speech at the symposium 
held at the Indian Science Congress, 1935, - 


from a distortional ' one goes into surface 
waves. If then w'e estimate hy means of 
seismograms the velocity of ground move- 
ments at some fixed distance, say 200 km., 
all round and also estimate the length of 
the wavn". train carrying most of the energy, 
can immediately calculate the total energy 
of the earthquake. To illustrate the method 
of calculation, we wmuld estimate that the 
mean velocity at a distance of 200 km. w^'as 
250 cm/sec. Since the mean density of 
surface rocks is about 2-7, the kinetic 
energy per unit volume is 9 x 10^ ergs. On 
the avei'age tlje xDotential energy is tlic^ same 
as the kinetic energy, and, therefore, the 
total energy ])er unit volume is 1*8 x 10’ 
ergs. Now the length of the part of the w^ave 
train carrying most of the energy 
~ mean velocity of surface weaves x time 
taken to pass over a given place 
— : 1 X 10"' X 10 X 60 2-1 X lO"" approxi- 

mately. 

Integrating over a (hreh' of radius 200 km., 
we see tliat the energy oi surface vibrations 
= 1-8 X 10'‘ X 2 - 4 X 10" X 1 *2 X 10" = 

5 X 10“ ‘ ^ugs. 

According to the results obtained hy Nakano, 
this is only a fraction of the total energy. 
Taking dissipation and other factors into 
account it would seem that the total energy 
is slightly greater than 10-- ergs. It is easily 
seen that this estimate of the total energy 
is not much affected, if we estimate a slightly 
greater or smaller value for the velocity 
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or the (lui'ait ion of tlu‘ of \va.v(‘ tniiii 

or botli at a dit-itiMUH' of Lh)0 kni. 

An (Miera’y ol* the oi'der ol’ 10“‘ er^'s e.o\dd 
be produeed by the frac'dnn' oT a. (]uadra.n,ii;ula-r 
rock of diineiusions 150 km. x 100 km. and 
thickness 10 kni. If a he ibe len<>:th, b the 
breadth, and 2Ih tlu^ thickness of a qiiad- 
rangidar rock, tluai its potential en(‘r<>y wlum 
bent by ('oupU‘S is 



wliere Rj, K. radii of curvature, 

E th(‘ Yonni>'’s nuxlnlus and a the ]h)isson\s 
ratio. Wiieii the rode ('racks, t.his enen-^y 
is redeased. It is important to notice^ that 
this expression involves thickness in th(^ 
third pow(n* but tlu^ len<>’th and br(a\.dtlv 
only in th(‘ first power. It is, therefori^, the 
thickness vhic'li (‘.ontribnt(‘S most, to the 
amonnt of (men'^y rdeascxl. W(^ liavc^ no 
observational evidenua^. in n^^-ard to tlu^ 
amonnt of bend which a ■j)late of ro(*k of 
large dimensions ('.an stand Ixdore rn])tnr(', 
but, according to (hdiuition, if () is th(‘ 
cemtre of tlie rock, and if a jilane t.hrough. t.h(‘ 
normal and a ])rincipal axis of the indicatrix 
cut the extremities of the rock in tlie dia.- 
meto QVQ/, t.lien th(‘ radius of c.urvatur(^ It 
is given by 13K -OV ^ (v),V“. Ilut (v>V is 
eitluu’ 75 km. or 50 km. according a.s th(‘ 
Tdam^, passes through the major or tlu^ 
minor axis of tlx^ indic.atrix. It would Ix^ 
safe to assume that the rock will ('.rack if OY 
become as large as 100 nudrest fldg. 1). 
Tliis wovdd mak(‘ and It., to be of th(‘ 



I 


Fig. 1- 

order 10“' cm. and 10'' cm. respemtivdy. 
With these values for and K, it is (‘.asiiy 
seen from th(^ formula that tlu'. amount 
of energy which would be ladeased by a 
bent quadrangular rock of dime.nsions 150 

t Surface earthquake waves which usually have 
wave-lengths of 00 or 70 km. invariably* cause 
extensive cracks if they liave amplitudes as large 
as one metro. The esti^nate of 1 00 metres for O V 
would thus appear to be an overestimate and not 
an underestimate. A smaller value for OV would 
require greater thickness for the rock to yield the 
same energy. 


kni. X 100 km. ■ 10 km. is (if I Ih' ordm* 

of 10“*' ('rgs. If tln' thickness urns l(\ss than 

10 km., its Umgth a.ml bnaidth would ha\(‘ 
to Ix' considm'ably gnaitm’ than Ihokin, 
a.nd 100 km. r(‘sp(‘ci i vdy in order to give the 
(‘luu’gy of this magiutiidt'. lids w imld sug- 
g(‘st. tlnit th(' fo(*ns of tins (‘art h<iimk(* must 
\v,\,ye c.ovx'iHxl a. wid(' volmiu' and tin* t*|»i. 

(‘(mt.ral t.ra.ct a. fairly \\id<‘ area, lids is 

(ionlirnuxl by' t hc' obstu’vat ions’ inadt' by 
tlu^. (ir(X)logi(*a.l Surv(\v. 

lli(‘. V(‘ry giaait. pn‘pon<it*ramM‘ of surfaci* 
wa.v<ss in t his (uirt iKpialua as \\«dl as (Ih* 
typ(^ of movimumts in t ht' prdindiiai'v and 
t.iu^ SiX'onda.ry pha.s(‘s ail sugg(*st tliat tld’^ 
ciirt.h(iua.k(‘ ha.d a. shallow fo{'Us. It wr 

(sst.ima,t(' th(' (h'ptli ol fotais from tin* rtdatiw 
importance' of tlu' dilTe'K'id phases in ilu' 
s(dsmogra.m, \V(' (iml tha.t its iipp(‘r surfac(^ 
wa.H pi'obUibly not Iowan* than 15 kin. I'roni 
a-n a.mil.ysis of tin' ‘dda.y in starting’ of the 
])has(ss P, W S'h S, Ibas ' ha- ri* 

('('nt.ly <‘stimal('d llu' dcqdh of focus to he 
about. 1.1 km. With this information in 
our p()ss('ssion, 1 h(‘ (jiicstion aidstss wIhIIht 
tlu' tlu'ory of (dasii<‘it\ can mak(* any de 
(init.c contribution to th<‘ S('arch foi the 

(‘.aiUS(' of this (‘art h({uak('. 

It. is almost. c('rta.in that isostalic com 
])(msa.t.ion holds in tlu' cas(' of such hirer 
mount.ains as tlx' Himalayas. Mir, suppoNr 
t.ha.t. ('om]X‘nsa.t ion did not hold, and that 

l.}i(‘ llima.hi.yas (*ouId Ix' supported l>y tla 
st.nmgth of tlu' crust and I ln' substratum. 
tld(Mila.t.ion by tlu' nudhod givmi by bovi“ 
shows t.ha.t. th(‘ sfresss dinViaaicc'S riapurcd tn 
support, mounla.ins of h(‘ighl in.uuo metres 
a.bov(‘. i.h(' a'dja.cend. x’alh'vs in a uniform crii i 
would )x' a.boul 10” dym'sCm.' lliis 
n(^a.r t.lx' (‘rushing str(‘ug(li of basalt, whihi 
('.ould, t.h('r(d’or(‘, just support tlu' llunala\a> 
if t.lu' st'H'Sse'S iKxx'ssa.ry could he distributed 
oven* a.n iidinife* (h‘pth. llu' Hiniala\a> 
apart, from Ix'ing V(uy high arc of Mudi 
large', horizont-jd (‘xie'id (hat t lH*y would 
produce' bn'a.king s(.r(‘ss(‘s in t la* lit hos|ih»uv 
assnnu'.d t.o Ix' of liiiitu t liie'kiu'ss. l! is 
f.lu're'.fore' ve'ry lilu'ly Unit tlu'V arc l>oundt‘d 
by fa.ult. [ihiiiK's so (lial ( h(‘V (uin ino\(* up 
and down ineh'pe'mh'id ly, (hat is to .say, 
j lloa.! on t.he^ lit liosplu'i’i' a.nd undergo up 
and down move'me'nts without di.sturbiug thr 


^ flee, of (he (rctdoulntl Surci'//, lOtU , 38, 177. 

2 Phil. Muf/., 10215,49, (55. 

3 Curr. Sci,, 1035,3, 3t)8. 

^ Some Problems of GeoflynarnicSi tm. 
Jeffrey's Earth, pp. 178-202. 
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if (9 lias a gTeatcr valiu' than (Fi". 



Vertical Section through epicentre and nearest point of 
boundary fault. 

For. observations as avcII as tlicory of frac- 
tures^ producexl by loading always indicate 


that, they li<‘ along a curvr Mich as 
^r]i(‘ <l(‘j)tb (>r the faults below llu‘ obstawed 
(‘uicentral tracl will thcrcftyiv be about 
LM) kin., and if an (‘longat<‘d rock ol diniefi 
sions IbO kin. ■ U)0 kin. and t!iickin-s in km. 
(rmda.ngidar, (dliplieal or ofhei' sha}MO \va>. 
Iviiig a,<*ross ili<‘ fault at this depth and wa^ 
straliuMb it could by fracture ui\e tiie iuiercy 
reiiuinal for t b(‘ product i*Hi of t lu‘ cart lopmke. 
Tht‘ two subsidiary (‘picamiral (rai’t.s near 
K haii'iua.iido and Moiujiyr wi*re pitybahlx 
indu(*<‘d by a. luajor (*ra<*k el tlii> kind. 

(uirt lujuake oeeurnMl on a new nmon 
day, and on sueli a day \v<‘ gel a biaiy I id.* 
due to th(‘ (‘last i(‘ yitddiug of 1 lie stdid material 
(d‘ the (‘urth, such ihal flic height ol tin- 
()(*.(ains, a.s iin^asuriul by the ri-^.e and tall 
of t.h(‘ s<‘a, r(dativ<‘ to lln^ laud i.4 rediUM'tl 
to about i; of the lrui‘ (Ujiiilibrium ludaht 
(if tin" rigiiiity of (‘arih la* assmiu**! to be iIh- 
same as tbai’ of si(*el). On that das al^. 
ail aitniosplnu'ie disturbaiiee was pa.'>im: 
over Nori.lu'rn Imlia and Darssin lias dnywii 
ibat. if ib(* dirfer(*ne(‘ of haronuUrie pre-airc 
h(*ts\'(*<‘n (*ons(*eu( iv(‘ u*gions of ' hiuli and 
'‘low" pr(*ssnr(‘S la* b cm. ol mereur> and 
if tlu* ci*nt:i*(*s of “high'' and ‘Moss la’ 
1,500 niil(‘S a.part, tlH*n as a eonseipU'Uce 
t.lu‘. yi(ddiug of th(*grouml, it svill be 0 cm. 
higluu* umbu' tin* baronu*! ri<* ileprcssitm than 
und(‘r tb(* (‘l(*va.l ion. dMn*S(* caus(‘s couhl, 
tber(*f()r(*, (*.onct*ivably have s(*rv(*d tty prtabicc 
a kind of tiaggt'r a4*lion. 


Some Recent Advances in Indian Geology 

By .W. I). West, ^ 

Geological l^urocff of India. 


5. The Geology of Salt Range. 

T his comparatively small range of moun- 
tains in tin* northern Punjab has long 
been regarded as the show locality of Indian 
geology. Its fairly complete geological re- 
cord, its abundant fossils and its complicated 
structure have combined to make it a placA* 
of great attraction to geologists. Bound up 
with the correct interpretation of its struc- 
ture is the question of the age of tlie Saline 
series, concerning which almost ev(^ry geo- 
logist who has visited the Salt Eange seems 
to have propounded a theory. The problem, 
it Avill be recollected, lies in the fact that 


7 Banerji, Bulletin Cctl. Math. Soc., 1921, 12, 93. 
* Published witli the permission of the Director, 
Geological Survey of India. 


whih*. in tbi* Sab. Ibmgi* tin* Salim* >vv\v^ 
uud(‘rli(‘s r<)(*ks of ('aiubriaii (or pn.^sibl> 
pr(‘-(kiml)riaiu) age, iu lie* Biyhai di:Mrict, 
only 17 mil(*s aAvay, it underlies reek- ni 
Upper Numniulitie (Middle* hkyeeiu*} aye. 
And siiHM* in tlu* lalti*!’ pbu*<* it was ciyn 
sidered l)y I). N. W'adia. and U. M. I bn ics 
to be of k)\vt*r Fo(*(‘m* agt‘d a view sub.>e 
queutly c,orrol(orai(‘(l by 10. b*. U(‘e, 
stratigraphieal position in tin* Sab Ibaugc 
was ditlKadt t.o uu(l(‘rsta.n<l. 

There is no u(*t*d t.o summarist* the early 
stages of tliis (•.(UbuM^versy . • Hu Hire it tty .'^ay 
that Sir Fdwdn Ihmeoi*, a-s a n*sul{ tyf his 


^ Trans. MAii. GeoL Insl. hid., n)2l.k 24, 2U2. 

“ Mec. Gecl. iSarv. hid,, 1931, 65, 29 ; and Garr. 
Sci., 1931,2, IGl. 
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siu(li(\s (>r Hh‘ oiCtM^arinj;' strata of north- 
vvosiorn India, sn^-.uvst<al a d\‘rtiar.v a^v for 
the sa,lt (l(*p(»sits of Indh t 1 h‘ Salt Han^c an<i 
I ho Kohat^ a.nai. ddiis vit^w lua^'ssitat (m 1 iho 
in 1 .ro(lnot ioi\ ol' an ov<M’thrus( h<‘(u(‘(‘n t h(‘ 
Sa.liiu‘ S(‘ri(‘S of ( h(‘ Salt Ihuii’v a,n(i lh<‘ 
ovaaiyin^’ (•a^ni)ria.n Ixals.'- d'ho ohiof ohj<‘o- 
tiion to this vi(‘\v was that no Sah Marl [lad 
h(‘on found in I lio 'rta-fiai'V rocks of tin* 
hi^iau' parts of lh(‘ Salt Kanuv. Subsc 
(puaitly C. S. k'ox, as a i’«\sul( of a visit 
lo parts of th<‘ ran'j:(‘, ya\c ivasons for 
r<‘V(‘rtiim‘ to the Cainbiaau a^v i»f tin* sail,* 
a. vi(‘w whicli also l•cc(‘i\(‘(l simu* supiK)ii 
from the fact that salt dt'posits wt*r<‘ found 
in Ik'i’sia assoeialtal with t ami)rian rocks,' 
Mow r(‘e(‘ntly, C. d(‘ \\ t'olttu’, after tirst 
a.(*e(*p! iuii.’ a t'ainbrian atre as })i'ol>a})le on 
tla^ halaiUM* of (‘vithanaa" has now support (ai 
llu‘ \i(‘W tiiat the Salim* sta'iias is (d* IJanikot 
a.^'(a su‘i’m‘st inn;’ that its phua* of orin'inal 
d(‘posilion was in tin* Soan 'j.eosy nelim* to 
lh(‘ north ol tin* Salt Ibiiu'c, ami that <lurim*: 
foldin.ir moxaamaits asso<aat(‘<i with tin* linal 
uplift of tin* I'anm* and <d’ t lu' Kala t'hitta 
iiills soim* of th<‘ salt marl was iiilrude<l 
southwards into its jU'esent po..it ion bemaith 
tin* Cambrian Ixals.' It has t(> lu* adnut(e<b 
lioW(*V(a*, that (iwim*; to tlie thick eovcaanr. 
of uj)p(a' d'ertiary r(»eks in t h«‘ Soan yaa) 
svfK'lim* <d* tin* Hotv\ar, the Salim* .-uTi^'s is 
nowhere* seen in situ in its sii{>p(»se<l oriyimil 
pe)sit ion be‘m‘ath the I/aki la'tls. 

In the* midst ed' so mtn’h speculation it is 
r<*rn‘sliiuy to know that eiuriny the jjast 
six y(*ars a <'areful la* surve\ of the Salt 
ixauy'i* Iras been ('arrii'et out by 1 C 1 C 
(ha* whose inapjun*.'. Int": l)e(‘n continued 
\V(‘st wards a<‘ro>s tin* I mins to liid\ 
up with tin* Ir.tns Indu:. ranya*- ami with 
the Kediat salt reyion to (he north. 
A summary of tin* eonelusion.s that ha\«' 
r(*sult(*d fiaun this .<.ur\(*y has, in so fai as 
tli(* Salim* .'a*r’ies is eoneerned, ab'i*a<ly b<‘en 
puhlislnai in ('nrytnt NrUfurr, in this (tee* 
maintains (hat the Salim* .s<*vi<*s of the Salt 
K'anye* ar(*a is <‘ss<*fd ially in situ, and that 
tin* deposit is Innnotaxial with that <d' tin* 
Kohat salt r(*yiou and vsith the Nummulitie 
linu*stom‘ ami shah* deptrsits cd' Lowa‘r 

' Mi'tii. (it'ol. Surr. Ind.^ luyu, 40, a'aS-a7I. 

Surr. ItnL, iu:’s, 01, 117. 

lliv Slvuvlufi' .t.vhf, IU2U, 3. 

/'rer. Jutjlii renih /////, Sci, Cnntir., lUUt, 

” Mr)n. ( I'ro! , S un\ fttd., laiUkSS, MU loek 

^ ('vrr.Svi., Ut:U, 2, -bUl iiVA. 
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To make clear tlio latest views on tlu^. 
stratigrapliy of tine Salt Eange, a. (Ua.i»rainima- 
tic section' showing the general geological 
sequence is given, for th(^. construction o 
which I am much indehted to Mr. (ice. 
In this simplified section, taken rouglily 
along the length of the range, the hatvral 
variations in the sequence are indicated. 
Two marked unconformities are sliown. 
One separates the Lower Paheozoic from the 
Upper. Along this line the Talchir boulder 
bed (Upper Carboniferous) overlaps siic(*.(\s- 
sively westwards across the Salt Pseiulo- 
morph beds, the Magnesian Sandstone and 
the Neobolus Shales on to the Purple Sand- 
stone strata, and finally, as a result of 
overthrusting, comes to rest directly on the 
Saline series of the western part of the range. 
This unconformity with overlap has Ix^en 
discussed by P. IL Oldham and 0. S. 
Middlemiss.^’ That the overlap is less regu- 
lar than was previously supposed has recently 
been pointed out by Gee, local exposures of 
the fossiliferous Cambrian beds cropping up 
around Chhidru in the w^estern half of the 
range."^® 

The second large unconformity, first recog- 
nised by A. B. Wynne, occurs beneath the 
Eocene nummulitic rocks. It is marked by 
a thin irregular bed of ferruginous shale, 
often pisolitic, which evidently represents 
an old land-surface. In tlie extreme east 
this ferruginous pisolite rests on Talchir 
shales, in tlie middle portion of tlie range 
it overlies the Prodnctus Ijimestone, wdiile 
in the western half it lies on various horizons 
of the Mesozoic rocks. The nummulitic 
rocks above the unconformity were, until 
recently, regarded by most observers to be 
Laki in age. It has now been discovered 
that at least the lower portion of the sequence 
is Eanikot in age.^^ 

A third unconformity, less marked in the. 
field than those above-mentioned, but none 
the less important, is repi'esented by the 
junction of the Mnrree Kamlial beds" with 
the underlying Nummulitic Limestone.^- 
This unconformity was thought by earlier 
workers to represent the whole of the 
Oligoceue ; recent work by Pilgrim, Cotter 

^ Bee, Geol Surv, hid,, 1886, 19, 127-131 ; and 
op, cit„ 1891, 24, 21-24. 

10 Op.cit, 1234,68, 115-120. 

11- Director’s Annual Report for 1931 (in the 
press). 

12 Mem. Geol. Surv. hid., 1933, 55, 101-104. 
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and Lahiri luis i‘na;blo<i its limits be more 
eli^arly (h^ruuMl.’’ 

R(‘gar<ling thi' (‘xa-id ag<‘ and e(vi*t'<*Iat iou 
of tlu^ various ro('k gi'oups, inm‘h pakeonto- 
l()gi<*a.l work still rimiaans lo h<‘ <ione. Iiecciil 
iieidwork by Ge(‘, howevtu’, has shown Ua‘ 
(*.los(‘ r<‘lationship in betwism tlie Neo- 

bolus Shah\s. the MarH'invsian Saiidstom* and 
(.h(‘ Halt- Ps(‘U(loinori)li l)<‘ds, all oi whieh an* 
proba.bly (kimbria.n.“ As nganls tlie inaler- 
lying Purpk‘ Sa.ndst<>nes, has stated 

tiial tiny a,r(‘ (‘onronnably overlain by the 
Neobolus Hhahss, a.nd he |)lae<‘S holh in (la* 
Middh^ (kimbrian.''’ ( L'e has found in places 
that, the Ni^oholus Sliahss rest with a thin 
basal (*.(>ngloin(‘rat(^ on tlu^ ihirph* Sand 
stones, ami 1 h^ rc^ga-rds t la* hitim- as ('ainhrian 
or pr(‘-( kunbria-n. No fossils liav<» so lar 
been found in tlunn. 

(^'Oming now t-o tdu‘ npp<‘r I*al:eozoic 
rocks, plaid nuYiains of lowm* ilondwaua 
type have Ixnm found by Uet^ in shales 
ov<n‘lyiug the. d''al(*.idr boulder bmlA' whilst 
liigher in tlie scxiikuku^ in similar i‘arboua 
ceoiis shales among hln‘ lowin’ half oi tht‘ 
Prodnctus Ijim(\st()n(% (kd.t<‘r ha-d pr<*vionslv 
discovered (iangamopl oris a.nd (Uossopteris. * 
Th(^ Wandia sixdion of the Prodnctus 
Ijimest.on(‘ has Ixxm <l(‘S(*i'ih<‘d by ('owper 
K<‘ed, CotUu* and Lalui’i.'^' In the dura^sit* 
beds, whieh inelmh^ a t-hii'k smimmee in the 
wesLun part of t-lu* Sail lta.ng<‘ a.nd which 
are also widl riqinssiuit (xl in tin* (rans Indus 
ranges, an (^pper (londwana tlora, has n* 
cently Ixxm found by (hx'.*'* 

It willhe nxmxnlxnxxl tha-t (In* Nummulitic 
series (of whiidi only tin' lowm* half is 
re])r(sse.ut<xl in tln^ Sajlt. lta-ng(‘) iindndes the 
Halt Itange (xial sinnii in t.lu* (*a.sl<n’n half of 
the range, w'1kx*<‘ the sixini ocxairs not far 
above the. fmaaigimnis pisolilm d’rmxxl NSi*st 
wards, however, thick nodula-r foraminifcral 
limestomss com(‘ in Ixdow t lu* eoal, u lulc 
the. latter passiss int-o a. ea-rhona<xx>ie; shale, 
as originally descrilxxl liy Wvnnm In tlu‘ 
western part of tlu^ Salt. Ka.ngxx how(*vix', 
near J)aud Kliel, (‘x p<)sur(\s showing the 
lateral passage of the uppm* linn*stoiH‘ (above 


/icc. (feol. Sttrv. hid,, MMO, 40, ISA; anti 
op.cit., 1933,43. 201, a.ocl i-nfcrc-nct^ 12 abovt*. 
Op.cit, 1931, 68, 115. 

Itec. Geol. Suri). I)id.. 1028, 61, M7. 

10 Op. cit, 1933, 67, 22. 
i‘ Op.cit, 1930,62, 445. 

1® Reference 1(5, 412-445. 

19 Op. ciL, 1929, 62, 1(53. 
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tlu‘ (‘()al”slml(‘ slau’<‘) into niassi\ {‘ psiuu 
haiV(^ !’(a*(‘ntly hnai hy 

laa’ \vilh in(li<*at iiiu tia‘ passa’.'t' 

of tli<‘ un(l(‘iiyiit‘i' ('<>al sliah^ slai!4‘ into salt 
Ixairiip^’ luai'l.'-’*' Itnth tla* yypsimi and t!:<‘ 
niaii to tin* Salim* M(‘ri(‘s. It is con 

(•lud(‘d, t li(‘n*ror<‘, that tin* Sidim* s(‘rirs of 
tin* Salt l*any(‘ (and of Kohat ) n‘pi4*-;cn! 
loca.l salilVrons ra<‘i(‘s oFLonia’ N iniiimilit i<* 
(Lo\V(‘r ha>(*<‘n(‘) s<‘<iinn*nta( ion. 't'his (*riti(*al 
s(‘<*(ion, which appears to ha\c hem o\(‘!* 
I(x>!v(‘d by [n’<*\ iom; <d>sei \ (a*.\, appai*entl\ 
pr()\'id(‘;'. (h*cisi\ e e\ ichan’c iN'yardine ( jj<. 
a.a'c of tin* Salim* ser!(‘s. ■ 

Ah()\(‘ tin* N iiniiiiij li t ie seiies of the Salt 
Ivaiiii'i* tin* iniddh* ami upper 'rertiary i'r<‘;;h 
\val(*i’ strata covi'i* w id(‘ arc'as northwards 
a-cr<\ss tin* Pot war plal(‘au and i In* K(diat 
a?'(‘a.. and to tin* west, 'riiest* sedhmmts, tin* 
V(*rt(‘hrale fauna of whieh has stndi(‘d 

hy (1. K. Pilyiam, ha\(‘ ree('nti\ fn-eii slmli(‘d 
ia (l(‘lail by P, \ an \ . Anderson and b\ 

( 'ol l(*r and I aihiri, ’’ 

b‘(‘.aardine’ tin* si met are of (he Salt K’anae, 
oppnsin.a' \'i<‘w.s haxa* been [nit forwaial, 

Soim* u‘(‘oloe'is( s ha\(' in! (*rpret ed the ob 
SC! \’(‘d !’<*la( ions ot the rocks as bi'inv; dm* to 
ov(*rihrns(in^n *• i\ S. 1m»\, on tin* other 

hand, has endeavoured to e\[)lain tln‘se 
strm*(ur(‘s without (la* assistanci* of d\nainie 
fornes, attribuliim' tln‘in to isoatatii* ino\e 
im*n(s which ha\’<* n'sult<‘<l from a I'elat iv<‘l;s 
pla..sti(’ salt marl haviim: umh*rlain the hiainm 
s(ra.ta of the Salt Ibinan.’- however, 

app(‘ars to la* convine(‘d that at h*as( (In* 
hiru’c*]’ l(dds, ov(‘rloIds and thrusts an* (b*- 
linit(‘ly ot t<‘c(onic oi’iyin.'‘ In oidcr to 
explain tin* prt*s(‘m*(* of (he Saline st*ries 
ix‘m*a(]i tin* l.ower Pahe(‘/.<»ic rocks of tin* 
I’a.n^e, he postulates an innm'iisi* r<***ula!' 
tin list alon^ whi<*h tin* I’ocks ha\‘<* nj(j\'(‘<i 
towards tin* south in I he Salt Paiiip* and 
towards tin* (*ast in the /;vn/.v Indus ran; 4 ’es 
in post-Nununulit n* and ju’cSiwalik (irnes 
(/a*., hit(‘ h-oe(*in* and Olie'oci'tn*), involvin'^ a 

(Jtirr. .SV/., 2, a«H) MU. 

’' In a p/iper r.*ad by Me.ssr.s \>, I<:vnrr, and M V 
Majeed, (dthe Hanna Oil <’o., ia<l., at thcrerent 
nuetinK^ <,t (he Indijni Sei<au*e ( 'nnar<*e, fiirOnM* 
(‘VidencM*, has(‘d on tlu* e\-uniiud i<»n of heav\ 
nunera n*si<l{ic‘s, was hroin<h(. forward in miihmu'I 
ol On* lerOary age of t In* SaUtn* seri<v^ of (he Salt 
Ha.nge. 

nulldnil. Sue. Au/rr., iniiS, 38, 005; atnl 
Aie>n, (H'ui. Surr. huL, 11)25,55, DO. 

““ Ceul. Sui v. I ml.. 11)20,40, 55S-571. 

Heference I.“>. 

H(*fer(‘n(*(‘ S. 
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in<)V(‘m(‘nl. of not. l(‘ss t.han 20 mil(‘s. 'Pin* 
Nffppr involv(*d in this priiiia.ry thrust in- 
oln<l(‘d Mn* N iinmndit ie and nml(*rly ing- roeks 
<>r tin* Potwmr, Kolnit and Piaimn ;ir(*as, ami 
<*<)njimn‘d fiiidln*!* a.(i(‘ld to link up straii- 
yid*a.phieally with tin* r(n*ks of whai a.r!* now 
tin* IlimaJaya, a.nd Sida.inuin ran^’(*s. lie 
t Iiinks that a seeond p(‘riod of a.enl(‘ teetoni!* 
ino\(‘menl eomnn‘m'(‘d in tin* lat(* d\‘rt.ia.r> 
mnd eonlimn*d into snbdb*(*(‘!d t. inn's, t.he 
P<>i-<*(‘s ('oininy from tin* sann* norlln'i’Iy ami 
\v<‘st(‘rly dii*(‘et ions. Owine* to t.lr* fa.et t hai 
llio Salt Ivanye a-ml b'ax.s*- 1 nd us roeks had 
nln'ady, at the (inn* of this seeond p(*riod of 
<*:vrtii-mo\a*men(, a.pproa.eln*d (‘los<*Iy to Mn* 
Areluea.n x/nv.v//’ in (In* south, o'f whieh 
i‘<Mnna,ntM an* now (*xpos(*d in (In* f\ii*a.mi 
liiils, furtln*!’ mov(‘nn*n( (owa^rds tin* south 
w a-s imped(‘d, and (In* foi*ees w(‘r<‘ sp(‘nl in 
vaiisinc; the a<*nle folding’ and dupliealion by 
<> Vi'rlolding a-ml sln*a.i’ing of j.ln* SaJt Kbinge 
•"^ti-ata. Muring this S(*eond pi'riod o! <‘a.r|.h- 
n!()V(*m(‘n( M)(* Salim* s(*i*ies wais lying lu*- 
inm.th tin* b(*ds (d‘ (In* pi’imary nappe a.ml 
was lh(*r(*for<‘ f(dd(‘d and sh(‘ar(‘d a.long wiM) 
(Ih* iatti*!' a-s though it w(*r(* a. portion of a» 
normal si ra.( igi*a.p!ii<*al s(*(jn(*m‘e. I( iu 
this way that he (*\phiins (In* intimate 
n*lat»onship of tin* SaJine serii's a.nd the 
M-iheo/.oie ro(*ks of tin* Salt Ihinge. A 
Inih'r a.<*eount. of t h(*se (‘onelnsions rt'ga.rding 
thi* ag<* o! the SaJine s(*i‘n*s has aliM'ady 
a{> l><‘a!‘<*d in Sr/caec foi* dum*, Ith'i ! . 

6. Kpilogue. 

in bringiiig te a. elosi* t-his S(‘ries of shoii. 
art.i<*l(*s outlining the nmin lim‘s along whieli 
re(*<‘ii(. work in indiaiii geology has lx*(‘ii 
dc'veloping, I may leler V(*ry firielly*^ i,o 
eiM’lain r(‘S(‘a.reln*s whi<*h for x'a.iions n'a.sons 
I ba.ve (unit ted to discuss Mhi(*f aoione’ 
(h<*s(‘ is tin* r(*e(*nl- w'oi’k w'hi<*h Ims l)(‘(*n 
-arn(‘d out, (ui tin* g(*oloiry of tin* (Jondwaiia 
syx(.(‘m. ddns Inns b(*(‘n dom* in the ma-in 
by (k S, IA>\ a^nl II. < h'ooksha.nk, w'ho ha.v(* 
addl'd eonsid(*rabiy to onr know‘n*dg(‘ of 
(his importaot. p(‘riod of India, n g(*ol()gy. 
Imh* a g(‘m*raJ aeeoimt of (In* g(‘ology’"oi 
(h<*s(* roeks tin* r(*ad(‘r is i*(*f<*rr(*d to IA)x’s 
r**(‘<*n(. m(‘moir on the (Jondwana. svst(‘m,-'’' 
which forms a. pa.rl. of (his greai work on (In* 
(‘oa.I Pn'Ids ol Iiidiai; whih* tin* (iondwaiia, 
rmdvs of part, of tJn* Satimra, hills in Mu* 

< iHit'ial Provin(*(*s huiVi* b<‘(*n d(‘scri|)(*d })y 
('I'ookslnmk in ui nn'inoii* which is now in 
the* pr(‘ss."'' P(*rha,ps t,ln* most inter(‘sting 

-c I\fnn, (froL Sure. hid.. 11)21, 63. 

Op. ciL, 66, P;u*(, 2 (in (.In* pn‘.ss). 
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discovery in GoinlwMini . 9 ;i‘oloyy luis been tlu' 
lind by K. V. Binor iicnr Uiujiria in G(nilrnl 
Tjidia.ot* a niariin'. fauna in nx'ks which ha.d 
hitlierto been rcji;‘<u.’dcd as wliolly (*onibuni<a.i 
in' origin. These roc'ks wei‘(‘ siibs<‘(juently 
mapped by E. E. and ihv fossils fninni 

in them described by F. IF (i)wi)(n‘ IbMal.-'* 
Reference should also be made to Bu* 1'hoina.s 
Holland's presidential addn^ss to the G(‘oIo- 
gica] Bo(‘iety of Ijondon in wh(n*(dn 

he discusses comprelnmsively th(‘ <‘vid<mc(‘ 
bearing onihe age of tin' glacial pha.se a.t. tin' 
beginning of the Gondwanai pi'iiod."" I^hnally 
a. general discussion from tin'- paheoid.ologica.l 
standpoint of the question of hind bridg('s 
in Gondwana times has been given by 
C. Schiichert'^ ; while A. Ij. du Toil, a, 
sup])orter of the liypotliesis of contiin'iitaJ 
drift, lias discussed the classitKaiiiou of tin' 
sediments of Gondwana times a.ud tin' 
question of the boundary bi'tweeii tlu' 
Carboniferous and tin' P('rmia.n.‘‘- 

I have in tlu'se articles nuuh^ Uttk'. n'ler- 
once to recent "W'ork on the gr'iu'.ral stvuct\ir(' 
of Iinlia, exce])t indirectly in tlu' s('ctions 
dealing with tlie llimalaya. Atti'id-ion, 
liowever, may he drawn to two pa.p(‘.rs 
wliicli are of importance. 1du‘ lirst conta-ins 
a discussion by Dr. L. L. Fenuor on t he origin 
of the Aravalli range. In this it is con- 
cluded that there was an original fold-rang('. 
in pre-Yindhyan times which was largH'ly 
eroded before the deposition of the Yindhyans 
(? Cambrian), and that this rang(' wa.s 
subsequently n'juvenated as a liorst. boumhul 
by faults in post-Yindliyau times. Thus 


Geol. Sari), hid., 1<)22, 54, 1 4, Bull No. 2, 
WWoTTJDept., Rewah State, ‘Kewah State OoaUhjld.s’ 
19J3, 1-22. 

Uec. GeoL Surv. Ind., 1928, 60, 399. 

Op. cit., 3(j7. 

Quart. Jour a. Geol. Soc., 91 . 

Bull. Geol. Soc. Amer., 1.032, 43, 87.5. 

3- Rept. XVI Intern. Geol. Conar. W ashUKiton , 
1938: 

3 3 Rec. Geol. Surv, Ind.,. 1930, 62, 391. 


its ]>n*senl aspetd as a mountain fanio* i> 
rt'gardt'd bv lb’, hci’iinu' as youin'or than liad 
hillu‘?’lo b('<‘n Ihnnght and no! dir^MUly 
(‘oniu'cti'd v. i(h 1 lu' (U’ieiual f(ddin". I’le’ 
S(‘coml }>apei* is b\ F. A. rdc'unie, aiid deal.', 
will! I he data pro\hle<i by tin* '.'{‘tidt*! ir 
in v{‘st iga I ions of tin* SiU'\c*\ o! India. 
Idiis is an illutiiiiiat ine pair*!', for it unn-dial • 
tin' gc(’(l(‘lie <‘\a<l<‘nc(‘ in such a \\:i\ a\ to 
throw light from a IH’W amih' im man.v 
probl<‘ms of Indian gfolog\ . Am! Cnnnjl! 
it s(‘(‘ins that tlinm still a long ua> lo «*.o 
Ix'foH' tin' obs(‘r\<‘d facts ol i':colo‘y\ and (In* 
gt‘od(‘ii<' (‘\'id('ner nan lx* sat isfact ordy ctMaa* 
la.t<‘d, tin' paper is oin* whieh shoiml b«‘ 
I’l'a.d by (‘veryoin' taking :in infelbgeni 
inl.('r(‘sl in the broadt'i* asp(‘t*ts (>1 Indiani 
g<‘ol()gy and in gein'ral problc*nis ot earth 
liisfoiy. 

In eoindnsion, it can, 1 think, bo elaiinrti 
1 lull iln' adv:un*('s whieh ha\o b(*on madt* 
in onr kimwh'dgp of tlm goolog\ ot India 
dni'ing Iln' past d(*ea(l(', w hioh 1 have 

a.lt.('mpl('<l to onirnn' in the prt‘oo{ijn? 
a.rtiel<‘s, Inivt' bo(*n \a‘ry (*onsidoi*:iblo. It 
a.ny g(‘n<‘nd conclusion oaii 1 m* draun fr’inn 
a. snrv<‘y of this work, it is ptuliap^ that 
r('C(‘nt. work has for tin' mosl pari donnm 
si-ra.ti‘d the sonmlness of the ftunnlations 
whieli w<‘r(' laid dd and 70 y(';u’s aeo by the 
pioiH'('rs of hnlian g(‘ology, chief among 

whom wvw II. lb M(‘(liieolt ami \\\ 'l\ 

Idanford. Much of tliis c'arly work had a 
signiru‘a.nc<' whieli <*xteu<b‘d bey<mtl tin* 

boumhirii'S of India. W'helher I he same ran 
b(' sa.id for tlu' moi’e recent wori^ time almn* 
can 

Fiiuilly, 1 ('xpn'ss my tha.nks to i b'. Fermor 
for n'lidiug' tluamgli the whole of t he.n' 
artieli'H, and for offering a number of valuable 
suggc'sl.ions. 

" 77o’ mail irha iiiakt's no iiiisiahus Jot s tuJ 
liHiiali}/ itiakr aiii/thimj." Fu>\n Attn J. Ibnau's. 

:o Hnrv<‘y of India., 1 n*()rrssh»nal IXijxt No. 27, 
1932. 


Obituary. 


WE regret, to announce sudden deatli of 
’ ^ Dr. Ganes Prasad, m.a., n.sc., riarding(', 
Professor of Higher Matlieinatios, Calcutta 
T.Tmrer,sity, on the 9th inst. Dr. Prasad was 


a proiniiienl (’(lii.-alioni.sl , a, wi'll-knowii 
iiiaMu‘t(ia(.ici:ui :ui<l oik* of (.Ik* !'()iiiKl<*r,s of 
the Agra ljiuv(*r.'<i(y. 
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Letters to the Editor. 


The Photo-dissociation of Sinijjlc Crystals of 
Potassium and Sodium Nitrates under 
Polarised Li^ht. 

In a pn^vious coinimmicat ion* by Mi*. (Inha 
and ()iu‘ of ns if \N'as su^^'(‘s( (‘d Mial ilH‘ 
hriown absorpl ioii bands of inoiv^anic iiilralrs 
ill ih(‘ uH.ra-viohd, liavin.u' Hud?- ion.u' wavt*- 
l(aii»-l'fi limbs al aboul dbp }nn and ‘J.'Ul ntn 
rt'sixad i\a‘ly . may i)(‘ allributcd to Mk^ 
foliowin.u’ phot (>-diss(M*ia I ions : 

.NO',, ■ '- NO'.. ! O ( d*) Si kilooals. (.‘IbO fuji) 

NO^. - V NO'.. |0(’I)J 1 LM kilocals. (2:>0 //pt) 
(d)S(a*vat.ion willi crNstals of 

KNO., Nil, NO,, NaNO., in wliicli t lu‘ 

NO'., ions ad’t' all orimiitMl paralUd to om‘ 
anol’ina', that both t Ih‘ absoi’ption bands 
an‘ stron.^iy polaidstal, the ordinary ra-ys 
b(dn}j.’ al)sorb(‘d mimh mom strongly tlia.n 
th(‘ (‘Nt raordinary I’ays, was intta'piadod a.s 
indicat in.a' a^ corri'spondin.ii’ dilTcronci' btdwctai 
the*, phot O"disso(‘iat iv<‘ a<*l i\'it i(‘s of tin* two 
rays. 

\V(‘ ha.V(‘ r<‘c<‘ntly niad(‘ some <*\ porinnmt s 
on t in* phot 0 "d issociat ion (d* S(did inorganic 
nitrah's, part iculaidy with a vi(*\N to tostinj^' 
lh(‘ ahov(‘ conclusions. 'The follow in.e’ art* 
th(‘ main results oblaimal : 

(1) All tin* nitratt*s siudital, namely tiiost* 
of K, Na, Nil,, Sr, Ha, Al, <‘<1 and Pb, 
showed d<‘tinit<‘ dissociation under the action 
of lij-dd (from a ((iiart/. mercury lamp) of 
waivt* Icn^'t hs slnndci’ than about ll.ho niji 
(r<\a'ion of tin* stronger absorption baml), 
as tcst(‘d by the formation td* nitrite. 'Tin*. 

* S’f'/., !am,2 ir**; I*ru(\ Jtul, :[ ('tttl , Sc . ^ 

u):n, I, ‘j 12. 


a.ctiia.! Iona* wa.V(‘.-{(aiath limit of th(*. photo- 
a.ctiv<‘ n*ai<>n of t.h(‘ sp(Hd.ruin was not do- 
t.<‘rinin(Ml. 

(‘J) d'li(‘ dissociiition aipp(airs to bt*. ('ontiiual 
to a. thin snrfa.c(‘ laiyca* of tin* (‘.rystail, a-bont 
‘2b/<. (hick. 'V\\<y ahstaua*- of ptnanatn^ut 
tlissocia.l ion in Idu*. int(*rior is aitt ributuiblc 
to tin* n^combiniaddon of tin*, products of 
dissocial ion. 

(.*>) Pxp(‘rim(mt,i!ia under liiuairly pohiriscd 
lia’ld (obtahu'd by' pa.ssina th(* liaiii' from the 
arc t.hrouah a. (imiri.z doubU'-iina/ae prism), 
with sinal<‘ <a*yst.a.bs of KNO,,, Nir,N(),, and 
Na.NO,,, it. was found (had th<*. dissociation 
is mucii a*‘*‘-‘d-<‘r wlnm th(*, (d(*(dri(‘. vtador of 
(hi* exciting Haht. is in i.lu* plain* of the 
NO',, ions (ordimvry ray) than vvluai it. is 
alona tin* normal l.<> ih(dr phiin^s. 

(I) K(tlO., cryst.aJs also show a. similar 
a.nisot ropi(* phot o-nlissociait ion. 

K. S. Kkisunan. 

!i. K. Nakayanawwamy. 

21(1, Howba./.a,r Staan*!,, 

( 'ahmt ta., 

25, 19;>r). 


Absorption Spectra of Sulphur-Chloiddes and 
-Oxychlorides in the Vapour State. 

In continuation of pr(*vioiis work ailrisuly 
r<‘port(‘d,’ it. was round maasssuiry l.o study 
(In* ahsorplion sptM'trai of th(‘. s(*ri(‘s of com- 
pounds S('l,, SO(d.. and SO.. 01 .,. 

'Phis work is now <*oiui>l(d'(' a.nd w<*. pr(*s(*nt' 
a- summary of th(‘ ri'snltuS obtahn^d. 

’ r/oT. vx\ \ , 2 , hr.k 
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discovery in Goiidwana £!,‘eoIo.i>y lais Ixaai t he 
find by K. P. Siiior near II maria, in (Uaitral 
India of a marine fauna in rocks whicli lia,d 
hitlierto been regarded as wholly coiiiinentni 
in' origin."’ These rocks W(‘re su]>s<‘(|U(‘nily 
mapped by E. R. Gee,-'' and th(‘. fossils rouiul 
in them d(‘scribed by F. R. (^()W])er Reed.-'* 
Keference should also be mad(^ to Su* Idioinas 
Holland’s presidential addre^ss to i,he Geolo- 
gical Society of London in llKld, whendn 
he discusses coniprelumsively tlu' (^vidcuice 
bearing on the age of the ghnaal ])has<‘. at th(‘ 
beginning of the Gondwana period. .Finally 
a generai discussion from the paheontologica,! 
standiioint of the question of land bridges 
in Gondwana times has been given by 
C. Schucliert'*^ ; while A. L. du Toit, a 
supporter of the hypothesis of continenl.al 
drift, has discussed the classitication of tli(‘ 
sediments of Gondwana times and tlie 
question of the boundary between tlu^ 
Carboniferous and the Permian. 

I have in tlurse articles made little relV.r- 
en(‘.e to recent worlc on the general structure 
of India, except indirectly in the sections 
dealing with the Himalaya. Attention, 
liowever, may be drawn to two papers 
which are of importance. The llrst contains 
a discussion by Hr. L. L. Fermor on the origin 
of the Aravalli range. In this it is con- 
\ eluded that there was an original fold.-rang(‘. 
in pre-Vindhyan times which was largely 
eroded before the deposition of the Yiiidhyans 
(? Cambrian), and that this range was 
subsequently rejuvenated as a horst bounded 
by faults in post-Yindhyan times. Thus 


Rec. Geol Surv, Ind., 1922, 54, II, IhillNo, 2, 
Geol. Dept., Rewak Slate, ‘Rewah State Coalfields’ 
19J3, 1-22. 

“S Dec. Geol. Surv. Ind., 1928, 60, 899. 

Op. ciL, 3C7. 

Quart. Journ. Geol. Soc., 1933,89, 61. 

Bull. Geol. Soc. Amer., 1932, 43, 875. 

Kept. XVI Intern. Geol. Congr. Washington, 
1933: 

33 Rec. Geol. Surv. Ind.,. 1930, 62, 391. 


its pr(‘seut, a.sp<u*t ns n nmuulnin rnni-v i • 
ngiinhnl by I >r. ILunior ns youiigm’ Ihnn lin*! 
hitherto haaw thought nml not 
c()nueet<‘d with tlu' origiunl rohlimv 1 
S(‘<*oml pnp(‘r is ))\ IL A. nful iloul ^ 

witli th(‘ dntn. provhi(Ml by tin* evodr? o 
inv(‘st ignthms of tin* Suiun^y <d ludin.^ 
This is a-n illiiuiinnl ing pni)rr, for it iiinr.doo 
th(‘ g(‘c.(l(‘t i<*. <‘\i(hmr(‘ in smii n \Nny n 
throw light from n new nnglo on mniiN 
prolhhmis of Indian gt'ology. And t!ioue,L 
it. seems tlinl thm*(‘ is still a long was lt» no 
b(d*or(‘ t lu‘ obsers(‘(l la.cts ot g(*ology and tin* 
g(‘ 0 (l(i.i<* (‘viibmec can be sat isi a(*t oriiy coiu’r 
laded, tli(‘ pap(u* is one which slioubi bo 
naul by (‘v<‘ryom‘ taking; an intcnt'’oiit 
int<‘rt‘sl in (In* brombu* asncids ot Iinlniu 
g(‘ol()gy and in gmnu’al pi’oblcius ol earth 
liist.ory. 

In <‘on<*lusion, il <‘a-n, I think, )>c idaiunMl 
(had t.h(‘ a.(lva.nc<‘S wlFu'li Imsc Ih'ch iiiado 
in our knowhalgi^ of the ol linii.* 

during l.h(‘ past dc(*mlc, wliidi I ha so 
al t.(unpt.(al to outline in tln^ prcocdinn 
avtleU'S, ha.V(‘ Ixam s<‘ry <‘onsi<bM‘ai)lc. It 
any g(m(U*al eonelusion can be drasvn Irom 
a. snrv(‘y of this work, it is pcriiat^s (bat 
r(x*(mt work ha.s Tor 11 h‘ most jiart doiuon 
strad(Ml th<‘ soundness of the foundat ion.i* 
whi(*h W(M’(‘ lai<l 69 and To years ago by t bo 
l)ion(X‘rs of Indian gtailogy, elnef aniong 
whom \V(‘n‘ II. 1>. MedlicoM and W . b. 
Blanrord. Mueh o! (his early work liad a 
signitiea.n(*(‘ wbidi (‘xtendml bcyoini tin* 
bounda.riiNH of India.. Wind tier the same ran 
be said for tlu^ mon‘ re<*en( work time :d<mo 
can t.idl. 

Finally, I (‘Xpr(‘ss my tlia.nlvs to lb*, b'ernmr 
for rea(lii\g through tln^ whole (d' thoai* 
aidiel(‘s, a.n(l for oihu'ing a. mindxn* of s alnablo 
suggestions. 

^'The inmi irlio nutkes xe niislakt's (lots not 
ns uaUy make an y (h ing.' ' E n \s' A k n , I . P m a J *s . 

:n Survey ol' Itulin,, I h’ofi'.'-'.sional Paper No. 27, 
1932- 
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Obituary. 


regret to announce the sudden death of 
▼ ▼ .Dr. Ganes Prasad, M.A., n.sc., Hardingc 
Professor of Higher Mathematics, Calcutta 
TJnismrsity, on the 9th inst. Dr. Prasad was 


a promimmt e(Iuca,t.ionist, a, svadi dvin^w u 
.mathemati<*ia.n, a.nd on<‘ of rmnnhuss nf 
the Agra l]uiv(vrsity. 
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Fertile Pedicelled Spikelets in Sorghum 

By G. Is. Eangaswami Ayyangar, b.a., i.a.s., 
Millets Specialist., AgriculUiral Research Institute, 
and 

Y. Pandurang‘a Eao, m.a., 

Assistant, Millets Breeding Station, Goinihatore. 


S OEGHUJM grains develop in sessile herma- 
phrodite flowers. The sessile flowers 
have normally attached to them at least 
one pedicelled flower. These pedicelled 
flowers have the usual floral envelopes or 
occasionally, vestiges thereof. They are not 
usually obtrusive ; however, in a few varieties 
they are prominent and give the ear-head a 
prickly look. They serve as a padding between 
the sessile flowers. Sometimes there are 
two pedicelled flowers one on each side of 
the sessile. In stray cases sessiles without 
pedicelled flowers attached to them occur. 
Sessiles with three pedicelled spikelets are a 
rarity. Almost all pedicelled spikelets are 
barren. In the terminal spikelets, where 
these are in pairs, odd flowers bear anthers. 
Long,^ after an extensive examination of the 
spikelets of Andropogon lialipensis and Anclro- 
pogon Sorghum, var. sudanensis, conies to 
the conclusion that the aborted pistil of the 
pedicelled flower suggests that it once had a 
perfect flower. 

An intense botanical examination of the 
varieties of sorghum at the 'Millets Breeding 
Station, Coimbatore, showed three varieties 
which had pedicelled flowers with seeds 
(Illustration) : A.S. 3441 and M.S. 2687 
(from East Africa), and M.S. 1644 (from 
Bihar). In the two sorghums from Africa 
all the pedicelled spikelets had both anthers 
and ovaries at flowering time but not all 
ovaries developed grains. The analysis of 
a head in each showed as follows : — 



Total number 

Number of 

Percentage of 


of pedicelled 

pedicelled 

grain formation 


spikelets 

spikelets 

in pedicelled 


with ovaries j 

with grains 

spikelets 

A.S. 3441 . . 

1 

2,683 

1,647 

61 

M.S. 2687 . . 

4,274 

945 

22 


In M.S. 1644, the Indian variety in which 
the manifestation of this fertility was very 
poor, 40 heads were analysed and the 


incidence of grain -bearing pedicelled spike- 
lets was noted. Twenty -five heads showed 
under one per cent., ten heads two to three 
per cent, and five between four and eight 
per cent, of grain -bearing pedicelled spikelets. 
The rest of the pedicelled flowers were 
antheriferous. 

The seeds from pedicelled spikelets were 
normal but smaller than those in the sessile 
spikelet. Weights of 200 grains showed them 
to be half the weight of grains from sessile 
flowers. This halving in size is in consonance 
with the disability of being pedicelled. 
Germination tests proved them to be as 
viable as normal grains. 

The distribution of the hermaphrodites 
pedicelled spikelets in the successive whorls 
from bottom to top of the panicle w^as gone 
into and it showed that there was a progres- 
sive increase towards the top. In M.S. 
2687 it rose from 5 to 21 per cent., in M.S. 
1644 from 4 to 33 per cent, and in A.S. 3441 , 



Sessile spikelet with pedicelled grain-bearing 
spikelet attached. X 3. 


the African variety which had the largest 
manifestation of pedicelled hermaphrodites, 
it was 53 to 85 per cent. In the terminal 
sessile spikelets, where the pedicelled flowers 
are mostly in twos, one or both developed 
seeds. It can be said that generally all the 
spikelets towards the periphery of the panicle 
produce grains. Those towards the centre 
of the ear-head fail to set seeds. Pedicelled 


1 poU Gaz., 1930, 89, 154. 
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liowers witli ovaries only juul no a.nMuo's 
were not met witli. 

The peclieelled liowers, wlnni they a.i‘(‘. 
antlieriferoiis. start oixaiinii; nt ahout. th(‘ 
close of the main wave of th(‘ :Milh(‘sis of 
sessile hermaphrodite flowers ((h N. llana'a^ 
swami Ay\an,o’ar and V. P. Pao, 1.9;U).“ 
The hermaphrodite pedieelled spikeUd^s, how- 
ever, flower along iviflf> tlu^ s(‘ssile liowers. 
The second wave of anthesis, nsiially nud. 
with in those sorghums whicdi hav(‘ aiitluud- 
ferous pedicelled s])ik(d(Ts, is ahscnif. in th(‘ 
caise of panicles in which ])otli s(4ssih^ and 
p<vlice]led spikeiets are hernia jhiroditc^ 

In all tlu‘. three cas(^s r(‘porf(4l ahovcc it is 
iioticeahle that this ]>henomenon of lunana- 
plirodite ped icelled spikeiets ocanirred in 
varieties in vdiich tlie size of grain in the 
normal s(‘ssile hei‘ma])lirodite is distinctly 
smalh'r than, the avei‘ag(‘ grain in Grain 
Sorghums. It has been noted that in 
pedicelled spikeiets the grains w(‘r(^ ahout 
lialf the size, of thos(‘ in the s(\ssil(‘. ones. 


I MaK(T1 

This sma.iln(‘s.s in smail grained ear iMaiii 
giv(‘S fii<‘ {)ani<d(‘ in wliieli Ihis {dieiiuno mm 
is r(‘cord(Ml, a. ininulime^s of e.'raiu dispo-n mho 
not' usual in (his Gr<4il Milled. 

ddu' o(‘cinu‘(Uiee ol grains in pedirrl!«d 
s]>ik(d(ds ope’ns up (1 m‘ possihilily ol br<MMlu 
an afl-lVr(ih‘ i^ardnael in spil(‘ of the h*i n 
drag <»r (h<‘ slina'Iily of pi'dieelled lfuu«n 
which (diaracl (‘ris(‘S 1 h(‘ AndropogoiiN. 1 to- 
sma.llin‘ss of gi’ain is a disal>ili(y (o h<* fio rd. 
A big grain is a. (h'sidm’ai inn in a (*rani 
Sorghum. Grossi's designed lo exfiloro tie’ 
possibiliti<‘S of (his eombinalion are in 
progT(‘ss. 

Abov(‘ all tlM‘ eomnirnnit llnw t'rine of tlu 
herina.phrodi(.es wlndlan* piMlieehed or ee, ih . 
withonli railing' ha.(d< as a sia'omi wave a m 
t h(M*a.S(M)l p(‘di(‘(dl(Ml aid lundferoiis spiktd ? . 
hauls t.o jh(^ possibh^ ndal ionship of taettu 
r(‘sponsibh‘ for lh(‘ opiming of dower; .’.nd 
th(‘ part tha-l a. full S(‘\ual eorupleneid 
plays in IhaT proeiass. 


Abnormal Fruits — Viviparous Germination in Oxr/ma 'nulica W cv A. 

( Family Cucurl)ilacc(c ) . 

Py M. Ghous(‘uddin and M. Sa.y(MMlnddin, 

O.wumia UnlveniUj^ 


rj^HE object of this note is to record a 
rather advanced stage of what is called 
\Tviparoiis germinata’on in Coeomia indiea. 
One ., of tlie authors, M. Gliouseiiddin, 
<a)llected a few^ fruit, s from a plant growing 
tank in the Public Garden, Ilydera- 
Toad. Tliey shov viviparous germination in 
a very advanced stage in that a t'Cmdril and 
a leaf liave found their way out of the fruits 
(Fig. 1). 

Viviparous germination has been nu'orded 
in the family Cucmrbitacew, rh., in melon 
in a considerable detail by Sir Tliiselton- 
dyer. But in the specimens he has described 
tlie seedlings were still wdthin the fruit and 
could not penetrate the flesliy and solid 
pericarp to find their way out. Only in one 
instance did he find a tap-root actually 
penetrating the solid parenchyma of the 
pericarp. Tlie cotyledons were green but 
the chlorophyll came uwt in ah^ohol very 
readily, and did not impart good enough 
colouration to the aleoliol. 


- Ind. J, Agri. ScL, 1931, 1, 445. 


Hyderabad^ / )vvca n . 



Fig. 1. 

Fruits — i occinia iiidint Viviparous Cicrujiiuuuiu. 


Viviparous g<‘rmina.(.ion has long Immi 
known in Maiiigroviss (Hhi:oyhontrav), and 
it often occurs in CHruR fruits, (Uivlva Papaya. 
Biptinycarpm tHuruh (Plplrrocarparw). lit r 
tliollatia Rxedsa {Lcrllhydavvw), td<‘. Bill 
far as w^e are awar(‘, ca,s(‘s 1 kiv(* not hmoi 
recorded in whi(*h Gu' s(M‘dlingH \v(u*e so woll 
developed as in this cas(‘ ; Gie shoot eoiin^.v 
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Letters to the Editor. 


The Photo-dissociation of Single Crystals of 
Potassium and Sodium Nitrates under 
Polarised Light. 

In a previous communication^ by Mr. Guba 
and one of us it was suggested that the well- 
known absorption bands of inorganic nitrates 
in the iiltxa-violet, having their long wave- 
length limits at about 350 m/x and 230 m/x 
respectively, may be attributed to the 
following ijhoto-dissociations : — 

NO'.^ N0'..+0 (^T)- 81 kilocals. (350 m^) 

NO '3 -> -124 kilocals. (230 m/x) 

The observation with single crj^stals of 
KNO 3 , IsraN 03 , etc., in which the 

NO '3 ions are all oriented parallel to one 
another, that both the absorption bands 
are strongly polarised, the ordinary rays 
being absorbed much more strongly than 
the . extraordinary rays, was interpreted as 
indicating a corresponding difference between 
the photo-dissociative activities of the two 
rays. 

We have recently made some experiments 
on the photo-dissociation of solid inorganic 
nitrates, particularly with a view to testing 
the above conclusions. The following are 
the main results obtained : — 

( 1 ) All the nitrates studied, namely those 
of K, Na, NH,, Sr, Ba, Al, Cd and Pb, 
showed definite dissociation under the action 
of light (from a quartz mercury lamp) of 
wave-lengths shorter than about 250 mfji 
(region of the stronger absorption band); 
as tested by the formation of nitrite. The 


1 Cw'T. ScL, 19-13,2. 470; Proc. Ind. Acad. Sc. ^ 
1934, 1, 242. 


actual long wave-length limit of the photo- 
active region of the spectrum was not de- 
termined. 

( 2 ) The dissociation appears to be confined 
to a thin surface layer of the crystal, about 
20 p, thick. The absence of permanent 
dissociation in the interior is attributable 
to the recombination of the products of 
dissociation. 

(3) Experimenting under linearly polarised 

light (obtained by passing the light from the 
arc through a quartz double-image prism), 
with single crystals of KNO^, and 

NaNO^, it was found that the dissociation 
is much greater when the electric vector of 
the exciting light is in the plane of the 
]SrO '3 ions (ordinary ray) than when it is 
along the normal to their planes. 

(4) KCIO 3 crystals also show a similar 
anisotropic photo-dissociation. 

K. S. Krishnan. 

L. K. Narayanaswamy. 

210, Bowbazar Street, 

Calcutta, 

February 25, 1935. 


Absorption Spectra of Sulphur- Chlorides and 
“Oxychlorides in the Vapour State. 

In continuation of previous work already 
reported,^ it was found necessary to study 
the absorption spectra of the series of com- 
pounds— SCI,, S,C 1 „ SOCl, and SO, Cl,. 
This w'ork is how complete and we present, 
a summary of the results obtained. 


^ C'W'r. Sci., 1934, 2, 433. 


Substance 

A 

B 

c 

D 

a 

1) 

a 

h 

c 

a 

h 

c 

a 

b 

! c 

SCI 2 

5825 

5165 ? 

1 4550 

3860 

3700 

2770 

2610 

2450 

2350 

2280 

2260 

S 2 C 12 






2770 

2580 

2390 




SOC 12 






2900 

2450 

2400 




S 02 C 12 









2600- 

d 

0 

0 

lUOUS 


a gives the beginning, h, the maximum and c, the end of absorption in wavelengths (A. TJ. in air). 
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The data- for the last three siibstanees are in 
reasonable agreement with those obtained 
in their liquid states.- It is seen that all 
the first three compoimds sliow an absorption 
band in region C. In every case the band 
is very strong. The maximum of the band 
is not constant but shows defimte shift 
from compound to compound. These and 
other considerations rule out the apparent 
possibility of the band being due to a com- 
mon impurity. On the other hand they 
indicate that this absorption is to be connected 
with the common link, ri::., the p-;p linkage 
between S and Cl, which all these molecules 
possess. The absorption spectrum of SCI. 
is analogous to that of OCL.'^ The slight 
maximum in the region A at 5165 is doubtful 
and may after all be fortuitous, due to 
reflection losses in the intensity of the con- 
tinuous beam. If this is so, region A is just 
a continuation of the absorption in region 
B brought about by increase in pressure. 

Very often absorption bands due to SO^ 
present theniselves in the spectra of all of 
these molecules but they can be avoided 
with due precautions. The general appearance 
of these bands on the plates is not always 
the same and varies with different pressures 
of the vapours of the accompanying mole- 
cules. Actual nieasurement, however, T)roves 
that these bands are due to SO... In parti- 
cular the hand system referred to in our 
previous communication is noAv definitely 
traced by us to SO,. Details will be pub- 
lished shortly. 

B. K. Asundi. 

E, vSamuel. 

Physics Laboratory, 

Muslim University, 

Aligarh, 

March 13, 1935. 


On the Ratio of the Temperature Coefficients 
of Surface Tension and Density. 

‘‘Measurements have shown that . . . .there 
is marked parallelism between the tempera- 
ture coefficient of surface tension . . . .and 
the coefficient of expansion. The greater 
the latter, the greater also is the decrease in 
surface tension per degree, P.nd the ratio 
temperature coefficient (of surface tension) 

coefficient of expansion 
is approximately the same — between 2 and 3 

2 Zeitfar Physikalische Ghemie (B), 1931, 14, 
219. 

3 Ibid., 1931, 15, 127, 


— for a very large number of liquids.”^ ISTo 
formal proof of this observation appears to 
have been put forward so far. A. simple 
proof based on Laplace’s theory of Capillarity 
is therefore given below. 

Laplace assumes that the range of mole- 
cular forces is the same for all bodies and 
that at equal distances the force is propor- 
tional to the density of the substance, thus 
implying that the function ijj {z) is the same 
for aU bodies.- This hypothesis, though 
leading to results incompatible with ex- 
periments on interfacial tension, can how- 
ever be assumed to nold for the same liquid 
at different temperatures. From Laplace’s 
theory we obtain for the surface tension, T, 
of a liquid that 

CO 

T=ia-Jz>li(z)ds .. .. (a) 

0 

where a is the density of the liquid. Assum- 

co 

ing, by our hypothesis, that f zilj{z)d.z does 

0 

not vary with temperature, 0, we get 


oo 



Dividing (b) by {a}, 

T de 

1 da 
a dd 

which proves that the required ratio is equal 

to 2, because ^ ^ , where v is the 

^ a dO V dd ^ 

volume of the liquid. This ratio obtained 
by Laplace’s theory is in close agreement 
with the experimental observation tliat it 
lies between 2 and 3. 

The fact that the observed value is always 
greater than 2 is significant and can be 
accounted for by assuming that, ijj (z) re- 
maining the same, the range of molecular 
attraction, c, varies with temiieratnre. It 
follows that 



^ Surface Tension and Surface Energy by 
R. S. Willows and E. Hatschek, 1915, p. 7. 

2 Vide Properties of Matter by J. H. Poynting 
and J. J. Thomson, 1922, p. 179. 
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because 



0 


PTenee 




c 


1 dT 

Td'e 

1 da 
add 


== 2 


1 + i' 


add 



—2 ( 1 + e) 

where, according to the experimental results, 
0 < e < h When £=0, it means that 


r^+% 

J zijj(z)dz == 0, 


and hence ^ =0, or there 
dd 


is no variation of c with temperature. But 
when €=i, 

c+%d6 

f 

/ zifiOds 
c 1 

a dd 


J zi/j(:z)dz 


L. SiBAIYA. 


Department of Physics, 
Central College, Bangalore, 
February 26, 1935. 


Anomalous Magnetic Rotation of 
Uranyl Nitrate. 

In continuation of the work on magneto- 
optical rotation^’- we have made at the 
suggestion of Prof. S. S. Bliatnagar, some 
observations on this property in the case of 
uranium salts. It lias been observed that 
uranyl nitrate shows a negative Faraday 
effect. The molecular magnetic rotation 
value is 5-2, assuming that of water to be 1, 
and it is constant over a wide range, of 
concentration. 

All known substances showing a negative 
Faraday effect with the excexition of titanium 
chloride are paramagnetic (though the con- 
verse is not true). The result obtained is 
of particular significance in view of the 


^ Bhatnagar, Mathur and Jain, Ind. J, Phys., 
1930, 4, 503. 

^ Bhatnagar and Kapur, J. Jnd. Chem\ Sog., 
l934,9, 767. 


fact tliat this is another substance which in 
spite of being diamagnetic like titanium 
chloride shows negative rotation. In tlie 
formula of Ladenberg'' and others^ for the 
Faraday effect there exist two terms, one 
whicli covers the case of diamagnetic part of 
the molecule and the other the paramagnetic 
part. This anomalous effect may be attri- 
buted to the influence exercised by the 
paramagnetic term of these formulae.. Further 
work is in progress and the results will be 
communicated shortly. 

P. L. Kapur. 

Mulk Raj Verma. 
University Chemical laboratories, 

University of the Punjab, 

Lahore. 


The Optical Rotatory Dispersion of a- and 
^-Pinenes in the Ultra-Violet. 

In our previous work"' it was found that the 
oiJtical rotatory dispersion of a-pinene 
till = 3000A could be satisfactorily express- 
ed by a single term Drude's equation of 

the form value of the 

characteristic frequency \ being 1900A. 
This value is in satisfactory agreement with 
absorption spectrum measurements of a- 
piriene in the vapour state.'' Oiir measure- 
ments on the rotatory dispersion of jS-pinene 
till A = 27SIA, which will be- published 
shortly, also indicate the absence of any 
maximum on the positive side of its 
rotatory dispersion curve. These observa- 
tions are in contradiction wuth those reported 
by Servant/ according to whom both a- 
and ,S-pinenes in dilnk^ alcoholic solutions 
attain maximum values in the region 
A = 2800 a. ■ Our measurements liad been 
made on the pure liquids without the use 
of any solvent, but since a solvent effect 
of such magnitude seemed imx:>robablc in 
these cases ^ve measured the rotatory disper- 
sion in alcoholic solutions at approximately 
the same concentration as was used by 
Servant. In both cases our previous observa- 
tions have been confirmed because no 
anomaly has been noticed till the limit of 


^ Ladenberg, Zeii. /. Phys., 1927,46, 16S. 

4 Rosenfeld, Zeit.f. Phys., 1930. 57, 885. 

5 J.A.C.S., 1035, 57, 334. 

^ Stark, Sbeubing, Einldaar and Lipp, Jahrb. 
Badio activieiat, 1913, 10, 130. 

■ Servant, Cornet. Read., 1932, 194, 368, 
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transmission A = about 2G00 a, The absorp- 
tion ot j8-pinene wliicli had not previously 
been measured was found by a Hilger’s 
''Spekker’’ spectrophotometer to be neg- 
ligible till A — 2350 a. Moreover, if it is 
postulated that the anomalous rotatory 
dispersion of ^-pinene in the visible spectrum 
is a superposition effect of two rotations of 
opposite sign and unequal dispersion, it will 
be very difficult to ^ explain the second 
anomaly at A — 2800A in the absence of 
an absorption band in that region. These 
observations coupled with the fact that 
the specific rotations, so far as they can be 
calculated from the data given by Servant 
in his paper, are considerably below those 
usually ascribed to a- and /3-pinenes in the 
literature w'ould seem^ to suggest that the 
anomaly at A = 2800 a is not characteristic 
of the pure substances. 

R. Padmanabhan. 

S. K. Kulkarni Jatkar. 

Indian Institute of Science, 

Bangalore, 

’February 13, 1935. 


Pasteur’s Principle of Molecular Dissymmetry : 

The dexlro- and Camphoric Acids. 

According to Pasteur’s principle of mole- 
cular diSsSymmetry, enantiomorphous mole- 
cular configurations must possess the same 
total energy. They must show similar 
mechanical stability and therefore have an 
equal chance of being produced. They 
must also possess identical scalar properties 
such as density, viscosity, solubility, refrac- 
tion, dispersion, and Raman frequencies. 
But they must differ in those physical 
properties which are of the directional 
(vectorial) nature, such as, for example, 
direction of rotation of the plane of polarisa- 
tion of polarised light, nnsymmetrical dis- 
tribution of the hemihedral facets in the 
crystal forms and also in the enantiomor- 
phous distribution of pyro- ' and piezo- 
electrical polarity. The magnitude of these 
vectorial properties is, however, identical 
for the enantiomorphous forms. These 
results foUow from classical mechanics. On 
the other hand, according to wave-mechanics,^ 
the dextro- and Zeuro-form of a compound 
differ in energy and rotatory power although 
perhaps only to a very slight extent. The 


same view Avas also expressed by Campbell" 
based on rather arbitrary assumptions regard- 
ing association in racemates and optically 
active compounds. 

In support of the latter view, A. R. Canip- 
be]P alleges to have produced evidence 
that the d- and Z-camphoric acids are not 
identical in their physical properties. In 
anticipating the criticism which miglit be 
brought forward that his materials were 
not pure, he has taken elaborate pains in 
giving a detailed statement of the methods 
of preparation and purification of the two 
camphoric acids. But Pasteur’s law of mole- 
cular dissymmetry is too fundamental to be 
dismissed by a few isolated observations. 
It seems impossible that the d- and Z-forms 
of a compound could be other than an object 
audits non-superposable exact mirror image, 
agreeing precisely in every detail of structure 
and of properties except those of a vectorial 
nature which differ in sign but otherwise are 
identical in the numerical magnitude in all 
cases. Moreover it should be borne in mind 
that the wave-mechanics of rotatory polarisa- 
tion is, at present, in a rather unsatisfactory 
condition. 

With the object of testing the validity 
of Pasteur’s law as regards the equality in 
the numerical value of the rotatory power 
of the opposite active forms, an extended 
series of investigations on the rotatory 
dispersion of the enantiomorphous forms 
AA^as undertaken in tliis laboratory since 
1926. The results of this work, wliich have 
gone to confirm Pasteur’s law in an unequi- 
vocal manner, have been reported in several 
communications . 

In order to remove the above-mentioned 
discrepancy in the equality of the value of 
the rotatory power of dextro- and Iwvo- 
camxffioric acids, the writer has re-examined 
their rotatory dispersions. Particular care 
was taken in following Campbell’s methods 
of preparation and purification of these two 
acids for obvious reasons. Whereas Camp- 
bell found that the rotatory x)owers of 
hrvo-ioTm were systematically loAver than 
those of the dextro- for three wave-lengths 


2 Nature, 1929, 124, 792. 

2 J. Amer. Chem, Soc., 1931,53, 1601. 

^ B. K. Singh and B. Bhaduri, J, Indian Chem. 
Soc., 1930, 7, 54, 771. ; Trans. Faraday Soc., 1930, 
26, 347; B. K. Singh, H. P, Basu-Mallik and B. 
Bhaduri, J. Indian Chem. Soc., 1931, 8, 95 ; B.K. 
Singh, B. Bhaduri and T. P. Barafc, ibid., 1931, 8, 


^ Gr. Temple, Trans. Faraday Soc., 1930, 26, 272. 
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investigated, it is now found that the rotatory 
dispersions of deairo- and la?V(f-torim of 
camphoric acid, are identical for 10 wave- 
lengths (A — 4358 to 6709). These results 
are given in Table I from which it can be 


seen that the values of the rotatory power 
of dextro- and Zoe^o-forms are identical 
within the experimental error. A more 
detailed account of this work will appear 
elsewhere. 


Table I. 


Specific Rotation of d- and ]-Gampfwnc Acids in Ethyl Alcohol at 36"^ C, 
(Length of tube — 2 dcni.) 


[a] 


Line 

Form . . 

(iextro 

ll€VO 

dextro 

hevo 

dextro 

lod'O 

dextro 

Icevo 

dex t ro 

ItEVO 

C one. . . 
g/100 c.c. 

1-2533 

1 -2526 

3*2467 

3-2473 

5 -2530 

5-2500 

7*2500 

7-2507 

9-2500 

9-2480 

P?4358 .. 


+ 98-94° 

-97-40° 

-1-96-15° 

-95-62° 

+ 94-41° 

-94-87° 

+94-37° 

-94-76° 

+93-30° 


A«5086 .. 


70-61 

70-70 

66-66 

66-99 

66-24 

65-92 

66-00 

65-93 

65-21 

-65-23° 

h|5209 .. 


65-83 

66-26 

63-46 

63-33 

62-63 

62-86 

62-40 

62-50 

62-03 

61-99 



59-44 

59-08 

56-84 

56*83 

56-35 

' 56-19 

56-21 

56-12 

55-40 

55 -46 

145469 .. 


59-04 

59-08 

56-84 

56-82 

56*15 

56-19 

55-86 

55-78 

55-49 

55-41 

“f5780 .. 


51-46 

51-89 

49-90 

49-89 

49-68 

49-71 

49-38 

49-38 

48-91 

49-08 

t- 5892 .. 


49-87 

50-30 

48-07 

48-20 

47-79 

47-80 

47-44 

47-38 

46-95 

47-02 

^^6104 .. 


45-47 

44-71 

44-51 

44-66 

43-97 

44-15 

43-79 

43-65 

43*71 

43-78 

^6438 .. 


41-09 

41-52 

39-67 

39-42 

39-41 

39-44 

39-03 

39*24 

39-06 

38*97 

6709 .. 


37 -.50 

36-32 

36-22 

36*19 

35-98 

35-82 

35-72 

35*60 

35-62 

35-56 


The Chemical Laboratory, 1 

Eavenshaw College, Cuttack, > Bawa Kabtar Singh. 

March 8, 1935. J 


The Diamagnetic Susceptibility of 
Water Polymers. 

Determination of the magnetic suscepti- 
bility of water at different temperatures 
by several workers has established that 
the temperature co -efficient of susceptibility 
of water is positive ; there is, however, 
not much numerical agreement between 
the actual values deduced for this co-efficient. 
The results of Cabrera and Fahlenbracffi 
seem to indicate that for water between 
0°C. and 120°C., the temperature co-efficient 
is constant and has a value equal to 
-fl-lS X Assuming the values for 

the relative abundance of the different 
polymers in water at various temperatures 
given by Eamakrishna Eao“ from Eaman 
spectrum data, we can compute the suscepti- 
bilities of (H^O), (H,0), and : 

X(HoO) = 1 -0744x00 = 0 -7755 X lO'® 

X(noO)o -= 1 -0006x20 = - 0 -7222 x 10‘" 

X(H2 0)3 = 0-9716x2, = - 0-7013 X 10 '^ 

1 Zeits.f, Physik> 1933, 82, 759-764. 

2 Proc. Roy. Soc., 1934, 145, 506. 


A value of — 0-7218 x 10"*’ has been assumed 
for from the experimental values of Auer. 
The above results for the three hydrols 
have been calculated by assuming the 
constitution of water at I'^C., 38°C. and 9S°0. 
The calculated susceptibility of water at 0°C. 
by using these values for mono-, di- and tri- 
hydrols is —0-7199 x 10"^*', while the 
observed value is — 0 -7201 x 10“°. This is in 
itself a striking agreement. Using Eama- 
krishna Eao’s data for ice, the computed 
value for the susceptibility of ice works out 
to be — 0-7080 x 10“°. If it is assumed 
that water vapour consists mainly of mono- 
hydrols, its specific susceptibility Avill be 
nearly — 0-7755 x 10“°. But ‘'the vapour 
density of steam is rather too great for the 
molecular formula H^O and much too small 
for It is therefore assumed that 

steam contains a mixture of H.,0 with a few 
molecules, and that the equilibrium 
condition for water vapour, (H 20 ) 2 :^ 2 (TI^ 0 ), 
corresponds with 91 per cent, of II 2 O mole- 
cules in the vicinity of 100°C.”" Computed 

2 Modern Inorganic Chemistry by J. W. Mellor, 
1922, 153-154. 
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on the basis of these assumptions, the 
susceptibility of steam at 100°C. is 
— 0*7674 X 10"'’. The experimental results 
of Auer^ show on the other hand that the 
temperature co-efficient of susceptibility of 
water is not constant and is itself a function 
of temperature.''’* A recalculation of the 
above values is not possible on account of 
the insufficiency of Auer’s data. 

The fact that the values of susceptibility 
of H,0, (H,0), and (H,0)3 should go on 
diminishing ""seems to be in itself significant. 
It has been shown by Eamachandra Rao 
and Varadachari'* that the various hydrates 
of like H,SO,. H.O, etc., show a 

decrease in diamagnetic ^susceptibility as 
eompiited from the additive law. Thus if 
SO/" ion is substituted by O"" ion in H^SO^ 
hydrates, we obtain the water polymers ; 
the decrease in diamagnetic susceptibility 
resulting from polymerisation in water is 
seen to be consistent with the observations 
on the hydrates of sulphuric acid. The 
percentage deviation from the mixture law 
is about 10% iu and about 7% in 

(H^O)^ ; the order of deviation in sulphuric 
acid hydrates varies from 3 to 4 per cent. 

From measurements on the variation of 
density of water with temperature, Suther- 
land^ has concluded that water consists 
mainly of (H^O)^ molecules, whereas (B.,0)^ 
molecules predominate in ice. He has sug- 
gested for these molecular aggregates the 
following graphic formulse : 


II 


II 




0 = 0 





monoliydrol diliydi’ol 


II 

Ho 

triliydrol 


Briihl considers that monoliydrol is an 
unsaturated compound with quadrivalent 
oxygen. According to the above structural 
formula?, it is clear that while the oxygen 
atom is divalent in monohydrol, it becomes 
quadrivalent in di- and tri-hydrols.*^ The 
change in valency is attended by a 


^ Aim. d, Physik, 1933, 18 , 593-612. 
s Auer’s values of the temperatures co-efficient 
of susceptibility (a) at various temperatures (0°C) 
can be satisfactorily represented by the empirical 

16*4 

formula: a X 1Q^ = Q»35-|- ...... , ^ 

6 Curr.Sci., 1934,3, 250. 

. 7 Phil, Mag,, 1900, 50 , 460. 
s It is assumed by some that the oxygen atom 
in carbon monoxide is also quadrivalent, i.e.,C=0. 


corresponding change in diamagnetism and 
we therefore observe that in passing from 
mono- to di-hydrol the deviation from the 
additive law is more than 7 %. But as we 
proceed from dihydrol to triliydrol where 
there is no change of valency, the deviation 
is less than 3%. 

From the values obtained for the mono-, 
di- and tri-hydrols it is seen that each 
particular type is by itself diamagnetic. 
Since diamagnetism shows no A^ariation with 
temperature and the additive law liolds in 
general for diamagnetic liquid mixtures, 
we cannot possibly ascribe the temperature 
A’^ariation ot susceptibility of Avatei to any 
other cause except the variation in the 
relative abundance of the polymers at diher- 
ent temperatures, each being 

assumed to have a piarticular value of dia- 
magnetic susceptibility which does not vary 
with temperature. 

I thank Mr. B. Nagesha Bad, Bost- 
gTaduate student, for checking my calcula- 
tions. 

L. SiBAIYA. 

Department of Physics, 

Central College, 

Bangalore, 

March 4, 1935. 


Free Phenolic Group in Lignin (Evidence 
from Action of Chlorine Dioxide on Aromatic 
and Aliphatic Compounds). 

The behaviour of a few organic compounds 
with one or more free phenolic OH, towards 
chlorine dioxide (to give simple aliphatic 
acids) has been utilised by Schmidt and 
co-workers’^ as well as by Fuchs and Honsig- 
as an argument for assuming the presence of 
a free, phenolic OH group in lignin which 
behaves in a similar way. 

The action of CIO.^ on 20 aromatic com- 
pounds with free phenolic OH has been 
tried and it has been found that all of them 
Avere readily decomposed. But Avhen the 
phenolic groups were protected either by 
metliylation or acetylation, the resulting 
products also reacted with CIO, but less 
readily. Acetylated or methylated lignin 
behaves similarly. Aliphatic OH in the 
side-chain is also susceptible to the oxidising 
action of CIO^ and the action is less vigorous 
when it is methylated or acetylated. 


^ Ber., 1925, 58 , 1394. 
2 Ber., 1926, 59 , 2850. 
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As lii>iiiii conlu.ins bcyoiul doubt;, more t.luiii 
on(‘ nu'thoxy yroiq) abtaclu'd to tho bonzciio 
rill, If, it^ is (divioiis that Ibo I'iWit that it is 
iM'Icd upon by ('IO„ doi^s not in any way 
prov(‘ tlH> (>\-istcnc(Cor aroinaHo OH ‘in tli'o 

II has a.ls() h(‘(Mv ()])S(n'V(Ml tliat the only 
sul)st t'haii. inailu^s tlu^ bcaizene eoin- 

jXHiiuls st4iJ)l(‘ towards (dO^, is tlie carboxyl ; 
all otlua's aitdaiCkcHl inor(^ or less easily. 
I'A(Mi l()lu(ai(‘ a.nd xyhaK's ar(‘ oxidised by 
this r(‘a.i‘’(ait. di-oxyniet-liyhau^ ^roup, 

ho\v<‘V(a*, lais Ixxai round tio be (piite 
r(‘sista4it. towards (hO.,. 

PUIJN Ul<U!AUl SARKAR. 
I)<‘l)a.rt.nuMit. of (luuuist.ry, 

Daiceai njiiv(U'sity, 
r/aHHarjf 2b, 1025. 


Funieless Digestion of Nitrogen. 

h^STi MAMMON of Jiitrogen is perhaps tlie most 
im[>orta,nti itauu of procedure in modern 
ch(‘ini<ail a.na lysis, over a million determi- 
nations annua, lly carried out by those 

in sc.iimtitic research alone. The esti- 
imitions a.re usually (*aiTied out according to 
oiH^ or tih(^, other of the several rnodihea- 
t.ions of the Kjeldahl metliod,' and involve 
prolong(‘d dig(‘stiou with concentrated sul- 
{)huri<^ aadd — an operation which is attended 
by (unission of objectionable acid fumes. 
Som(‘. r(‘<amt- work(n'S“'‘' have suggested that 
t.ln^ r(‘sidu(‘. a,ft(‘r W(^t combustion of carbon 
can bci distilhu! a-s such for nitrogen, but 
smdi a, proc(Mlure, especially in the case of 
soils and ot.her l)iol()gical materials, leads 
in va,ria,l)Iy to reteut,ioii of nitrogen in the 
dig(‘st;, a,ud <*.onse(|uently, low and inconsist- 
(Uit. (*sl,inia,t,<*.s Ixdng ohta,ined. 

A syst4‘ma,t;ic. (unpiiry into the various 
facd.ors r(‘la,ting to t-lnt dige>stion lias shown 
th('. following: — (a) the (conversion of or- 
ganic. nitrogtm into amnioniai proceeds more 
ra.pidly in pr(vs(mc,e of small amounts of 
wal(‘r c.ombiiual with an oxidising agent 
( pr<‘f(‘.rably (diromic acid) than with con- 
('(‘nt.ra,tcd sid])huric acid aloiu^. In the case 
of soils, a, mix l ure of sulphuric acid and 
wa.t(u* in the proportion of 2 to 1 yields the 
b<‘s(, n^sults, the entire digestion being com- 
pl(d,<^ in 20 mins. Jluririg digestion, the pro- 
portion of acid to water has to be maintained 

^ Kj^Ulahl, Z. (uiaL Chem., 1SS3, 22, 360. 

~ Aniha'son and Schutte, J. Biol, Chem,, 1924, 
61 , r>7. 

Brown, Ind. JEng. Chem,, 1927, 19, 629. 


constant, so it would be necessary to fit 
the digesting flask with an air- or water- 
cooled condenser, (b) The digesting mixture 
re(]uires only a low dame and does not 
bump, so the long-necked (Kjeldahl) flask 
generally used for the purpose can be 
dispens(jd with. In fact, both the digestion 
and the distillation can be conducted in the 
same ilask. (c) The minute quantities of 
nitrogen still retained in the digest can be 
easily reh^.ased by addition of small amounts 
of zinc just pi'ior to distillation with alkali. 
Metallic aluminium or Devarda’s alloy can 
ahso be us(3d for the purpose, but their 
action is a little too vigorous, and causes 
alkali spray to pass over into the distillate. 
(d) In the case of materials containing 
cldorides, it would be necessary to add a 
small quantity of mercuric or silver sulphate 
to the digesting mixture, for, otherwise, free 
chlorine will be formed and nitrogen will be 
lost in the elementary form. If the sub- 
stance (c.^., soil) contains nitrate, the latter 
should first be extracted with water pre- 
ferably in presence of a suitable llocculant 
such as calcium sulphate. The residue is 
digested in the usual \vay and the digest, 
together witli the extract containing nitrate, 
distilled with zinc and alkali, in the manner 
outlined above. 

A simple method embodying the above 
principles lias been developed and applied 
successfully to the estimation of nitrogen 
in soils. The procedure is also being extend- 
ed to other biological materials and to 
nitrogenous substances in general. Attempts 
ai’c also being made to combine the above 
metliod with that for tlie estimation of 
carbon'^ so that both the determinations can 
be carried out on the same samide. 

Y. V. Narayanayya. 

V. SUBRAHMANYAX. 
Department of Biochemistry, 

Indian Institute of Science, 

Bangalore, 

March~12, 1035. 


The Occurrence of Choanepliora 
(M<m}l)ltanim (B. & Rav.) Thaxter on 
CassUo Tara Linn. 

In vSeptember 1934 our attention was drawn 
by Prof. B. Salmi to a dead shoot of Cassia 
Tora infected by the white mycelial hyphjB 


4 Subrahmanyan, Narayanayya and Bhagvat, 
J. Indian Inst. ScLj 1934:, 17A, 197. 
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of Ckomiepliora (nicurbUarn'tti. BoHi spo- 
rangia and conidial lieads ot‘ tlio usual f-ypo 
were noticed. A large number of atypi(*al 
triangular sporangiospores were found wliich 
bore clusters of very line radiating append- 
ages at the ends. hTo zygospore stage was 
found. 

This species has been mentioned to oca.uir 
on the fading flowers of quite unrelated 
plants such as HihiscuFi^ GosiiyplmH j 

Capsicum and a number of Cucurbitac(‘.ous 
plants.*! 

The fungus has been said to be a parasite. 
But our preliminary observations tcmd to 
show that it can also lead a vigorous sa])ro- 
phytic life. An examination of a number 
of healthy plants of Cassia Tora infected 
with (7. cuGurhitarum did not imuurl tlie 
existence of the parasite in a number of 
plants examined out of a great fon^st of 
them. But the fallen twigs and leavers 
where there was plenty of moisture were 
mostly found infected with the fungus. 
This fact has raised doubts in our minds 
whether it is an obligate parasite at all. 
A single inoculation on the stem and leaves 
of the vigorous plants did not give any 
satisfactory results. Inoculation experiments 
will be repeated in the next rainy season 
when the weather conditions are favourable. 

H. P. Chowdhuuy. 

E. S. Mathuu. 
Department of Botany, 

Lucknow University, 

February 25, 1935. 


Observations on the Systematic Position of 
Ficus Krishnee growing at the Royal Botanic 
Garden, Calcutta. 

One of the trees of Ficus Krishnw C. d(i 0., 
growing for more than thirty-two years in the 
nursery of the Eoyal Botanic Gardcm, 
Calcutta, developed what may be called a 
bud mutation\on one of its branches — about 
five years ago — as shown in Fig. 1 . 

The broad hat leaves like the leaves of 
Ficus hengalensis are the mutated lcav(vs. 
The rest are all cup-shaped normal leaves 
of Ficus Krishnee. 


H. M. Fitzpatrick, The Louer PhycomuceteSi 
1930, pp. 259, 262. 

I Dastiir, J. P., Choanephom cucurtitanmi (B. & 
Bav.) Thaxter on chillies {Capsicum Ann. 

Bot, 1920,34,399. 

1 Biswas, F., “ Bud Mutation,” Nature, 1932, 

130 , 780. 



Fig. X, 


Mutated branch of Firris /Cns/ina'. 


- Brain, I)., Curtis' liolanlcal Mayuzhic, 11 ) 06 , 
2, Tab. 8092. 


ChuMuinatiou (vxjXM’inKoU; from the* sccmIs 
of Fleas Krishna* shows only about 10 per 
cent. brcMMling true, (h(‘ nsst, uhoul. 90 p<*r 
cent., are. of th<^ (■yp(' of Ficus brngalaisis 
L. But wluai Ficus KrlshuiV is propagated 
from (jootics or cuttings of Ficus KrlsIuKV 
th(‘. dauglil.(U‘ phint lu^airly always bt^ars 
hy[)oas(vi(li-fonn h^avass of tiu‘ motiHU' plant. 
Tliis Ficus KrlshiKC which has (‘xhil>it(Ml 
bud mutiatioii wa.s iiit.ro(lu(‘(Ml during the 
last d(‘(‘.aid(‘. of t nin(t.<‘(‘nt h (Msit ury in 

th(^ Boyal B<)tiajii(‘. from cut tings 

secimnl from aiUotlnn* phmt. of Fi(n(s KrislDur 
growing in. a» privniti^ gairdtm in t h(‘ neighlxnir- 
liood of tli(^ (hhaittai liotajii". (hiirdens. Tln‘ 
plant was nuinunl by (■. <lo (hmdollc' in 1901 
as a se'.pa.rat(‘ sjxM'h^s. Th(‘ Indian view is 
tliat it is ai modili(nl ganhm varidy of 
Ficus bcngaliuisis. It, is from this ganhm 
that cuttings wen^ s(nd. t.o (■. d(‘ (hndolh* 
at Chnuwa UiIhI to K(‘vv— sonndlme in 1900 - 
1901. TJu‘. }>la;nt was sin'c.iNSsfulIy grown in 
the tropical, ]ious(‘. at tlu^ K(‘W (lard(ni wiiieh 
produced r(Huq)ta,el(‘. for tlu^. lirst. t.im(‘ in 
1905.“ Prof, irans Molisch who happimed 
to pay a visit to the Chlc/utia Bot,a-nic Garden 
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in 1929'’ (*.<)nsi(l(n’s Ficus KrishuKC a niutation 
(>r Ficus boKjalcnsls. Furtlu^r he remarks 
tlial- if (h <h‘ ('a-ndolk^ would have seen this 
niui.ation on this tve(‘ {.Ficus Krishnw) at 
the Ivoyal l>()tanic (jar(l(ui, (kileutta, lie 
would not liav(^ takivn. it as a separate species. 
Ihm/diA' nuuit.ions tihat vsoine authors eonsider 
t.h(‘s<^ h(^a=k(M’-lik(‘ Hypoaseidien” leaves 
aibnornuil fonns.^ (lenuination of the seeds 
a,nd doral stnu'turivs of Ficus hengalensis 
a.nd Fhuis Krlshuu' hardly exhibit any 
va.ria,tion b(‘t\v(Mvu tlu‘. two. 



Fig. 2. 

Seedlings of Ficf/x Krishna' developing like the 
seedlings of Fkiis bctc^alcnsis. 


''riu‘ <li(li(udt.y is, as Sir David Prain notes, 
(ha4. \v(‘ do not know the history of the 
panmt t.ree in the neighbourhood of the 
KoyaJ Bot.ani(*- Garden — from -which the 


1 



Fig. 3. 

Young plants of Fiens Krishn<c grown from gooties. 


Molisch, IL, xlZs Naturforscher mindien, 1930. 
^ Penzig, O., PJlauzeu-teratologie, 1922,3. 


plant was cultivated in this garden. This 
problem of mutation, therefore, may be 
solved by cytogenetical investigation. Purely 
cytological characters, as the late Prof. S. R. 
Kashyap’s preliminary examination proved, 
may not be quite dehnite to solve the problem 
of such reversion."’ Ficus Krishnai belongs 
to the section UrosUgma. The writer con- 
siders, on the ground stated above, tha^t this 
Ficus Krislinw is a horticultural variety of 
Ficus hengalensis. The anatomical charac- 
ters also exhibit normal fusion of tissues 
leading on to the formation of ^'Hypo- 
ascidien” leaves. 

K. Biswas. 

llirbariiim, 

Royal Botanic Garden, 

Calcutta,, 

February 20, 1935. 


The Morphology of the Bulbils of Globba sp. 

The morphological nature of the bulbils of 
Globba has been investigated by W. D. van 
Leeuwen and others. It is generally believed 
that among the bulbils of Globba certain 
species are found in which storage of food 
material takes place in root-tubers while 
in some cases there are storage rhizomes and 
‘the roots are not tuberous. The results of 
investigations on the morphology of the 
bulbils 'of Globba sp. carried out by me in 
this laboratory, however, strongly suggest 
that these appear to be highly metamorphosed 
fruit bodies. The following points observed 
support the above view : — 

(1) Occurrence and position in the in- 
ilorescence. (2) Relative position of the bud 
and the storage tissue {cf. similar monocot 
seed). (3) Presence of coatings round the 
storage tissue. (4) External appearance 
>similar to a normally developed ovary (fruit). 
(.5) Attainment of more or less the size by all, 
when mature. ((>) Growth while attached 
to the inflorescence in the manner of 
a viviparous fruit. 

The results of detailed investigations will 
be communicated in a separate paper. 

S. Ghose. 

St. Xavier’s College, 

30, Park Street, 

Calcutta, 

February 15, 1935. 


5 King, G., Ann. of the R. B. Garden, Calcutta, 
1888, 1. 
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Specificity of Parasitism by Eublemma 
amah ills. 

Mahbihassan’ states that Tmms and 
Chatterjee- suspected E. taeJiardue to be a 
beneficial insect and that he himself defi- 
nitely proved it to be a parasite of Euhlemma 
amabUis caterpillars . 

The Indian Lac Eesearch Institute began 
its work on the lac insect and on its parasites 
and predators in 1926 and during the last 
eight years many miles of lac encrustation 
and many thousands of E. amabilis larvae 
have been examined in the Entomological 
Department. Our investigations have proved 
E. tachardim to be a parasite of the lac 
insect L. lacca and in no instance has this 
species been found to be parasitic on 
E. amabilis. This view was first put 
forward by Gupta, Negi and Misra'^ in 1929 
who also record Maclimroia sp. as an alter- 
native host ; in the Institute Annual Beport 
for 1928-29 E. tacliardke is noted as a hyper- 
parasite of Bracon tachardice which is further 
confirmed by Gloverh"^ who states that 
E. tachardice is also parasitic on Maclmrota 
planitice and hyperparasitic * on Apanteles 
tachardice. Gupta and Hegi^ reconfirm these 
observations and add a further alternative 
host in Eolcoeera jmlverea, a lac predator 
(Misra and Gupta" in their paper on this 
predator quote a single instance only of 
parasitism of H. pulverea by E. tachardice) 
and record it also as a hyperparasite of the 
two lac parasites TacEarditephagus tachardice 
and Erencmius deivitzi. 

In addition, Misra, Negi and Gupta^ in 
their paper on E. amabilis make no reference 
to E. tachardice as a parasite of this predator. 

E. toxhardice as previously stated is hyper- 
parasitic on 31 icrobi^acon tachardice, Sijip 2 imAte 
of Euhlemma amabilis and we have frequently 
bred E. tachardice on 3Iicrobracon tachardice 
in the laboratory. In this connection, Gupta 


1 Mahdihassan, Curr. Sci., 1934, 3, 260. 

2 Imms, A. D., Cliatterjee, N. C., lud. For. 
Mem., 1915, 3, 1. 

3 Gupta, S. N., Negi, P. S., and Misra, M. P., 
Proc. Ind. Sci. Coyig., 1929. 

Glover, P. M.. Bull. Erd. Bes., 1930, No. 21, 3. 
2 Glover, P. M., A Practical Alanual of Lac, 
Cultivation, Calcutta, 1931. 

c Gupta. S. N., and Negi, P, S., Proc. Ind. Sci. 
Cong., 1933. 

■J* Misra, M. P., and Gupta, S. N., lyid. J. Agric. 
Sci., 1934, 4. 

s Misra, Al. P., Negi, P. S., and Gupta, S. N., 
J, Bombay Nat. Hist. Soc, 1930. 


and Negb' state “The CJialcid B. a-nnulicaudis 
is primarily an endoparasite of the lac 
insect, and an ectoparasite of the full-fed 
larvae, pre-pupae, and early pupae oiB. tachardice 
a parasite (of) E. amabilis larva. The 
Chalcid oviposits on the stages of B. tachardice 
only if covered with a cocoon.” 

Geriiet’s finding of E. amabilis and E. 
taclmrdice closely associated in dried stick 
lac in 1<S63 in Kiissia, which Mahdihassan 
quotes in his letter as an indirect support 
for his theory that E. tachardm is a parasite 
of E. amabilis y is of course equally in accord- 
ance with their true relationship, and one 
wonders whether Mahdihassan may not have 
been misled into mistaking a hyperparasite 
for a parasite. 

The “glaring statement” made by Glover^’^ 
and repeated by Glover'^ of “having found 
it (E. tachardice) inimical to lac itself” is in 
fact no more than the truth. 

Mahdihassan, to use liis own words, after a 
thorough survey of the Cocoid fauna of 
Bangalore, states: “There is no danger to 
the lac insect in its common enemies having 
alternative hosts . . . .for such an enquiry, . . . 
gave at every step a negative- result . . . .and 
(led) to specificity of parasiticism ” and lie 
criticises Glover^ whom he quotes, “Several 
(lac parasites) are suspected of parasitising 
also insects other than lac ... . the alternative 
host forms a convenient breeding ground for 
the parasites.” Further research has however 
fully justified Glover’s statement, tlie 
following being concrete examples : — 

Eupelmus tachardice^ parasitic on Lacdfer 
lacca, alternative host Alachcerota plan- 
itice — Gupta, Negi, Misra*^ and Gloverh 
Tetrastiehus purpureus, parasitic on Lacdfer 
lacca, alternative host Aspidiotus orien- 
tails — Glover. 

31 arietta jaixusis Parasitic on Lacdfer 
Syn. lacca, alternative host 

(31 icroterys hautfeulli Aspidiotus orientalis 
Mahd?) —Glover.'^ 

The generic name Lahshadia used by 
Mahdihassan is not recognised by Chamber- 
lin^^ an authority on the Lacciferidce or lac 
insects, and should be abandoned in keeping 
with the rules of zoological nomenclature ; 


^ Glover, M. P., Ind. Lac. Res. Inst. Bull., 1934, 
No. 21. 

^0 Glover, P. M., Ind. Lac Res. List. Bull., 1933, 
No. IG. 

Chamberlin. J. C., Bxdl. Ent. Res., 1925, 

■ No. 16.. 



March 1935 ] 


CtJMENT SCIENCE 


427 


of Laccifer mysorensis (Malidiliassan’s 
Lal'sliadia ryiysorensis) lie says, ‘'It seems 
possible that this form is racially or sub- 
spechically distinct from lacca.'' 

The latter part of Mahdihassan's letter 
indicates that Fj, amabilis is monophagus or 
at least conhned to species of the Genus 
I-aeoifer, The behaviour of females of mono- 
pliagus insects of ovipositing only on the 
host on which the progeny can feed is too well 
known to merit his further comment. 

In examining lac samples at this Institute, 
not a single one has been found free from that 
attack oiE. amabilis^ the degree of infestation 
has of course varied considerably. The 
liability of lac to attack by this predator 
does not, according to our experience, depend 
exclusively on the host plant, being influenced 
by a considerable range of factors, and it is 
unlikely that use of a “catch ” crop, as Mahdi- 
hassan suggests, would be of any great value 
as a control, at any rate in the important lac 
growing areas. 

P. M. Glover. 

P. S. Negi. 

Indian Lac Eesearcli Institute, 
Namkum, Banchi, Bihar and Orissa, 
January, 1935. 


Enteropneusta from Krusadai Island. 

In his note on “ Enteropneusta from Krusa- 
dai Island,”^ Prof. C. B. Bfarayana Eao 
stated: — “S. G. M. Bamanujam has also 
taken specimens from the same area but it 
is rather surprising that our collections do 
not include any of the specimens represented 
in Dr. Eainanujam’s, which does not possess 
a single form contained in our material. 
But still both parties were investigating the 
same area and this rather curious phenomenon 
of distribution is worth carefully looking 
into.” Since this note was published, I 
have had an opportunity of visiting the 
area again and was able to obtain the forms 
contained in Prof. Karayana Bao’s material. 
My first collection of Balanoglossids was 
made in September 1930 in the sandy areas 
of the Porites’ and Watchman’s Bay. We 
concentrated at that time on the Northern 
shores of the Island, facing Mandapam. It 
was then, that the specimens were obtained 
which Prof. Narayana Eao has kindly 
identified as Ptychodera minuta and OlanM- 
ceps liaeJcsi and which are not represented 
in his collections from the Krusadai Island. 


These forms were by no means abundant 
and obtained while searching for polychaTn 
worms. 

• In our visit last October-November, w^e 
wmrked on the Southern side of the Island 
between the Sandy and Bushy points and 
w'cre agreeably surprised to find large forms 
of Balanoglossids which wau’e species of 
Clilamyil other ax. Presumably all of Prof. 
Narayana Bao’s material came from this 
region. A wliole bed of sand in this area 
consisted practically of Balanoglossids and, 
as it were, one could ct.>llect half a dozen 
specimens in a square foot of area, so that 
this area has been designated the Balano- 
glossus Areo. 

Last January, another party from the 
Department collected in the same area and 
the forms, though of tlie same species, were 
much bigger and better developed, indi- 
cating growth. 

It is then evident that the forms on the 
two shores of the Island differ and, as Prof. 
Narayana Eao has remarked “this rather 
curious phenomenon of distribution is rvorth 
looking into”. Much to our regret, it was 
not possible owing to high tides to collect 
on the northern shores during our recent 
visits to the Island. 

S. G. MANAVALA B.AiMANUJA.M. 
Department of Zoology, 

Presidency College, 

Madras, 

March, 1935. 


Occurrence of the Pelagic Gastropod 
Recluzia (Petit) in Madras. 

Of the pelagic Gastropoda lanfMnide show 
that peculiar adaptation of secreting a float 
which keeps the animal to the surface. In 
laniJiina, the shell is violet-coloured and 
delicate, and the float is clean-looking. 

In a recent trip to Pulicat about 30 miles 
from Madras, on the 18th and 19th January 
last, three specimens of a Gastropod wnwe 
obtained which shownd a float of the same 
nature as that of laniMna and to which on 
the under side crowLled row^s of eggs w^ere 
attached. The shell is rather brownish, 
dark and light shades alternating, compa- 
ratively thick and the spire rather high, 
as compared to that of Tantliina. The float 
is somewhat muddy-looking. This latter 
appearance may partly be due to the row^s 
of brown eggs attached on the under surface. 
The specimens tally with the figure and 
general description of Reoluzia given in 


^ Curr. Sci.) August 1934, 3, 70. 
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Oheno's llanval do Conchyliologie, Tome I, 
p. 119, 1859. 

Tlie occurrence of Beclnzia^ so far as I am 
able to ascertain, lias not been recorded 
hitherto on Indian shores. 

A specimen Avas also obtained from the 
Madras sliore, opposite the Fort, on 7th 
February by a post-graduate student of 
this Department. 

S. G. Manavala Eamanujam. 
Department of Zoology, 

Presidency College, 

Madras, 

February 28, 1936. 


The Age of the Deccan Traps. 

I HAVE read with considerable interest the 
paper The Deccan Traps : Are they 
Cretaceous or Tertiary ”, by Dr. B. Sahni 
in your journal.^ I would have written 
before had I seen this valuable contribution 
earlier, but I have only recently returned 
from leave. 

The occurrence of plant remains and a 
lacustrine fauna has long been known by the 
fossils found in the inter-trappean beds of 
the Deccan trap lavas of Nagpur and 
Chhindwara, which are considered as among 
the lowest flows of the volcanic series. 
There is thus no question that Dr. Sahni’s 
remarks apply to the believed basal beds of 
the Deccan Traps. 

The official opinion in regard to the Deccan 
Volcanic series is that three main 
sub-divisions have been recognised, which, 
arranged in order of their outpouring, may 
be placed in the stratigraphical succession 
as follows : 

III. Upper Traps of Bombay and Western 
India ; 

II. Middle Traps of Malwa and Central 
India ; and 

I. Lower Traps of Nagpur and Central 
Provinces. 

This arrangement is based on general 
conclusions and not on continuous geological 
mapping from say Nagpur to Bombay, 
where the geologist could walk on these 
basaltic lavas all the way. Consequently, 
these problems of the age of an entire volcanic 
series cannot be settled by the evidence of 
the fossils of an assumed horizon. 

The strata immediately below the Deccan 
traps in the Nerbada valley and Central 
India are the Bagh Beds, which are un- 


questionably regarded as of middle to upper 
Cretaceous age. The Bagh Beds, a marine 
series, have been considered as the equiva- 
lent of the fresh-water infra -trapp cans of 
the Central Provinces known as the Lametas. 
These rocks have not been clearly traced 
from one to the other by actual mapping.- 
The age of the Lametas is thus in dispute,-^ 
but in this connection the infra-trappean 
beds (Lametas) of the Eajalimundry area, 
about Dudkur and Pangadi, are of con- 
siderable interest.^ These beds are regarded 
as an estuarine deposit, the fauna of which 
is curiously Tertiary in assemblage, and 
considered somcAvhat younger (newer) than 
the Bagh Beds but still of Cretaceous age. 

These infra-trappeans of the Godavari 
near Eajalimundry are of course related to 
the Deccan traps of thah region. In these 
lavas, near Kateru, there are inter-trappean 
fossiliferous beds with a fresh- to brackish- 
water fauna, which aiipears to have no 
Tertiary affinities, and has relationships 
with the Upper Cretaceous rocks of South 
India. So far as I know this paradoxical 
evidence has not been re-examined by a 
competent paLnontologist. 

From the fact that palm fossil wood 
occurs in the inter-trappeans north of the 
Nerbada among the so-called Malwa Traps 
of Saugor"^ it is evident that the broad sub- 
divisions of the Deccan Trap series recog- 
nised above must be regarded as simply 
tentative. And I would say that the official 
opinion that the Deccan Trap series is 
entirely of Cretaceous age is largely out of 
date and not the view of those officers wdio 
are most familiar with these lavas, but a 
revised official opinion cannot be published 
without sufficient evidence. 

It will be remembered that no less an 
authority than Dr. W. T. Blanford, after 
a personal investigation wrote^’ as follows, 
in italics : — 

‘ ‘ . that the loAvest traps appear 
to differ less in age from the middle 
cretaceous beds of Bagh than the highest 
traijs do from the lower eocene formations 
of Surat.” 


- Mem. Geol. Surv. India, 1860, 2, 196. 

^lUd., 1926, 51, 102-103. 

^ Man. Geology of India, Part 1, 1879, 317. 
^H.H. Spry, Journ. As. Soc. Bengal, 1833, 2, 639; 
and W. T. Nicolls, Journ. Bom. As. Soc., 1857, 5, 
614. 

0 Mem. Geol. Surv, India, 1867, 6, 159. 


1 Curr. Sci., 1934, 3, 134-136. 
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and that Br. T. Oldham^ thought that the 
evidence then available did not support 
that generalisationj and favoured an Eocene 
age. 

Dr. Sahni has drawn attention to these 
points, and I do not but accept E)r. Salmi’s 
identifications and conclusions regarding the 
specimens and inter-trappean beds with 
which he has specifically dealt, but it must 
not be assumed tliat the whole question of 
the ago of the Deccan Trap series is now 
settled because the evidence from Chhind- 
wara points to a Tertiary age. 

Dr. W. T. Blanford possessed an uncanny 
judgment and unrivalled knowledge of 
the Indian fossiliferous formations as a 
whole, in addition to a personal study of 
the Deccan Traps of Western India. His 
conclusions point to the volcanic x^eriod as 
possibly straddling the close of the Cretaceous 
and the beginning of the Tertiary era. This, 
I think, is the oiunion of those of my col- 
leagues with whom at odd times I have 
discussed this problem. 

Mr. E. D. Oldham’s cautious remarks in the 
2nd edition of the Manuah indicate Dr. 
Blanford’s respect, and all subsequent work 
on the stratigraphy of the Indian formations 
has shown the accuracy of Dr. Blanford’s 
work and judgment. We would not alter 
any of his opinions now unless it was proved 
necessary by the evidence of exhaustive 
field work. He did not say that the Deccan 
Trap series as a whole were of Cretaceous 
age, nor do the traps of the Bagh area neces- 
sarily involve those of Nagpur. Dr. Blanford 
may have believed that the Nagpur traps 
came betw'een the Bagh beds and the traps 
above the Bagh infra-trappeans of the 
Nerbada valley, but this is not definitely 
stated, and the evidence of the inter-trap- 
peans of Kateru may have been used. 

To give some idea of the nature of the 
problem involved I would like to say that 
I have traced the Deccan Trap lavas (and 
dykes and sills) across the head-waters of 
the Son Eiver, from Amarkantak and South 
Eewa into Korea and Sirguja and on, to 
tlie Eanchi and Palamau districts. From 
Netarhat in the last-named area one may 
Xuactically overlook the coalfield of Karan- 
pura in the Damodar valley. This can be 
definitely done so from the most easterly 
of the laterite capped xfiateau of the Eanchi 
district north of Lohardaga. 

7 Bee. Geol. Surv. India, 1871 , 4 , 77 . 

® Geology of India, 1893 , 282 - 83 . 


In the Karan pur a coalfield there are- 
dolerite dykes the material ot which is 
X^etrologically identical with the dolerite 
sills and dykes of the Deccan Trap in Eewa 
and Sirguja. The distance from the Karan- 
pura coal-field to the most easterly Deccan 
Trap outlier, at Netarhat, is under 50 miles, 
while it is more than three times this distance 
to the nearest occurrence of undoubted 
Eajmahal trap which is established as of 
Jurassic age. It is more than 50 miles from 
the Eajmahal traps to the Giridih coalfield 
where dolerite dykes identical with those 
in the Karanpura and intervening — Jharia 
and Eaniganj — coalfields occur. Because 
of proximity the dolerite dykes in the 
Giridih field were regarded as of Jurassic 
age, and this geological age was also given 
to the dykes in the Eaniganj and Jharia 
fields. Had the earliest work been done 
from the west it is certain that a Deccan 
trap age would have been offered for all 
these intrusions in the coalfields. The 
dykes in the Karanx^ura field are exactly 
the same, even to the association of peri- 
dotites, as those in the Jharia and Eaniganj 
and Giridih coalfields. The petrological 
similarity of the Deccan and Eajmahal traps 
has long been known. 

Again it had been early suggested that 
the so-called Sylhet trap of Assam, which is 
definitely not only pre-Eocene but overlaid 
by fossiliferous Upx^er Cretaceous strata 
might be the equivalent of the Eajmahal 
trap. I had thought*’ from specimens 
in our collection, that the Sylhet trap was 
different, petrologically, from the Eajmahal 
trap. ^How^ever, during the last three years 
I have personally examined the Sylhet trap 
in the Khasi and Garo Hills and found these 
rocks, chiefly dolerite dykes, to be indis- 
tinguishable from the dykes in the Damodar 
Valley coalfields both in hand specimens 
and under the microscope. Here then is a 
pretty problem regarding the relationship 
of the Jurassic Eajmahal traps to the most 
easterly Deccan traps in Bihar. 

I doubt if any of my colleagues who are 
fully acquainted with the subject of the 
Deccan traps hold the view that our official 
publications, quoted by Dr. Sahni, give, i.e., 
that these volcanic eruptions were entirely 
confined to the Upper Cretaceous. The 
opinion is stfll that of Dr. Blanford in broad 
outline — ^that these Deccan lavas were poured 
out in the epoch which covers the close of 

9 Mem. Geol. Surv. India, 1930 , 56 , 114 . 
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the Mesozoic and the early beginnings of 
the Caiiiozoic eras. To me the nature of 
the eriix)tions has always appeared complex 
but I have felt that in a general way the 
earliest outburst of activity was in north- 
eastern India, and that, broadly speaking, 
the successive series of eruptions occurred 
in newer areas each further west than the 
previous until the volcanic period finally 
died out in north-western India. 

I am glad of the opportunity Dr. Sahni 
has given me to express the opinions I have 
as they represent the views of those of my 
colleagues with whom I have been able to 
discuss his paper. He knows me well enough 
to understand that I appreciate the impor- 
tance of his pal8eo -botanical work and that 
I do not feel qualified to discuss the value 
of his determinations of plant fossils as 
absolute indicators of a geological horizon. 
Although I worked in the Chhindwara 
district for many years I did not include 
Mohgaon Kalan (22° 1' : 79° 2'), 18 miles 
east of Chhindwara and 4 miles south-east 
of Jhilmili railway station, in my mapping, 
but it is clearly in a trap area among the 
lower flows of the Chhindwara district. The 
question now arises whether these are really 
among the lowest lavas of the Deccan Trap 
series. 

In conclusion I would like to say that not 
until we come to the Bagh beds of the Ner- 
bada have any ' signs of marine conditions 
been discovered for the Cretaceous Sea, 
while the IsTummulitics of Surat show the 
presence of the sea in Eocene times. It 
follows simply from this that an estuary 
opening westwards probably did exist Muring 
those geological epochs, but it is difficult 
to believe in tlie persistence of this estuary 
in the intervening period (epoch) as it was 
almost certainly filled up by the Deccan trap 
lavas. These, accepted as of sub-serial origin, 
are known to be at least 2,000 feet thick in 
Kathiawar. We are convinced that the 
break-up of the Gondwana continent, by 
a great series of subsidences of the land 
westw'ard under the waters of the Arabian 
Sea, did not become fully effective, so far as 
the west coast of India is concerned, until 
after the close of the Deccan volcanic erup- 
tions. The main features of the present 
configuration of the west coast of India 
appear not to have become fully established 
until the late Eocene period, although fault- 

Rec, Geoh Surv. India, 1925, 58, 90. 


ing continued long afterwards in Miocene 
times and later. I have drawn a series of 
maps showing the distribution of land and 
sea at various periods in the Mesozoic and 
Gainozoic eras, which will shortly be pub- 
lished in my memoir on ''The Tertiary 
Coalfields of India” (now in preparation). 

Cyril S. Fox. 

Geological Survey of India, 

27, Chowringhee, Calcutta, 

February 7, 1935. 


I AM thankful for an opportunity of read- 
ing Dr. Fox’s valued comments on my note 
suggesting a Tertiary age for the Deccan 
Traps. 

It is satisfactory to learn that the official 
view as expressed in the Geological Survey’s 
publications is not shared by those of Dr. 
Fox’s colleagues who are most familiar with 
these lavas. Assuming, as Dr. Fox agrees, 
that the flows of Kagpur-Chhindwara are 
the oldest in the series, the palseobotanical 
evidence from that area distinctly supports 
the view that the date of the earliest erup- 
tions was later than the Uppermost Creta- 
ceous. In this connection, the evidence from 
Mohgaon Kalan and Sausar Tahsil alone is 
of considerable significance, because the 
Nipaclites came from the former locality o[ 
which the flora is dominated by palms, while 
the Azolla abounds in the cherts of tlie 
Sausar region. Without further evidence, it 
would be difficult to say how much younger 
the Bombay Traps are than those of the 
Central Provinces and of Malwa and Central 
India. The mere fact of the occurrence of 
fossil palm wood in the inter-trappeans of 
Saugor (Central India) can be of no help to 
us here. Tlie indications are that the whole 
period represented by the traps from Nagpur 
as far as the west coast was comprised within 
the lower Tertiary and probably witliin the 
Eocene. But I must not trespass upon 
ground which is not familiar to me : I am 
not aware of any palyeobotanical facts in 
support of this view. 

However, tlie main point is that if the 
testimony of the planb-rernains is to be relied 
upon we must agree that the Tertiary era 
had already dawned when the first lavas of 
the Deccan were poured out. We shall no 
doubt soon be in a position to check this 
conclusion independently because precise 
methods are now available for calculating 
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t li<‘ iin'(\s of i<>'n(M)us rociks i’rom Hie 

evi(i(‘n(*.e, oi* l.h(‘ir nul io:u*.|.ive miiu^rals. 

IC SAirNr. 

i ^epa.rlAiuaii/ of l>ol:uiy, 

I 'ui vaavsity of Ijuekiiow, 

I^\‘hri(arif 7/5, 


A Note on the Origin of the Kaldurga 
Conglomerates, Mysore. 

I'P is \vi‘li known Hiai (h(‘. (ni(‘sHon of Hie 
])ro})iihl(' ni()(l(‘ of origin of 1,1 h‘ Kaildurga 
To" oT) (*ong!oni(‘r;U.<^s luis liad 
an i nt, (‘resting history. ''Pill Hu‘ y(‘a.r 190S 
i Ih‘S(‘ a, 11(1 oHi(‘r siinihir (‘.ongionu‘ra.l.es 
<‘lst‘whi‘r(‘ in lMysor(‘ w(‘r(‘ d(‘serihed as sedi- 
nuni {.ary. liad(‘r. Dr. VV. k\ KSnu‘(‘t.h exa- 
niiiHal Hu‘ Ma.llai|>)>ainlia.lli aiiid Aiiuangala 
eongiomeraitos of the Cliito,ldrug Hehist b(‘.Ui 
during th(‘ rK‘}d s(‘a.son HldihlOlO, and 
point (‘d ont^ e(‘rtahi (‘vdd(‘n(H‘s in favour of 
lludr b(‘ing (•()nsid(‘r<‘d a-s a.nto('.]asH('. in 
eliara.(*t(‘r aiiid no/, of i\\(\ nuitaire of true 
s(‘dini(‘nta,ry eon.glonH‘ra,t<‘S. This id(‘a was 
soon (*xt.(‘nd(Ml to all th<‘ ot>h(‘r (*ongioni(‘rat.(‘.s 
of .Myson‘ ; <‘V(‘rv on(‘ of th(‘S(‘ wUiS shown to 
til in with th(‘ “ a.ut.ochustac. " th(‘ory and the 
original sug’g(‘stion of tih(‘S(‘ h(‘ing true 
sed in unit ary eongioni(‘rail'(‘S eain(‘ t.o be (*.oiu- 
ph‘t <dy aba.ndon(‘d. 

In Hi(‘ eours(‘ of a r(‘e(‘nt (‘\'a.niinat.ion of 
t}H‘S(‘ eongionna’ajt ie rocks luaiir Ka-ldurga — 
tlH‘ (dassicad aaaai. wh(‘r(‘ tb(‘- aiutoelastie 
natur(‘ of t h(‘ (‘.on.glonu'ra.t.es wais e.onsideiT.d 
to lia.v(‘ ixaai (Udinitidy (‘st'a.l>Hslu‘d. by M.r. 
P. Sa-nipa.t. Iy(‘nga.r~I haA'(‘ niad(‘. two 
ohs(‘rvat ions wiiieh I eonsidiu’ inteiosting 
and important. 

(1) 'Tli(‘ e<)ngiojn(‘rai(‘ is oftiui (*.rowd(‘(l 
with a. larg(‘ mnnlxu’ of jM‘bbl(‘s of a vari(‘d 
ehara-('t(‘r. k’or insta.ne.(‘, 1 <'oll(‘et.(M{ a sjieid- 
nicn from th(‘ south of Kablnrga', about 
: iV’ in siz<‘, eonta-ining nior(‘ tbaiU taviuil.y- 
{iv(* })(‘bl)i(‘s eom[)os(‘<i of such widxdy diHeiHait 
rock typ(‘s a.s giudss, gra-nita*, (iuart.7at.(‘S 
(two typ(‘s), v(‘sieuhu* spilit;(‘ and altered 
d()h‘rit<-. Pi’oin oth(‘r spiudnums in 1-he 
locality, I obiaiiHsl j)(‘bbh‘s of baind(‘d (piart- 
zit<*, IinH‘st.on(‘, ^■(‘in (jiuirt:-:, (de. ^S(‘W'(‘Tal 
of tli(‘ rock nia.ss<‘s from wliieli tih(‘S(‘ pebbles 
must. ha.V(‘, Ixam d(‘riv(Ml are now far away 
from t.lu‘ a.r(‘a. wlu‘r(‘. tb(‘se spcH'imcms are 
found. mosti int(U'(‘sting pebble seen 

in one of tli(‘ (‘X[)osur(‘s of this conglomerate, 
is of the ‘Hlalipuj(‘. felsite” ; ibis p(3bblc 
must obviously have been derived from the 


in situ occurrence of this rock near Gralipuje, 
about sixteen miles awaw from th(^. spot 
wher(‘ the p(‘bble was noticed in the congio- 
nuTah^ 

(:^) In another part of th(‘. conglomerates, 
n(‘a,r Aladhalli (about four miles south of 
Kahlui‘ga), I iind the conglomerate showing 
a striking gritty character ; and what is 
mor(‘. interesting, some of these grits show 
a distinct graded bcvlding. The rock liere 
ha.s lay(‘rs about a foot in tliickness, one 
overlying tlie other. Each lay(‘r starts with 
a mor(‘ or l(‘.ss coarse pebbly character and 
gradually b(‘(‘.omes hmu* and liner, till the 
n(‘xt layer again starts abruptly with, coarse 
i)(bbl(‘s, grading on into line. (Vide Fig. 1.) 



Boulder of conglomerate showing graded bedding. 

It. is diiiicnlt to understand how these 
two facts of observation could be reasonably 
(explained on tlu^ basis of tlie ' 'auto clastic 
th(‘.ory. On tlie other Jiand, they appear 
to m(‘. to b(3 distinctly suggestive of an 
original sedimentary character for these 
conglom(‘rates. A more detailed investi- 
gation of tlies(3 rocks is under progress and 
when this is eonpilete, it may be possible 
to show that the conglomerates dealt with 
h(‘r(‘. are really of sedinumtary origin though 
it is true that subsequent crushing and 
shearing liave tended to obscure tlieir ori- 
ginal nature. 

Charles B. Pichawuthu. 
Department of Geology, 

University of Mysore, 

February 12, 1935. 
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A Microchemical Test for Protein Grains in Plant Cells. 

By R. H. Dastur and U. K. Kanitkar, 

Botany Department^ Royal Institute of Science, Bombay. 


T3ROTETNS and their products of de~ 
^ composition yield a variety of colour 
reactions eacli characteristic of a particular 
group of nucleus. These reactions are not 
directly applicable for their detection when 
they occur with other interfering substances 
as thej^ do in plant cells. The cells of leaves, 
in particular, offer exceptional difficulties, on 
account of the presence of the green chloro- 
phyll. 

We have developed in our laboratories a 
convenient and reliable inichro chemical 
method wdiich has been found useful in the 
study of the synthesis of proteins in the 
leaves of Abutilon asiaticum G.Hon., and 
those of Ricinus communis L., under ex- 
posure to artificial light. 

Folin and Wu’s^ /S-naphthoqiiinone-sulpho- 
nic acid colour reaction found applicable 
for the detection of amino acids in blood was 
extended to plant cells. Sections of tissue 
under examination are first treated with 
alkaline /3-naphthoquinone (2 c.c. of 0*5 per 
cent, aqueous solution of the sodium salt 
of i8-naphthoquinone-sulphonic acid -i- 1 c.c. 
of i per cent, sodium carbonate and 4 drops 
of 1 per cent, phcnolplithalein) for 30 hrs., 
then transferred to a mixture of acetic 
acid (50 per cent.) and sodium acetate 
(5 per cent.), washed for half minute, treated 
with a 4 x)er cent, solution of sodium thio- 
sulphate for 5 minutes, washed, dehydrated 
and hnally mounted in glycerine. On exam- 

^ J. Biol. Chem., 1922, 51 , 377. 


inaction under the microscope, the presence 
of amino acids in the leaf, petioles, cotyle- 
dons and hypocotyledonous regions of the 
seedlings and radicles of the beans and 
gram is revealed. The method, however, 
suffers from the disadvantage that it is not 
specific to proteins, since their degradation 
products also respond to the test. 

A reagent obtained by dissolving 0 *2 gm, 
of orthoquinone in 20 c.c. of 95 per cent, 
ethyl alcohol and mixed with 1 c.c. of 1 
per cent, sodium carbonate solution has 
proved satisfactory as a specific reagent 
for proteins. Preliminary trials with "rice 
and wheat grains definitely indicate that 
while the starch and other non-proteinous 
matter are not stained, the iirotein grains 
in the aleurone layer take up a deep colour. 
It should be mentioned however that the 
reagent stains the protoplasm but the pro- 
tein grains are more deeply stained and are 
therefore distinguishable from the surround- 
ing protoplasm. 

In the case of leaves, the interfering 
chlorophyll is first removed by treatment 
with hot boiling 20 per cent, alcohol for 
15-30 mins. The leaf is then kept in the 
orthoquinone reagent for 2 days and after 
washing with alcohol sections are cut, 
mounted and examined under the micro- 
scope. The deeply stained protein grains 
are easily distinguishable. Tliis procedure 
has proved invaluable in the study of the 
size and number of protein grains in cells. 


The Public Health of India. 


E Report of the Public Health Commis- 
sioner for 1931 which has now become 
public is a valuable document dealing with 
Vital Statistics, Antimalarial and Anti- 
tuberculosis campaigns. Leprosy surveys, 
etc., and several other topics of public 
health interest. The infantile death rate 
was high — more than double that in Ger- 
many, England & Wales and South Africa. 
Tuberculosis was on the increase and the 


anti-tuberculosis campaign had not proceed- 
ed very far. The Leprosy Survey clearly 
indicated that the disease was much more 
prevalent than was formerly supposed. 

Major-General J. I). Graham, Public 
Health Commissioner, recommends the for- 
mation of a Ministry of Health, an organisa- 
tion which shall be competent to frame and 
conduct a Public Health Policy for the 
country as a whole. 
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<uit. of tilu^ fruit, the latter still on the 

|ia,i‘(u\t plant. 

CcHrinia in dim is a, member of tlie family 
i'' N<*urbU'^(‘r(ii!. a.iul it is not surprisiuji^ at all 
to find vivipa<rous .i»'(M*!nina,liion of sexMls in it, 
but, wha-t is most st.rikinij: is that tlie shoot 
luis ma.nai>:(Hl to pierce throii<>’h the fruit 
while the lat.t.(‘r bein^' still on the parent 
plant. The fruits are (|uitt‘ intact and tii<u*e 
is not, t,h(‘ sli^'ht.(\st si^n of a.ny disintegration. 

^(dV.rrint*' to t.h(‘ inod(‘ of germination in 
('iicurbltamir^ \V(‘ fmd tluit. the (*.otyledons 
conu^ abov(‘ <!;round a.s \\w first. leav(>s of the 
pi amt.. In our (*ase it simians that one of the 
two <*otyUalons is t ra.nsfornuMl into a. leaf 
arui tlH‘ ot lHU' into a. {(unlril. As the tendriis 
in t.h(‘ (Uirurbitavciv ha,V(^ a,lways Ixuai a 
subj(M*t of ^riai.t eonl roviu'sy th(‘. presiait 
hiulinj;* of ours miji;ht' s<‘rve as a further 
proof in favour of oiu^ of the theoric^s ad- 
vane.cMl r(‘!ixa.rdin^* t.h<‘ na.t.ur(‘ of the tendrils 
in this family. 

''Pin* th(‘ori(‘s in brief ar(‘ t lu^ foIlowin<^ : — 

(1) A tiuulril in t.h(‘ family (Jiicm'bitam^v 
is om^ of tlu‘ l)raiet.eoles of a. (low<‘r which 
is a.n axilla.ry shoot, of a. folia.j;'(‘-leaf. The 
t cmdril ())ra.(*t<‘ol(‘) lia.s beim puslunl of its 
orij’inal position on t.h(‘ primary shoot 
(or llovvcu*) to its presimt. posit. ion by the 


side of the foliage-leaf (Braun’s sugges- 
tion which nas been adopted by Eichler 
and others). 

(2) Twining part of a tendril is a leaf- 
structure; lower stiff portion is a stem- 
structure (Muller). 

(3) Modified stipules, vlz.^ in Kedrostis 
spiriosa (Engler) . 

(4) ‘'The developmental history of the 
individual tendril shows in many cases 
clearly the direct transformation of tlie 
primordiurn of the foliage leaf into a 
brndril, the leaf -lamina being rudimentary 
(Coebel). 

Anatomical studies are in progress, and 
the final conclusion as to the nature of the 
tendrils in this particular case must be 
reserved till their completion. 
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Cause of F'ormation of a Heterocoelous Vertebra in Bird. 

By Himadri Kumar Mo()kerj(‘e, 


Zuologif Department, 

I N a r(‘C(‘iit' comniunicution in Nainre^ 

I ha.v(‘ shown how procodous, ophistho- 
1 ‘uHons ami amphiiMilons vm’tebnc are 
formed. In ixudi of forms of v(u*t(d>ra 

tho' formation of tiu* not.ochord is the start- 
ingC point. Soon after t.h(‘ formahion of t.h(‘ 
notochord and its p(‘ripli(U'a.l sheaths the 
skidid.ogeuous c(‘lls u.e:>n‘gat(‘ round them 
forming a.n out.<*rmost. ja,(d<<d. as perichordal 
tub(^ v<‘rt.(d>ra.l piu’t-ions of tlie peri- 

ehorda.l tulx* soon Ixa'onu^ (*,artilaginous 
\v'hil<‘ the int,(‘rv(‘rt.(‘bral [lort.ions of it 
r(‘nnun numiliraiuauis or pro(*art.ilaginous for 
a. o<msid(‘ral)l(^ tim(‘. I liav(‘ shown for the 
hrst tinu‘ tha.t. through t,h(‘se intervertebral 
zoiH^s of p(u*ichorda.l tulx^ the migratory 
(U)iui(‘(‘t iv(‘ tissue cadis euter.“’’^ 


^ Mookerjec, II. K., Naiure, 11)34, 134, 182. 
Mookeri(M‘, II. K., Phil. Trans. Roy. Sor., 
1030, 218 B, 

Ibid., 1031, 219 B, 105. 


Galen tta U n iversity . 

A stra.nd of migratory connective tissue 
ccdls normally enters through the interverte- 
bral zones of the perichordal tube, keeping 
it.s direcd.ion at right angles to the notochord. 
It has alr(‘.ady been, pointed out that pro- 
carlons, opliisthociclous and amphicadous 
forms ar(‘ jiroduced by various types of 
movenumt of the embryos at the time when 
the migratory connective, tissue ccdls are 
actively (‘utering the intervertebral zones 
of tlie pcudchordal tube. 

In a hcd.eroeadous form, such as in most 
birds, the formation of the vertebra is a 
modilication of the procodous type. Tjike 
the tadpole, tlie embryo of bird oscillates 
its body in clockwise and anti-clockwise 
directions, while its head is kept in a so- 
called stationary condition. For the mode 
of movement of the embryo we will have 
to infer it from the direction of the line of 
curvature formed by the migratory con- 
nective tissue cells. An analogy may be 
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drawa from tlmt of: tlie tadpole, where we 
can actually see that during its embryonic 
stage the forward movement is effected by 
the oscillation of the tail while its head 
remains stationary (Fig. 1). This leads to 
a change in the direction of the migratory 



Diagrammatic figure of the tadpole of Rana tempo- 
raria on which frontal section passing through the 
centra of the vertebra] column is superimposed. 
Oscillation of the embryo is shown by dotted lines. 
The path of migratory connective tissue cells has 
been shown by two consecutive lines through the 
intervertebral zones of the perichordal tube indicated 
by arrows on both sides. (After Mookerjee). 

connective tissue cells from perpendicular 
to the notochord, to a curve, the concavity 
of which is directed towards the cephalic 
end. The actual so-called procoelous ver- 
tebrae are formed when a split appears within 
the zone of curvature formed by the migra- 
tory connective, tissue cells. A synovial 
cavity appears within the split. One point 


that should be noted here with regard to 
the formation of the heterocoelous vertebra, 
is that the migratory connective tissue cells 



Fig. 2. 


A Photomicrograph of the frontal section passing 
through the centra of three consecutive cervical verte- 
brse of chick embryo at 16 days incubation. X40. 

1. vertebral condyle; 2. vertebral socket ; 3. noto- 
chord ; 4. synovial cavity ; 5. intcrverichral 

liga^nent ; 6. spinal nerve ganglion ; 7. spinal 

cord. 



Fig. 3. 

A side view of an adult cervical vertebra of common 
fowl. X8-5. 

8. neural spine ; 9. postcygapophysis ; 10. neural 
canal ; 11. heterocoelous vertebral condyle. 

instead of entering the intervertebral region 
in one band like that of a tadpole, enter 
the intervertebral region as three consecutive 
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bands as in tlie fry of fish.^ The middle 
band quickly becomes a ligament, whereas 
the two lateral bands eventually become 
procartiiaginous (Fig. 2). As in the tad- 
pole we get here a condyle, and a socket 
formed from the two lateral bands, and in 
between the two there forms a synovial 
cavity in which lies the intervertebral liga- 


ment. In order to accommodate this inter- 
vertebral ligament the condyle has a 
depression on the top (Fig." 3). The 
depression is also ])resent in the socket, 
but would not be so prominent as on the 
condyle for the simple reason that the socket 
itself is a depression or cavity. Thus we 
get a h.etvrocudous or saddle-sliaped vertebra 



Fig, 4. Anterior view of an adult cervical vertebra of common fowl. X 16. 
12. Prezygapophysis. (Others as in Figs. 2 & 3.) 


with socket in front (Fig. 4) and a condyle 
at the posterior end (Fig. 5), of a vertebral 
centrum with a depression on the top of 
it, as a modified form ol pro copious type 
(Fig. 2). Fig. 6 shows the diagrammatic 



Posterior view of an adult cervical vertebra of 
common fowl. x7«5. (Lettering as in Fig. 3.) 


^ Mookerjee, H. K., Carr. Sci.y 1934, 2, 342. 



Diagrammatic figure of the embryo of chicken on 
which frontal section passing through the centra of the 
vertebral column is superimposed. Oscillation of the 
embryo is shown by doited lines. The path of migra- 
tory connective tissue cells has been shown by two 
consecutive lines through the inter-vertebral zones of 
the perichordal tube indicated by arrows on both sides. 
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vi(‘w^ of tlu“ ])ai1Ji of osc'illation of ili(‘ v(‘rl<'- 
bral coin ton of bifd. 

Tlius vv(^ ni;i.y siiy tlial those aniiniils 
that os<‘ilIa.t(‘ tlieir c*cj)liali(' <ai(i during;- the 
onil)ryoni(‘ sta.y(‘ when niiural-ory eon- 

iKH*1av(‘ t.isstu‘ (‘ells a4*(‘ (‘id(n*in,a; ihroiii>ii tli(‘ 
interv(M*t(d>i*al zoikss of tlu‘ pca'ic'hordal l.uh(‘ 
hiiv(‘ (>}>histho(*(xd(nis, and thovse tluit move 
theif postaaaor port ion of tluar body, k(Hp)ina’ 
th(^. a.iit(‘riof end in. a so-cavlUal sl.at.iona.ry 
(‘.ondition ^:(‘n(a‘ally liajV(^ pfoeudous and 
wlnm 1.h(‘r(‘ is an ini.(a‘vcn‘t(d)ral li»’am(‘iili 
intm'veuinii; Ixd.ween ibe ball and soeket of 


a [>ro(‘.odons V(‘ft4d)ra. w<‘ a. d(‘pn‘ssion 
on the t 4 >i) of ih(‘ ball of lh<‘ etmtrum in 
onUn* to a.(‘(*onunoda.l<‘ th(‘ int (‘rv(Mdehra,l 
li^-aimmt. fortnin<i.* a lad (‘roeodoiis v<‘rl(d)ra, 
whil(‘ t.h()S(‘ tiha4: do no\ oseilhd(‘ tludr body 
a.nd k(H‘p tlnnn in a. so-eaIh‘d stationa.ry 
(‘ondition yvmo’aJly !uiv(‘ ainphieodous vtn*- 
t.(‘bra. 

8() W(‘. may eonelmh' in ihe words of Trof. 
Ma(*Hrid(y Habit (‘ha4\,i;*(‘s (irst and st.nu'ture 
ai lony; t.iiti(‘ aftianvards. Habit is th(‘ r(‘al 
driviiiii; forec^ in (*vohi( ion." 


Irrigation Research in the Bombay Presidency. 


1. ahin Spt‘eia,l Iri'i^otion Division was ()|)en(‘<l 
in dime ini(> and in 1027 tho I n*i^»4i.tion De.vtdop- 
nicnt a.nd Kvsoarch (diT!(‘ was cr(‘a.t-(al to apply 
the ;i'(\sults of reseai'ch on a lai*<»‘(i sca,U‘. 

In mao the I )evelopnu‘nt and H.e8ea,reh Divi- 
sion was ()])ened in Sind. Owin^* to shoi*ta.i»’(‘ of 
funds the Ii*ide,'a.1.-ion Hevidopiuent and Heseareh. 
Hirele wa.s aboUsht.‘d in 1022 on the recoinnKuida- 
tlons of the Heor^anisalion C\)rntnitt(H>. lia.nd 
draimvi^'e — which amounts to a.p|)lica.tion of ne 
s<^ai‘eh — has been hamhxl oveu.* to the hxh'd (nigi- 
neers, a.nd rescvirch work to a new lfri^'a.tion 
lU^sc^arch Division. (2.)ntinuity has been main- 
tained du(‘. to the a,pplieatioiT of resea.rch bein^' 
controlled by the sa.rne ofruHir wdio previously 
dlrectral rt'scnirch . 

2. When wat(?r]oe;ii:in^' and salt erdor(‘se.enc(‘ 
invest-igations wcu-e sta.rtcal in 1010, soil physics 
was found to be an (jxeeetlini^ly im])orta.nt factor. 
A .sta.rf of a.i>ricidtural i>ra,(iua.t('s wa,s x-ra.dua.lly 
built up under whom sul^-soil c.la.ssi(ica.tion froiti 
surfa<*(* indications was workcMl out. Tliis was 
a lonx a.nd nuiny-sided investixJdton of xr(‘a.t 
interest — eovaa-inx x'eoloxyi soil physics, (‘(joloxy.. 
and the' (iow of sub-soil wabuv ddvese investixa.- 
tions led to an (ml i rely successful theory r(‘xar(linx 
drainage I'ecpurenK'.nts beinx evolvt'd. Sinc(‘. tluni 
several drainaxt- scdienies have btHm construe.t(‘d 
by the Special Irrixahion Division, with liixhly 
sati s f ; vet ( > r y r(‘s i di .s . 

V>. Sinudtaneously the disposal of tlu^ s(‘.wa.x(- 
(‘.rtiuent from Poona, was undcu'taktm — usinx it to 
irrix'de a larxe ea.ne a,rea to the. t^ast of Poona. 
To investixa-te tliis (piostion (50 aciu's of Ia.nd wer<‘ 
acquired near Hadapsar. 

1 . The corollary to tlie solution of tlH‘. di'a.ina.xe 
problem was tliat of r(*elaiminx tlamax(‘d la, rid. 
In many ].)a.rts of tlie (-anal ti'a(;ts reduction of 
wa,terloxxi.nx combined with xood cultivation was 
snOicient to re.store the condition of tlie soil, but 
research liad to be done in connection with soils, 
whicli had been damaxed by salt cn!oresc(^nc(‘ 
a.s a result of which fliey had become sodiumised. 

5. The first drainaxe and roclama-tion woi*ks 
were carried out at the Bararnati Kxpcrimenta.l 
Salt Area (on the Kira Ijcft Bank Canal) where 
some 1()0 acres of tlie worst land in any of the 
Canal tracts were acquired and drained; Of the 
134 acres of land in the Bararnati Experimental 
Salt Area, 100 acres are now^ suitable for growing 
good crops of sugarcane. 


(). Dra.iu;i,x<‘ ^ind r(*clnnial ion nu'lliods soon 
xa.V'‘ pi-omisinx i*<*suhs ; so prohhuus in counoctiou 
wit h ii‘i*ix4^ti<>ii by which is im‘aid' “ iucroasiux 
th(‘ fiMtiiily in soils by a.n a.rtilicia 1 supply of 
wa,l(‘r’'- w<‘r(‘ Hum in vestigat tab policy 

ri^xxrdinx ii-rix*'* Hon was /a iifodiltf atir'indlurtif 
ntcUiods In Jii irrhfdiinn liinilnlinfi'^, and In an)\d>{ 
■} crif/al ion pravtb'i' tn nmrl atfi'i‘‘\df nra! rc<p; ircait'fils. 

7. ''rids mna'ssitatod improved control of 
wa,(.(‘r l)y nu^asurinx rexulalinx (h‘vic(‘s, which 
hal to (1 h‘ introduclion of Siaiidinx Wavr Illumes 
a.nd (hi))) moduh'S. '^fo pia-fecl. < he desixu of 
ihesi" ami othm* nuMisui'inx de^‘ic^‘^•., modid experi- 
numts w(‘i*(‘ st a.rl ial. proved hix'ldy siu'cess- 

fid, a.nd the work dom^ at. t lu' 1 1 ydrodynamical 
H(‘S(‘are,h Station soon b(‘eanu* wi<lely known, so 
tha,t r(Mpu:sls to t.<‘st (h'signs by uuwhds wm* 
fr(‘<pi(mt. 'This work hi'eanie so important 
h\rx(dv heiaViUse of t.lu‘ riumvrkahle facilith'S at 
Poona, t ha, t/ many prohlmns eomM*rniiu;- Sind 
irrixa,ti()n - f‘sp(‘<*ia.lly in eonmadiou with Sukkur 
Ha.ri*a,x<‘ and (tinnl ilesigns wm’e dealt with. 
’^l'’hes(‘ ineludiMl : 

’"(I) Mo<li(iea,t.ion of d<‘sixn of Ban’age llooi* to 
k(‘(q) tlu‘ standing wav<‘ close to tin* 
Bai-raxo umhm all eomlitions of How, 
*^(2) lh‘st, ({(‘sign for Dai*rax(‘ pim-s, 

1(3) li(hst d(‘sixn of divid<‘ walls, 

‘.[.(I) Silt (‘xelusion fi’om I hirragi^ Canals, 

^(5) Dissipa.t.inx vmu’xy below falls. 

((>) Silt (exclusion from Mithrao (’anal, 

(7) ( k)(‘lli(‘.i(mt.s of (liseha.rx«‘ of Barrage (hdi’s 
on ruiminx and falling gnugi's, 

(S) P,(da.tiv(‘ m(‘rit.s of various types of falls 
for disHijiat-ing- imorgy. 

I rydr()dyna,ini(‘a.l ri'sisireh work is .st(*adily 
wichudng- in (‘xt<mt, and imporianee largudy du(‘ 
to th(^ n(‘w Pesmu’ch Station at. Khadakvasla 
n(N\.r hak(^ (II mihss from Poona.) whei-i' 

vm-y cixtuqitional ra,eiliti(‘s for dis(‘harx<‘s of clear 
water up (.o 500 eusis-.s umhu* constant, head are 
available. 

S. One of th(‘ dircsd- I’issults of draiua.x<‘ r(‘.s<‘a.rch 
was th(5 mHK^ssity for ri'si.rietinx Huxarca.m‘ irri- 
Xation in tlu^ abs<mc<j of dra.iua-gt'. 'Th(‘ whole of 

*(1) (2) Ter.knir.al Paper No. 21h 

t(3) Technical Paper No. 52. 

1(4) Techn lc((l Pit})e.r Nos. 15 and 10. 

2(5) Technical Paper No. lb 
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t ht‘ I (*a.!ial ai-<‘as lin v <* i sui*V(‘y- 

('il as r(‘oar(ls subsl ral a aiul suhsail wain* l(‘.V(‘!s a-nd 
(ladr <*()nn(‘cf ion with iri'i^al ioii a.iid ]>(‘r(*()la.ti()U 
froru clia.inuds. 

on lliis, soils !jav(‘ hisni cla-ssifital a.s 
rr^aials |>(M*missihl(‘ int laisity of ii-i'i^'a.lion — willi 
and without, land d!’aina,i;’<‘ -and limits of (*.a.ri(^ 
irt'i nation ha.V(‘ homi lix(‘d by (•at.nhnumt.s and 
suh-catchmcnts. 

Sitnilai’ly fruit j^ardiuis ha.v(‘ Ixam r<‘st f'ict.tai t'.o 
aroas \vh<‘r<‘ t ho most snit ahh' soil-(‘um-dra.ina..i»;<‘ 
romlii.ions will rontimu' to pr(‘va.il. 

h. ''Plu' block syst(‘m, orij4ina.l.«‘d in IhOI) by 
Sii* IM. Visv(‘svara.ya, has hiam improv(‘d by 
unit isation and st andardisat ion and is now (m- 
foia'oil on all th(‘ Major (’anals in t.h(‘ Dcaaain. 

lO. In Sind th(* I >(‘N<‘lo|)m<‘ut a,nd H(*s(‘a.rch 
nivision nas opcm'd in IhdO. Pndcr it- complct.(‘ 
s\il>s(>il surveys of the ldoy<l Hai-ra.^e a.i‘(‘as bav<‘ 
hecni mad<‘ and maintaimal up tn <la.t.<* ; miurli 


work. ha.s done on models of various masonry 
works, residtinu; in standardisation of design ; 
invi'istiga, lions into flumes, falls and flow in 
cha.nti(‘ls a,i*('. in hand, and an important silt survey 
of the Indu.s, the Nara and the Jamrao Canal is 
also Ixdng carried one. 

11. lormation of a Central Comm.ittep of 
K.es(‘a,i'ch, subsidiary to the Central Board of 
Frrigation, which was formed a few years ago, 
wa,s a. strip of immense importance to the future of 
all- India. Irrigation Research. 

12. ^ 25 lk)ml>ay Public Works Department 
'l?(‘r.hMical Papers dcciling with the researches 
cjirried out in. the Deccan and 10 dealing with 
those in Siml have been published and are ob- 
t.a,ina.bl(^ from tlie ‘Superintendent, Government 
Ih-inting* and Stalionery, Bombay; through the 
High (t)mmissioner for India, India House, 
AUlwyr.h, Condon, W. C. 2 ; or thi’ough any 
recognised Book-seller. 


Research Notes. 


On a Theorem of Milloux, | 

I)iN(UiAS {MaHi. Zcil„ 39, pj). 590-~r)<M>) | 
lias su(*ciMahMl in gonorailising; a- t.lu'onan 
duo to IMilloux about iut.(‘gnil func- 
tions of iuliuit(‘ oi’d(‘r, by uhuius of 

\vhi(di b(‘ prov(‘s souu^ la^sults about a. class 
of inti'gd’al fuuctious of iulinit.(‘ onhu' whhdi 
an^ aua.log’ous io souu^ lli(‘or(‘ius in the 
nu‘()ry (d’ iui(‘gral funclious of liuit(‘ orders — 
r.//., iMira.g:nu‘uMjiudl(>r t luainun and l)(‘iijoy- 
Ahlfors t li(*on‘iu— on th(‘ ina.xiiuuin nuniber 
of :isy in pt ol ic valiu's of a-u iuli'gral fuiud-iou 
of ordm*. din* t lu'onun (bah 1 h‘ prov(‘s 

(anadogous to Phragrmui-Lindirir MHM)rein) 
at ( h<‘ outsid is tha.f it' a.ii inl(‘gral funct.ion | 
/'(:) sa.tis{i(‘s the (amditions S(d. forth Ixdow 
in the in(iiii((' striji (hdiruai by • .7’ 1 D/, 


Liin r f''' l.oK M.,(.rj 0, 

n 

I p > 0, a,ud finite | 

Lini r ^ Ijog M(7.’) u /- 0 

-»> c-r. 

vvlieia^ Max for0</<75 

and M.{:v) Max 1 fix I ii/) \ for I 2/ I < 
th<ni k ^ p. 

The. proof of this theorem depends on the 
following lemma. If g(z) is an integral func- 
tion, satisfying the conditions 


I ± !■ jf.) I < M,. I g(x + iy) I < M, 

I gihl) < ill 0 < ,c < a, 1 2/ 1 < ^ 

(It; is supposed that Mo < M) 

t lu'n lo^' I g{s) I < lo, 2 ; Mo + 1 log ^ 

Al'tor iili(‘. proof of this theorem he introduces 
the not ions of order, type, etc., for a class of 
iiii.(',griil functions of inflnite order. [The 

or.lci- p IS detined as Liin— ^ where 

M (:/■■) is the maximum of j /fs) [ for | j. | < 

Witli thi'.se definitions he proves the 

following int(‘re.sting result. — There does not 
exist, any integral function of order p (in the 
iH'w s(‘n'si‘) in a strip of breadth less than 

- aiui which is of minimal type if it is of 
P 

the. sam<> order in any sub-region of the strip 
and wliicli is of eitiver the maximal or the 
normal tyjie. Aftew proving another lemma 
lie dcdiici's another interesting result in 
coinu'e.tion with this class of integral func- 
tions which is analogous to the .Denjoy eon- 
j(H-.t.ure about the asymptotic values of an 
integral function of finite order which was 
tiroved by .Aldfors in 1930. 

K. V. I. 


On the Prime-Numbers of Some 
Arithmetical Progressions. 

Erdos (Math. Zeit., 39, pp. 473-491) 
develops a method for the proof of the 
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Bort,ra4i<l-Postiila.t.<* , in t}i<‘ (*.as(^ of 

priine-iiunibors of an aritlinu'tical |)ro«Te8- 
sion a-r7id [{a,d} ™ .1 |. On account of the 
generalised priine-miinber theorem tlie Ber- 
trand-Postnlate (that there exists prime- 
numbers out of a i nd between ^ and 2|) 
is true provided | is taken sufficiently large. 
[Th(‘. limit depending on a & d.] iWiiseh 
had proved by considering the numerical 
positions of the hrst few zeros of the 
corres})onding ^-function that Bertrand's 
Postulate is true in the case of tlie i^rogrc^- 
sions rhi ± 1, ^in ±1, if ^ > 10'*, and by 
reference to a prime-number table lie reduced 
the up])er limit 10'** to 7. The author’s 
method is elementary and as such it is 
ai^plicable in the case of only a few 
progressions. The method is analogous to 
the Tchebeehef x)roof of the theorem that 

7T(n) =--= O ( — ). He introduces an integral 

\ljognJ 

expression 


[—1 " 

n n ia-\~lcd) 

™ ? and proves 

n I ^ 

some results in connection with its 

order and its structurc^^ (viz,, divisibility by 
primes, etc.). It is interesting to note that 
this metliod also enables liim to giv(‘ clernrn- 
iary proof of Dirichlet’s tlu'orem about the 
occurrence of an infinib^ number of [)rinu‘- 
numbers in an arithmeti(‘.al progiH^ssion in 

the case of arithmetical progn^ssionsfor which 

aid) --■■■ Z — <1. By means of a nunu‘- 
20 xd P 

p<d 

rical table which lu^ has (*onst.ructcMl h(‘ 

deduces that in all (arses wher(‘ d<29 this 
method is applicabh^ ; but in t h(‘ cas(‘ of 
<^----7, .1], 12, 25 and 27, "dd is to ]k‘ taken 
as the difference and in th(‘ c-ase of d - :-17, 
19, 22, 9d IS to be taken as the diff(U*(mc(‘. 


He also proves that if cr < -• *" then 

2(c/--l) 

Bertramrs Postulate about the progre^ssion 
ai-oid is true if ^ is chosem sufficiiuitly larg(‘. 
This applies to progressions of tlie form 
(hc±l, 12/c±l, and 127c + 5. (.*.4/c±l.) In 

the case of d=--6, the sharper result that, 
there exists a prime-number of the. xuogres- 
sion between | and 1-5 is true if f is 
chosen large enough. He next sharpens tliis 

result to the case when • 

“ id~l)( 2 d + l) 
He also calculates the lower limits for ^ in 
the case of a few. arithmetic progressions. 


Th(‘ low(‘r limits obtaiiuMi a,r<* far 8 
than those olitaiiuMl from ilu‘ fuio 
tlieory method. 

K. ' 


The Theory of Reduced Simple Contii 
Fractions { R(‘(l irzi rid - Rryc}} ind ssi yi's K t 
Hr if r hr.) 

7aj\u^ (.Math. A nil. AiOB.r) IhPl., pp. (il 
has (lcv(‘l()p(Ml ^•oniphp.dy th(‘ piar 
of this typ(' of c-ont-inmMl fractions. IN 
simpl(‘ ('ont iiUKMl frard ions a.n^ conthuH^ 

M 1 I 

tions of th(^ following iorm li , ‘ 

n, dr, 

wh(*.r(‘ a,r<‘ posit. iv(‘ inbg’i'rs 

for a 5^ 1. Th(‘ pa pm* is (! 
into t.hn‘(^ cha-pi.m's. lirst chapt(‘ 

with the int.roducHon to tlu^ IIhmh’ 
conecrus itself wit.h th(‘ sim]d(^ pro]uu* 

convergent.s a.nd lh(‘ (h‘V(*iopnH 

any nunilxn* aiS a. (‘ont iniKMl fra, id ion < 


t ypia 

Hero 

a.re somi' of th(‘ inter 

rcsultis 

(1) 

•j“ (ha-risisiNs inonolon 


(-') 

Id- Mb. Hb._,| 



0--vr-- , 


(■•i) 

1 n- 1 /i‘- 1 1 b' I , 1 . 

lb.,K. 


TIi(‘ siM'ond (‘haptm'is di^votcd to th(‘ st 
thi^ wa.y of a.pproa-i*)) of ih<^ eonvt' 
t.owa.rds tln‘ luimbm* whiidi is di^viddf 
a, cont.inu(‘d frai'tion of this type. < 
tions for a. fra.ct'on to a. (‘onvcrgtu 
rediK'cd simp!(‘ contimiiMl fratdion (l(^ 
numt of a.n ii*ral iomil nmubm’ arr 
whie.li aii'i^ ana.logous to t h(‘ lamditii 
the (‘.asc of t.h(‘ ordinary (*on(inu(‘d fr 
devdopmmd.. \\c conu' a.cross eertniii 
(vsting n^siilts in thi* Ihinl chapter, 
widiiid a, (h‘t.a.ihal and sysl (nna.t ii* s! t 
pcri()(li(‘. cont.innml fraidions of jins 
B(‘sults some of whom ari' a.nalogous 
cla,ssical t.hixirmns of Irigra.ng<* and 
in (‘oimcidlon wiili ordinary jxu’iodii* » 
(‘oiitiniKMl fnud.ions an^ enumdat imI. 
pr()V(‘d. paipm* also contains n 

whi(‘h gives us the diwidopimm 
Vn f l) ::: 2 t.() 99) a.s ‘<h (‘otitimuMl fracd 
this type. ldu‘S(‘ diwidopmmds p 
one advantage ovm* tln^ ordinary cont 
fraction devdopincnt ; for, w(‘ can 
the diophantinc equation Dy" 
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means of the former for \k\ < 2 and 
whereas by means of the latter we can solve 
the equation only for A’l ^ vB- 

K. y. r. 


“ Bleeding of Cements.” 

Ordinary Portland Cement when used for 
mahing concrete bloekSj lias a tendency to 
separate itself from tlie excess water used 
in the mixture, which hus been termed 
■‘bleeding-”. Very often, this leads to 
disastrous results in dams and retaining 
walls on account of the voids created by the 
free water which is subsequently removed 
by evaporation or otherwise. It is usually 
found that cements of abnormally low 
surface area exhibit an excessive tendency 
to bleed. One of the ways of getting over the 
trouble has been in using Portland Cement 
ground to a fine state of division. The 
latest development in this field has been, in 
grinding standard cement clinker to a superior 
degree of lineness in presence of a small 
amount of organic dispersing agimts which 
consist of polymers of condensed naphthalene 
sulphonic acids. An exhaustive study has 
been made by L. S. Brown (End Vhicj. Cheyn., 
.1.935, 27, 79) who has shown that the addition 
of such dispersing agents reduci\s the poro.sity 
of the gel ; hence the loss of water and the 
formation of voids in the concrete is consider- 
ablv diminished. 

M. P. V. 


The Vitreous State. 

ft. Hagg (J. Che)!}. 1935, 3, 12) 

correlates the tendency for the formation of 
amorphous melts witli the existence* of atom 
groups kept together with strong attractive 
forces. A melt having such structures so 
large or irregular as to render the addition 
to a crystal lattice difficult shows a large 
tendency for supscrcooling and glass forma- 
tion. Metals and simple compounds, which 
show little tendency to formation of such 
large or irregular groupings, do not form 
vitreous solids. On the other hand, a large 
class of substances such as the oxides of 
certain metalloids (such as Si, B, Ge) and 
the corresponding acids and salts show this 
quality in a large measure. This behaviour 
is attributed to the tendency on the part of 
metalloid atoms to co-ordinate oxygen in a 
definite way, which brings about the forma- 
tion of complex structures which retard 


crystallisation. This hypothesis gives a 
rational interpretation of the diminished 
tendency to form glass-likc melts in certain 
systems as the percentage of basic oxide is 
increased . 

K. S. G. J). 


Activation of Papain and Cathepsin. 

EiESULTs of a far-reaching character have 
been indicated by Purr {Bioolieyyi, J., 1935, 29, 
13) in the course of his extensive investigation 
on the relation between intracellular enzymes 
and vitamins. It was known, for some time 
past, that sulphydr^d compounds are specific 
activatons for proteinasos. In 1933, Purr 
discovered that vitamin O-Pe" complex 
activated cathepsin and arginase and later 
Masehmann and ITelmert (1934i .showed that 
papain, a proteinase of vegetable origin, was 
activated by vitamin 0 in presence of biva- 
lent iron salts, the vitamin 0-Pe" resembl- 
ing in this respect HCAT. The investigations 
reported in this paper show that the activa- 
tion brought about by different agencies 
are all of a similar character. 

Botli vitamin C-Fe" and pyruvic acid-Fe" 
activate papain only indirectly, as they are 
unable to activate purified, roversibly- in- 
activated papain (pr(*par(*d according to the 
method of Purr [Bwclumi. 7., 1935,' 29, 5]. 
LTnpuritied commercial papain, on tlie other 
hand, is readily activated. From the 
observation on the effect of fixed 8S -proteins 
on the activation phenomena of papain, 
it can be concluded tliat iinpurilied com- 
mercial papin contains iixed SS-forms of 
protein which the vitamin C~Fe" complex 
in the presence of tlie papain complex 
converts into tlu* 8FT-forni. Neither tlie 
vitamin C’-Fe" nor the papain can bring about 
the reduction individually. ^Similarly when 
oxidised glutathione and vitamin C-Fe" are 
added to inactive i)apain, the reduction of 
oxidised glutathione (or oxidised papain 1) 
is brought about. The activation of papain 
by vitamin C-Fc" apparently depends on 
the presence of HS-groups either in the 
glutathione molecule or in the fixed SS- 
protein. The real activators of papain are 
the sulphydryl compounds and the observed 
activation by HCjS, and by vitamin 0, 
pyruvic acid and succinic acid in the presence 
of bivalent iron, is an indirect effect. 

The activation phenomena of cathepsin 
are essentially similar to those of papain. 
The author concludes that papain and 
cathepsin in the active state are fixed 
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SH-proteins of delinite constitution, -while 
the reversible inactivation -forms of these 
enzymes appear to be SS-forms. 

P.. N. S. 


Occurrence and Distribution of Diatoms 
in the Punjab. 

The Journal of the Asiatic Society of Bengal 
(1934, 29, 307 -309) contains ''A Short lilote on 
the Occurrence and Distribntion of Diatoms 
in the Punjab” by M. Abdnl Majeecl. The 
author has pointed out that the bare wet 
^:arden lawns generally harbour a few species 
of Navicula and Nitzschia. The ponds, pools 
and tanks are the most productive places 
and the epiphytic Diatoms form an interest- 
ing part of the study of the algal-flora of 
the Punjab. Species of Surirella which are 
common in other districts have not been 
found in Lahore, -whereas species of 
Ehopalodia and F/pithemia seem to be restrict- 
ed to Lahore and its outskirts. According 
to the author species of Asterionella and 
Tahellaria so prevalent in Europe seem to 
be absent in the Punjab. 


Germ Layers of Certain Diprotodont 
Marsupials. 

T. Kerr has described some early blastocysts 
of certain Diprotodont Marsimials {Quar, J. 
MAero. Sci., 1934, 77, Pt. ‘ IT, No. 306) 
and has studied the formation of the germ 
layers. An almost complete series of blasto- 
cysts from the uniiaminar stage to that 
showung the appearance of the first rudiments 
of mesoderm has enabled the autlior to 
describe the origin of the endoderm and 
mesoderm. Tlie former arises as a number 
of isolated mother cells which migrate in- 
Avards and forms a continuous layer, similar 
to that described by Hill in Dasyurus. Large 
included cells from wdiicli Hartmann derives 
tlie endoderm in Didelphys are rare and 
when they are present, show obvious traces 
of degeneration. The mesoderm arises as 
an active ^proliferation of cells of the ectoderm 
in the formative area. xAt first continuous 
with the ectoderm, this heap of cells later 
separates and forms a distinct layer. 


The Zoological Relationship of the Conodonts. 

From a long time there has been a keen 
controversy regarding the exact zoological 
affinity of the conodonts. The vertebrate 


palaeontologists seldom claim them as remains 
of vertebrates, and the invertebrate paleon- 
tologists hesitate to classify them among 
the invertebrates. Thus there has been a 
tendency for each group of wmrkers to force 
the oAvnership upon the other group. 
Indeed this groux> of animals seems to he 
mysterious since their remains have been 
classified in such di^mrse groups as Pisces, 
Annelids, Moilusca, Crustacea;, etc. Bnt for 
a long time, hoAA’'eAW, they have been regarded 
as the remains of a certain group of fishes. 
In a recent communication to the Journal of 
Falceontology (Vol. 8, No. 4), H. W. Scott has 
made a detailed study of the conodonts from 
the shales of the Quadrant formation. From 
the characters he has deduced that the 
conodonts have a greater affinity to the 
group of Vermes rather than to Ashes. 


Sedimentation and StratLgraph 3 ? from 
Modern Points of View. 

W. H. Twenhofel, the author of the Avell- 
knoA\m Avork Treatise on- Sedimentation, 
has rendered a distinct service for geologists 
and sedimentary petrologists in particular, ^ 
hj revicAving the development of the study 
of sedimentation and stratigraxihy from 
the earliest times, in his lecture before the 
Society of Economic Geologists and Minera- 
logists {Journal oj Pal., 8, No. 4). The 
flndings of most of the geologists like 
Wrener and Cuvier have been eliallengefl 
since they were based on incomplete observa- 
tions and in certain cases on lack of knoAAderlge, 
Of Djte the detailed study of sediments 
esx)ecia]l 3 ^ by Barrell, Milner and 
Boswell has shown that sedimentation is a 
complex process and that all like sediments 
need not have the same history. The 
process itself depends uxx)n a number of 
variable factors and the sediments should 
therefore be studied as products of environ- 
mental conditions. In the words of the 
author “the sediments are not dead 
substances, but fragments of ancient history 
of Av^hich the reading is destined to make 
necessary the rewriting of much geologic 
history and the redrawing of much ancient 
geography ” . The common tendency to make 
generalisations regarding the origin of similar 
sediments must be avoided. Each must be 
studied independently and therein lies the 
key to the palseogeographical conditions of 
the past. 
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The Skull of Holocephali. 

OuE knowledge about the lish skull is far 
from being complete and recently a compre- 
hensive account of the Teleostean skulls was 
published by William K. Gregory. The 
primitive groups like Holocephali have 
received very little attention and the paper 
by G. E. de Beer and J. A. Moy Thomas 
in the Phil. Trans. ^ 1935 B., 514 , is certainly 
welcome. The former author l3y a careful 
study of the available embryological material 
of Holocephali elucidates the real nature of 
the palato quadrate attachment, the structure 
of the hyoid arch and the nature of the so- 
called ethmoidal canal. The pterygoquadrate 


is fused to the neuro cranium and an otic 
process is present. The skeleton of the 
hyoid arch is primitive and possesses 
pharyngohyal and epiphyal : it is non- 
suspensorial. The presence of the pharyngo- 
hyal points definitely to the conclusion that 
tlie ancestors were never amphistylic or 
hyostylic. The group Holo cephali must hav(‘ 
taken its origin from autodiastylic ancestor, 
from which also the selachian must have 
radiated. Thus the selachians are closely 
related to Holocephali. The third point 
which is stressed in the paper is about the 
ethmoidal canal ; this canal is an extra- 
cranial space secondarily roofed over when 
the interorbital septum is formed. 


Science Notes. 


An Interesting Im.plement for M u.d-hsking from 
TJUarbhag, Lower Bengal. — At a meeting of the 
Asiatic Society of Bengal held on 1th March, 
Dr. S. Ij. Rora gave an account of a device for 
securing Jiol Machh from marshy areas in Ivower 
Bengal, “A circular basket of the usual material 
and make, about inches in diameter and 23 
inches in total length, is used. One end of the 
basket is open and the mouth is strengthened by 
a circular band of broad bamboo-strips. At a 
distance of about 10 inches from the mouth, 
there is another band of bamboo-strips, after 
which the split-barnboo sticks are pulled together 
and secured by a loop of string. The loop is 
fastened to the nearest band. In this way, 
the other end of the basket is closed and made to 
serve as a handle for manipulating the basket. 

“The split-bamboo sticks, which run lengthwise, 
are about half an inch apart so that when the 
open end is dragged through mud, it passed out 
through the wide spaces and only the fish are 
trapped inside the basket.'* 

5l! 5l« 5|« 

A Note on the Distribution of Gloriosa superba 
Linn. {Vern'. — Bechnag, KulharU etc.) 

towards Vikarabad and Us mediclnai Importanee . — 
Messrs. M. Sayeeduddin and M. Abdus Salam, 
write : “We pointed out in our previous communi- 
cation to Current Science, Vol. 1 1, No. 3, Sept. 
1933, p. 83, that, while ascertaining the distribu- 
tion of Lanttrna cmnara linn, towards Vikarabad 
we met with at a spot aboui- 24 miles from the 
Hyderabad city a striking association of I^antana, 
Gyrnnosporia montana, Bidea frondosa, Tcctona 
grandis, Dodonrca viscosa and Gloriosa superha of 
which the last named wa,s found evidently for the 
first time in our excursions tow^ards this side. 
There is no definite record of its having been 
found this side before. The only reliable infor- 
mation one can got of tlie Hyderabad vegetation 
is from two works namely Forest Flora of tlydera- 
had, Deccan by E. A. Partridge (Pub. 1911) and' 
from The Madras Journal, Vol. XV (Pub. 1848) 
in which there are abstracts of botanical reports 
about Warangal and Dawdatabad districts. 
Partridge writes (p. 402) that ''Gloriosa superba 
is very common everywhere, springing up after 
the • rains in field-hedges and on the outskirts 


of forests.” I^ater on he mentions “Common 
in hedges, chiefly on black cotton soil.” The 
latter statement makes us believe that his obser- 
vations were made chiefly towards the Marhat- 
wari side where the soil is mostly black and very 
suitable for the growth of cotton. No mention 
is made about this plant in the Mairas Journal 
either, in which besides others, many plants of 
rnedicinal importance have been recorded. 
Gloriosa superba too happens to possess a few' 
valuable medicinal loroperties [ref. Kirtikar, 
Ind. Med. Pits., and Watt, Diet. Fcon. I' rod. I.) 
and it is strange tliat this i>lant lias escaped the 
notice and consideration of the author of the 
above botanical reports. 

It was summer time wdien w’e last visited 
Vikarabad. But in order to make a preliminary 
survey of its vegetation during the rainy season 
we undertook an excursion recently in August 
1934. What was most striking is the gradual 
spread of Gloriosa superba and its association 
with Gyrnnosporia montana (Family Celastrace.-e) 
whose root-action is claimed by Mr. Abdur 
Rahman Ivhan [r(f. C^smania- U nirersUy Researf-h 
Jour., 193 1), to be one of those responsible for 
tuiming rocks into nionim. In all the cases 
mentioned below Gloriosa superba. was found 
chiefly on Gymnosporm montana, which seems to 
prefer rather dry situations and hard substratum. 
Wliile Gloriosa si(pcri>a does not seem to be 
restricted to any particular kind of soil, it seems 
to have its own associations. 

The exact spots whore this plant was found 
w'itliin a distance of al)out 52 miles from tlie 
Hyderabad city are the following : — 

10 miles and 7 furlongs from tlie city — 
single plant on Gyrnnosporia monlana. Between 
10 and IS miles — At two spots again in the 
same association. Between 18 and 19 miles — 
At several places wuth Gyrnnosporia, profusely in 
flower. Between 20 and 2 1 miles — All cultivated 
land, in some places slightly hilly. No trace of 
Gloriosa. At 21 miles. — Gloriosa superba amongst 
dense vegetation consisting of Gyrnnosporia, 
Dodoncea viscosa, Zizyphtis .sp., and several herbs. 
Between 21 and 44 miles — No trace of Gloriosa. 
zAfter this nearing Vikarabad it was noticed at 
one spot only. But it was to be found again in 
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tlie tliick forest at “Anaiit Giri”, a Ijill about 
2 miles from tlie Vikarabad villa.ge. 

It seonis probable that Gionosa superha has 
ultimately found its way towaixls Vikaral^ad 
from the Bombay side where it is met with in 
abundance. It seems to have followed the 
other course also from I3ombay, that is r.\a 
Aurangabad towards Hyderabad, and it was on 
this side, we believe, that Mr. Partridge made 
most of his observations as is evident from his 
statement that Gloriosa superb a is found chiefly 
on black cotton soil. It is quite probable that 
Gloriosa superha has found its way recently to- 
wards Vikarabad. Furtlier investigations are 
in progress. 

Goat Breedhifj in Wcxtern India, — The Imperial 
Council of Agricultural Research has recently 
provided funds for a scheme of goat breeding 
to be conducted by the Government of Bombay. 

There are two well-defined pure breeds of goat 
in Western India, (1) the Surti, a small cream- 
coloured, hornless animal, reared on stall feeding, 
and (2) the North Gujarat goat, largely reared 
on grazing and principally used for meat and hair 
production. The scheme is intended {a) to study 
the tw'o breeds, the inheritance of their characters, 
their feeding and management contributing to 
high milk production, ih) to conduct feeding 
trials to ascertain the most suitable quantities 
and. qualities of Indian foodstuffs and their most 
desirable combinations for high milk production 
and growth, and [e] to investigate the compa- 
rative hygienic and food value of goat milk for 
feeding children, patients and invalids. 

The scheme will extend over a period of 10 
years and the work will be carried out at 3 sta- 
tions, Poona, Vaclaia and Ankaleswar. The 
Live-stock Expert to the Government of Bombay 
and the Nutrition Assistant wdth the co-operation 
of Mr. I. W. Moomaw and Rev, R. W. Eairbank 
will conduct the investigations. 

Hs :ic 

Ayr} cultural Research Institute, Delhi. — His 
Excellency the Viceroy performed the ceremony 
of laying the foundation stone of the Imperial 
Institute, at New Delhi on the 19th February. 
In the course of his speech His Excellency pointed 
out that the location of the Institute at Delhi 
whicli being more easily accessible will enable the 
staff to be in intimate touch with the Indian 
scientific workers, will remove the atmosphere 
of isolation, from w^hich the Institute, situated 
as it was at Pusa, suffered so far. 

Referring to tlie nature of research wdiich the 
Central Institute wdll undertake, His Excellency 
said, “There are problems of fundamental research 
which it is not possible for each Province with 
the comparatively limited resources to undertake, 
nor is it advisable that in the investigation of such 
problems there should be duplication of effort, 
and therefore waste of enei^gy and money. . , . 
It is my hope that the Institute will be regarded 
by the Provinces as an integral part of their 
agricultural organisation and that they would 
refer to it problems wLich are not of purely local 
interest or importance and whicli they consider 
suitable for investigation at the Central Place. ” 

“A number of young men return every year 
from Europe and America after taking research 
degrees but many of them do not at^once find 
the employment adopted to the full utilisation 
of their training. Any scheme wliich would make 


it possible for some of the best of them to devote, 
their abilities to agricultural lesearch would 
be of real benefit to India. This is a direction 1 
in wdiich private philanthropy would largely help 
by endowing as in otl-er progressive countries 
research fellowships tenable at the- Central Insti- 
tute.” 

sjc 

Institute of PopulaUoyi Research in India . — 

The inaugural meeting of the Indian Population 
Conference wdll be field at I.ucknow during the 
ensuing Dcicali holidays under the auspices of 
the Institute of Population Research in India. 

The objects of this institute wdiicli has lecently 
been started are briefly to stimulate and organise 
population researches in different provinces of 
India, to co-ordinate such researches as are now 
being undertaken, to hold general and local 
conferences and to publish the results of researches 
and discussions at such conferences from time 
to time. 

Population questions in India will play a 
great part in determining practical, economic, 
social and political programmes and it is the 
purpose of the Institute to collect statistics and 
data and systematise and co-ordinate scientific 
knowledge in respect of the various elements in 
the population problems of the country. Re- 
searches in the following special fields are now 
promoted under the Institute: — (1) Population, 
food supply and vital statistics : (2) Population, , 
crops and agricultural practice : (8) Population I 
and trend of population; (1) Indices of agiicultural 
productivity and population trend in the U. P.; > 

(5) Standards of living and cost of living indices ; ■ 

(6) Population, dietary and nutrition : (7) Anthro- 
pometric measurements of the inhabitants of 

U. P. ; (M) Comparative study of the numerical 
variation of different castes and communities ; 

(9) Economic and vital decline of the primitive 
people of India; and (10) Migration, rural, inter- i 
provincial and overseas. 

Further information regarding the Institute 
can be obtained from Prof. Radha Kainal ■ 
Mukerjee, University of Lucknow. 

* >!! »15 , 

Evaporation In India calodated from other 
Meteoroloyical Factors, l)y P. K. Raman and 

V. vSatakopan. (Scientific Notes, India Metc-fro- 
logical Departrncmt, Vol. VI, No. 01). — The paper 
contains a discussion of the mean monthly and 
annual evaporation at 80 stations in India. 

The evaporation is calculated from the formula 

E = (1-4:65-0-0186B) (O- f 4 + 0- 1 18 W ) D 

wliere E is the mean daily evaporation 
in inches, B the barometric pressure at station 
level in inches, W the mean wdnd velocity of the 
day at 4 feet above g:round in miles per liour, 
h the mean relative humidity and e the vapour 
pressure in inches of mercury. Monthly and 
annual evaporation charts have been drawn and 
discussed. The values of “rainfall eva- 

poration” at the 80 stations have been calculated ; 
these indicate the arid and the wet zones of tlie 
country. Finally, the importance of evaporation 
in salt-works and its iniluence on plant life have 
been discussed. 

* * ^ 

Earth Pressure Tables (Building Research 
Special Report No. 24. H. M. Stationery Office, 
Price 2s.) — These tables, published for the iirst 
time, give data necessary for calculating the 
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pressure exerted by granular materials on plane 
retaining walls of any batter, and are accompanied 
by a summary of the Revised Wedge Theory in so 
far as is required by the practical engineer when 
using the tables. 

>1: :1c 

Johrie's Disease of Catlle. — A useful and timely 
contribution on an important disease of cattle 
to which mucti attention has been given only 
of late appears as Bulletin 1B7, — New series, 
Dominion of Canada, Department of Agriculture. 
The nature, symptoms, post-mortem appearances, 
mode of the spread of the infection and methods 
of control of the Johne’s disease are described 
in simple language so as to be easily understood 
by the live-stock owner. Much is not known yet 
about the disease but what little is known is 
brought out clearly in this small brochure. This 
disease — like tuberculosis — is as insidious as it 
is fatal, scouring and wasting being its chief 
signs. The infection is spread by direct contact 
with the affected a-nimal or through contaminated 
pastures, ponds, etc. As there" are no known 
methods, yet, of cure or preventive inoculation, 
the only measures advocated are destruction of 
the affected and in contact animals or, at least, 
strict isolation and thorough disinfection of the 
premises. As there is much reason to class this 
among the deficiency diseases pi*opeiiy balanced 
rations with the necessary vitamins and minerals 
should be particularly provided to all animals. 

Certain additional information such as that 
sheep, goats and deer are also susceptible, 
though to a less extent than cattle, and that the 
disease is more often met with in low-lying and 
damp areas and also that the causal agency 
may be found in the rectal scrapings and in the 
milk of affected cows might have been included 
with advantage. 

Much work has yet to be done to investigate 
the extent of the incidence of the disease and to 
discover diagnostic, tlierapeutic and prophylactic 
agents for combating it effectively. It is most 
satisfactory to note that the Imperial Council 
of Agricultural Research has taken up this ques- 
tion in earnest and has also awarded a grant for 
investigational work in Mysore. 

It would be indeed most useful if this mono- 
graph could be tvansloted into the various 
vernaculars in India and distributed among the 
owners of cattle. — 8. D. A. 

* >i< >i« 

sooth Aiiniversarfj of the Fslahlishtnent of Che- 
viical liiduHtrley. hi A.oierica. — The American 
Chemical Society wall be celebrating at New 
A'ork this Spiing the tricentenary of the first 
serious American C'hemical enteiprise by John 
Winthrop, Jr. This will be a happy occasion 
for, few, even among chemists, have realised 
that the chemical loroduction of xVmerica — mea- 
sured in dollars or tons— is three times that of 
Germany, four times that of Great Britain and pro- 
bably, half of the entire world’s output. Modern 
American Chemical Industry is built solidly 
on research and holds a splendid record of achieve- 
ment. It may be mentioned that a recent siirvey 
of the activities of the research and process 
development laboratories of the chemical indus- 
tries revealed the fact that during the recent 
depression period, research was being continued 
without abatement. Many new processes have 
been developed for making products that could 
not be produced economically before and many 


new processes have been developed that have 
been designed to meet the needs of new' and 
better living conditions. 

During the celebration, a symposium on the 
■‘Economic, Social, Scientihe and Political Foun- 
dations of the Chemical Industries” by leading 
industrialists, financiers and scientists has been 
organised. A very elaborate programme has 
been arranged with the assistance of the Mer- 
chants’ Association, • arr and educational institu- 
tions and entertainment organisations of the New 
York City. Messrs. Lammot du Pont, E. M. 
Allen and George W. Merck, wull co-operate 
with the Committee of the American Chemical 
Society headed by Prof. Arthur Hixson, in 

making the necessary arrangements. 

Prof. William Whitehead Watts, the 

famous Geologist and author of tlie well-known 
hJe:),o u! for Ih'ijinne- s' which for 40 years has 
“provided the first introduction of the science to 
young Geologists in all the Englisli-speaking 

World” has been elected President of the British 
Association for the Advancement of Science, 1935. 

si! * H! 

The Ramaniijam Memorial Prize in Mathematics 
for 1933 which W'as offered by the Madras Univer- 
sity for the best thesis based on original contribu- 
tions submitted by an Indian (or one domiciled 
in India) on some definite branch of Ma-tliematics, 
pure or applied, has been divided equally among 
(1) 8. Chandrasekhar, m.a., for his thesis entitled 
“Polytropic Distribution” ; (2) S. Chowla, pIi.d., 
for “The Theory of Dirichlet’s L. Functions” 
and (3) D. I>. Kosambi, for “Notes on the 
Mathematical Analysis of Space”. 

5|« :]! sH 

Blement tviih Atomic Number 93, — Under tlie 
title Bo temiuni — an obituari/. Max Speter, in a 
note iniblished in Science (1934, 80, 58S) draws 
attention to the fact that the alleged element of 
atomic No. 93 and atomic weight 240, discovered 
by Odelen Ixoblic lias been subjected to rigorous 
X-ray spectrographic study by Walter and Ida 
Noddack at Berlin. Negative results for an 
element of atomic No. 93 were obtained. Chemical 
tests show that the specimen consisted chiefly of 
tungsten, vanadium, etc. and tungsten was respon- 
sible for the observation that had led Kobhc 
into Ills erroneous statement. 

* ^ 

JrrUjaiion Research in U.P., 1933-34. — The 
activities of the research section v/ere confined to 
(1) the investigation of losses in w'ater courses 
and in channels, (2) the study of the best 
means of lining channels and winter courses, and 
(3) the design of distributary heads intended 
to exclude heavy silt. As it was of' great importance 
to ascertain whether the lining of w-ater courses 
was economically justified in tube-w^ell projects, 
a very large number of experiments w'ere under- 
taken to asceitain gul losse.s. The losses in small 
water courses varied with the depth of wmter. 
At present, the prevailing low prices make the 
lining of channels a doubtful economy. A number 
of fresh observations of losses in distributaries 
and minors showed that in gene)*al, the^ large 
channels gave smaller losses than the small ones, 
which fact lends colour to the view that the 
greater part of the losses occurs through the sides 
of channels. The greatest scope for lining is in 
small channels and water courses, and with this 
object several lining experiments were conducted. 
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A new foriii of lining, consisting of from one liaU 
inch to one inch thickness of cement mortMi*, 
reinforced with open weave hessian, was found 
nsefiih Tests into a number of silt-exx*hiding 
heads constructed on different distributaries 
show tliat there are no means of complete silt 
exclusion ; all that is possible is to reduce the 
amount. Experience on tlie Sarda (.-anal lias 
shown that regime slopes are a function of the 
silt factor or type of silt transported, and that 
with a fine silt are associated flatter water surface 
slopes. Valuable silt distribution curves obtained 
from the Eesearch Institute, T^ahore, have shown 
that silt sampling is a most useful adjunct to the 
studv of channel behaviour. 

*' tl: Hs 

Annual Beport of the Director, Refiearch In^tilnte, 
A. &: U. Tihbi College, Delhi, for the year 1931-—- 
This institute was started in March 1930 and is 
devoted to researches on the chemical constituents 
of indigenous medicinal plants. Valuable work 
on the alkaloids of Holarrhena antidysenirica, 
which has acquired immense medicinal interest 
through the pharmacological and therapeutic 
investigation of Col. Chopra and his co-workers 
as a cure for amoebic dysentery, has been carried 
out by the Director and his collaborators. The 
synthesis of the chief alkaloid of the plant Cones- 
sine has been acliieved and this is a matter of 
considerable industrial significance. Among other 
researches carried out at the Institute, mention 
may be made of the work on the constitution of 
ajmaline and its subsidiary alkaloids, isolated 
from the Rauwolfia serpenfina, Benth. These 
alkaloids have been successfully employed as a 
cure for violent insanity, chronic insomnia and 
chronic uteiine and intestinal sluggishness. The 
\vork relating to the alkaloids of Cassia ahsus, 
Linn, also deserves mention. 

In this report, the Director has stressed the 
need for expanding the Institute so as to include 
a Pharmacologicai Section. Tins is only appro- 
priate as the w’ork of the Institute is of a specialised 
character and calls for the co-operative efforts of 
organic chemists and pharmacologists. We hope 
that the authorities would be able to supply this 
long-felt want at an early date. 

^ 5K 

Indian Cheriiiral Society — Elerenih Atinual 
General Meftbai, 1935. — Vt the annual meeting 
held on the Itli January 1935 with Dr. N. R. Dha-r, 
the President of the Society, in the Chair, the 
following office-bearers were elected; — 

President: Sir TJ. N. Brahmachari (1935- 3(5 ) ; 
Vice-President ; Sir Martin Onslow Forster (1935 - 
37); Honorary Secretary: Prof. R. Bay (1935); 
Honorary Treasurer : Dr. Sudhamoy Ghosh (1935): 
Honorary A editors : Mr. P. C. Nandi and Mr. 
.1. P. Mookharjee (1935;; Ordinary Members: 
Prof. R. X. Sen (Bengal) 1935-37 : Dr. T. S. 
Wheeler (Bombay) 1935-37 ; Dr. P. C. Guha 
(S. India) 1935-37 ; Dr. Iv. R. Krishnasw’ami 
(8. India). 

The President presented the Sir P. C. Ray 
70th Birthday Commemoration Medal for 1933 
to Mr. Susil Kumar Ray for his work on “Poly- 
halides” adjudged to be the best paper for the 
competition. 

The President announced that iMr. Pulin Behari 
Sarkar has been recommended by the Board of 
Examiners for the .1. M. Das Gupta Medal. 

A Special Committee of the Council was formed 
in order to consider the advisability of instituting 
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Associate luenibcrshi p, pehlisiiifcg leillffi;! 

and abstracts of pa.piM*s in Ihadoarnal of //c- Ai 

'-K ■l<- 

VVe acknowhalge, wh Ii tha.uks. the j-eccipl of 
the latest niiinbta' (Vol. VI, No. L I>ec. 19.>!) hI 
the Quarterly Journal publisluMl by t!u‘ ( uMvlogica), 
Mining and M(*(ia!liU‘gic:i 1 S(>ciet\ <>t liuliji, 
(hlcutta. Tlu^ Socith y iiu.s t o be <Mmgrnt ul:<|«nl 
on having su(ur(‘ssruny iMin (h(‘ journal for dirst' 
six y(‘ars’ thus j)r()vi(liug a. nu'.-ins of j >ublicari,,n 
foi* s(w<n-al iuii)()rta,nt i)n,pers on geological rnrl 
allied sul)i(‘ets from wot'kia*s in dilbu’cnl pads uf 
India. The giumra.l gvt-iip of tfm journal is 
quite* good. It' sl-rike’s us, howe\’cr, I hal jh(‘ 
ra.tes of subscription charged (Annual IN. {(>, 
Singhi co]>y Bs. (>) aia* a. Id-ilc too much, even, 
after providing a widi* mai-gin for Ihc high cost 
of scientific puhlitad-ion, in India. \\ c wish Miti 
journal a useful a-iid prospia-ous caretu'. 

Hi ‘t‘ 

We have re(H‘iv(Hl three numbt‘r.s of N'olmuc I 
of Alarrlaye Hmyiene, a, mnv .lournal whiefi j.s 
published from Bombay iin<l(‘r the I^ldd oi’ship nl 
Dr. A, P. Pilla.y. '’Ihie journal is irdcndcil ta 
diffuse sane and scientific ich^as of sex problems 
and the use and tt*ehnl(|U(‘ of con(.ra.cept ic mMliuds 
among the educattxl India.ns. NV ri( ing abotil ihe 
journal, Mrs. Edith I low- Mari in (*xpresscs as 
follows : — 

“If this new journal of Marrittye H ytjlou' ran 
help to bring the light of sci<‘ntili<' krjowlcdge f(» 
bear upon and to- ovcu’coim* <‘\'ef» sonn* of lln* 
prejudices and social and r(‘]igioiis (abo«Ks willi 
which marriage! is sm‘rouiul(*<l, it- will make a 
notable contribution l-o human h.appim'ss.” 

Our sentiments nva idi*ut. leal. The riumbta’ for 
February 19.35 cord-ains a-rtiel(‘s wriUen by the 
well-known writ(,*rs lik(‘, lluAa'lock Ellis, \\ , 
Geikie-(lobb, G. L. Gillin, B. U. Awat-i, Waldemiir 
E, Coutts, Paul Poixuua*, (h S. (dmi’ye, A. lb 
Kaufman and oth(*i‘s. 

We acknowh*(lg(^ with lha.nks the rer<‘ipt th’ (he 
following : — 

"‘Actualilavs S fiiad-i (iipies <‘l. I n In d rieli -.f \ 
Nos. Ifil, H):b i'A, Ifih Ifi7, 170 175: ITS iTli; 
LSI, ISS, 191, 195, 197, 1 9S, 205 aaul 20S. 

( Hermann et ci(‘, Paris). 

‘•.lournal of .Agi*i<*ii K.iira.l Ilivsimreh ” \b>l. Ill, 

No. 9, Nov. lO.'M; Imh'X to \b)l. IS, .lam I .lid\ bh 
1034. 

‘‘.lournal of AgricultiUi’c a.ml Li\'(‘~st.ock in In iia," 
Vol. 5. P('. 1, .lanuai'v 192,5. 

“Tlu^ .lourrcil of ( Ik^ Iloyal Soeid v of Arl ^ ' 
Vol, 83, Nos. 12SS- I29 1. 

‘•imlian .Jour/ia.l (O' Agricidl ur.il S-i-nc-’,” 
Vol. 1, Part VI, l)eei‘ml)ej* 1931. 

“.lournal of tlu* Ann.a.mala.i lb:iv<‘rsd y. "N'ol. IV, 
No. 1, .lamia.i-y 1935. 

“Biochemical .lournal,” \b)I. 2S, No. 0, \’oI. ”!). 
No. 1 , 1935. 

“ .\ni(*ricarL .rourna.l of ISoi any,” N'ol. 22, No. 1. 
January 1935. 

“The ,Toarna.l of tla^ lns(itid(‘ of Brrwimu” 
Vol. 41 (Vol. 32'— Nenv S(*ri(‘s), No. ‘2, b'chruarN' 
1935. 

“ Canadian .foil rna.1 of Ruscn.rch,” \’oI. !‘3, No. 1, 
Jan. 1935 : and Index to Vol. I I, .lldy-Dec. I9,’ll. 

“Chemical Age,” Vol. 32, Nos. SLLSlib 

“Rcrichte tier I>(‘utselu*n Clunnischt'n (Je.st'll- 
schaft, ” Vol. fiS, No. 2. 

“The. Journal of the Indiati Clu'iuical So(*iet y,” 
Vol. 12, No. Ij January 1935, 
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“ P’ V i a! S( ai ’am lv<‘C(>i‘<L ” \'(»!. 71 , No. (*» 
\'o!. T:i, No. 1. 

l<\>rasl ar. ' \’oI. <>l. No, li, bVlaaiai’y 

1!^:;:* \o. Main-l) i9:ir>. 

“ i‘'( »!•,'•.(•} ut nu'tai luul b\n‘t sciiril'i o , ” \7)1. 12, 

Nos. Id. 

“'I'lir ( ,*iiar( t'rly Journal of ( M‘()losj,ical, Miruii;j;- 
am! M rt anurL*i(’a! Soiaoi y oi‘ Imlia, ” \'ol. (i. No. 1. 

“lo'porf. ou Mm‘ J>r(i Ijnpiu'ial M ycolou.-ioa,! 
( 'oui’oronta*, ” I IKJ ( . 

“lo'poiJ. of IIk' 22ml Anrmal ( ’oijrc'iuaMa' of 
lMlura< *h >t\al Assofiat ions, " !u IJ at Hk' nuiv'orsil y 
i 'ollriaa I a)U(Iou, 1 n‘‘ f . 

“ I nioti of South Xfrica h’ishor'K's a, ml Marim^ 
rJof( »i’Joa I SurvTv” Krpoi’i No. 11, Tor tlw* ycau* 
tauliu •; I ><*f(‘nilK‘r 11l.‘2h 

“ Ivrporl ol* tlu' l<\M’im‘ut at iou I !ulustri(‘s for 
IPJ.I," )>y H. II. Hopkins and 1'*. WA Norris. 

“Second Ht‘port of t h<‘ I'oNal lnslitut<‘ (J* 
Science, !h)nihay” (H)2(M!KU).' 

“Indian .lournal of Wd <‘rinar\- .Sci(nic(‘ a, ml 
Animal 1 1 \is}>amlr\ , ” \'ol. 1, No. I, I letamilxM* 

liKH. 


“ S(‘ri})l.a. Matlunnatica, ” Vol.3, No. 1, January 
11)2.7. 

“NaJuria” \A)!. IMo, Nos. JlOjSUOT. 

“NaJui-al lllsiory,” .lanuary 192.7 and February 
192.7. 

“JMie.fournalof Nuti'ition, ” V'ol. 9, Nos. 1 and 2. 
“.loiu'iial oT the Osiuania- University CoUe<^‘e,” 
Vol. 2, 19:H. 

.lournal ol’ Ulnmncal Pliysies, ” Vol. 2, 

No. 2. 

‘Mom'nal de (Jiimie tNi vsi((no, ” Tome 21, 
No. 10; d\)ni(‘ 22. No. 1. 

Indian d’ra.de .Tonrnal,” Vol. 110. 
Nos. 1 19I-119S. 

“ Indian .lournal ol’ AUalieal Researcli,” Vol. 22, 
No. 2, .hinnai*y_ 1 927. 

‘NMarria^(‘. lly.yietu',” Vol. t, Nos. 1-2, 193d-35. 
“ I lepartnnmt' ol' ( 7)nune!‘(aal Intelligence and 

StaJistic*.*^, ln<lia, Monthly Statistics of the 

Prodiud ion ol ('(‘rt ain Selected Industries of 
India.” OeJoher 19.24, No. 7 of 1934-25. 

‘‘ Hulletin of tlie Patna Science College Philoso- 
]>hical Society,” No. 5, Jan\iary 1035. 


Academies and Societies. 


Indian Academy of Sciences. 

( /h’oeerdU/'/.s, Vol. I, No. S.l 
SIKHMON A. 

P». \‘. H V(jnAvr;NM)K.\ P.\o : Itann'nudioh of 
J/n/ceu/nr/.v Sntlh'rt'il LUffit ividi <( F((hri/-Pcrol 
Klolon. I*ati II. I/kju'uIx : Tohc'iir and Carhon 
Trfnttddttritli’. It is found tlud- th(‘ ndat-ivt^ 
inf rmHif ie.s of tin* ef'riilral to tin* out<(*!’ DoppUu’ 
components is mucli giM*at-er foi* caj'hon, t(‘tra- 
cidoride t iuui foi' tohu'tn*. '‘Pin* shitt., r(‘port(‘([ by 
('ahaniies, of I In* e(*nti*al H.ayl(*ig’h line towards 
the rt'd is unreal ainl is <hie to tin* Ihictuatlons ol. 
t (Mipu'cat ur(* and pcessurt* of t-ln* sm'rou rulings. 
2'. S. SruHAHAVA : On Ihc {indi/sis of Ida* Hand. 
Sjx'rfnnn of (didniinin. Tin* p(‘cu!ia.r b(‘havioiir 
of the ^p-oiind si alt*, ohservi'd by tin* a.utbor for 
nn‘r<‘ur\\ in luiving A F‘”s which in<*reas<‘ at 
(irst arid then deeri‘as(*, and in ha.ving a. la.rg(*. 
anharnmnic term, is lound also in (In* cast* <d 
cadmium, M. A. (loviNU.x Pau and P». N. 

\n.\swa.mv: I'llfcf'l of Sidrrnt In. Dipole 
Mionrui .1/ reinenls. Dol(n'is(tl ion an f Mooir.ni 
of .\ Six dilTer<*ni' solvents lia-va* 

lii'cri usrnLnml tin* sti’H'diire of (In* NOo group 
is dis(niss(*d. M. A. ^loMNDA PAD: d'/teorif of 
Die Stdrtod fO'frrl in Dipole Moment A/cn.sn/v- 
menls. On the h.asis of the th<‘oi*y of Parnari 
.and Ixrishnau of anisoti’opic held eonst-aaits 
prevailing in a lifpiid m<‘dimn, ii rigorotis (‘xpia'S- 
si<uii is <lei’iv(‘d for the pola risatlof) ol u. solute* in. 
inliniti* dilution in a nompolar ,solv(‘nt, alt'<‘r 
ermiimdiug tin* imh.U'nee of t-ln^ solv(‘nl. ;\. N. 
Mm.dim M AND K. s. \'\iDVANA'riiAN : Sf/nlhe.sis 
of Sahslanres DeUiled to (Undiinillie and (Umnnur. 
.lettv. ddn* synthesis is (‘tTecled through the. 
coudiuisat iorj of chloral wit h 5-hy<lroxy-»Diohhc 
aciil. S. (hioWLAiO// Sams of Poirers. S. 
(’now LA : Home InjinHe Series. S. (JrowLA AND 
S. SAs'CiiV : 0)1 Hums of Doirers. IN K. Skshan : 
('hemietd HlndieN on ('o(d.--\. study ot a luiiuber 
of cr>nls from the Indian and tlui .American coal- 
fields shows that cellulose is destroyed very 


imi(‘J) more ra])idly than lignin at the earlier 
sta.ges, a.nd more slowly tlian lignin at the later 
sta.g(*s of coalihc.ation. P. .K. AsuNOi, C. AT. 
PiiAsKKi;. Ra.o and P. S.VMiiRL : On the Ah'iorjitlon 
H})ee(ra. of Sinne Ordano-MeiaUle Compounds . — 

I linu't-h yl, di(‘tbyl and diplienyl mercury, and 
diphenyl lead are among those studied in the 
vjipoin* state. 2dn* results are discussed with 
Frank-( •ondon diagrams. K. Nagabhush.\nam : 
n 

On. Ike Dorm, S pr d(d‘— lid/. S. Chow.la : The 

I.aUiee J^oinls in. a. Ifppersphere. 

SUCTION B. 

S. S. P.vrwAKDMAN : On the N/rnc/io*e and 
I\I ee/i(tnis)n of the Oaslrlr Mill In Decapoda. Ill — 
Hhmelnre of the (taslrlr Mill in Anomura . — The 
s(‘V(‘n types of Anomui*a examined contained a 
c.ojnplex ga.st.i.‘ic mill. A brief account of the 
c(>i*dia.c: a nd tlu* pyloric stoma.ch and a comparative 
a.c-c(umt. of the ])rincij'>al ossicles of the gastric 
mill is given. S. S. Patwardhak : On the Strue- 
Inre and M eehanism of the (atstrie A/illin Decapoda. 
J r. - The Sirnelnre of (hedaslric Mill in RepUmtous 
M arnira.—AA\c suborder Macrura can be divided 
into two groups {a.) Pepi-antous Alacrura compris- 
ing crayiishes and lobsters, and (/>) Natan tons 
Ma.c!*ura (H)m])rising prawns and .shrimps. The 
former grou]) is characterised by a universal 
})r<.*.s(‘nc.(‘' of tb(‘ gastric mill. Bahadur Singh 
AND 2\ N. Sm.VAUiHn : The Dametopinjics of Nep- 
tiinia, olej'acea., Jjtmr. B. N. Singh and 14. S. 
(hiDUDURi. : Induced M orpholofjical . Phnsioloijlcal 
and. Chemical Variations Folloirimj Seed-Exposure 
lo X-Radiation in Nicotiana tabacum.— As a result 
of the treatment with softer doses more vigorous 
{\,nd healthy crops can be x:>roduced. Variabilities 
in offspring are ])roduced by X-radiation. T. 
Ekambaram and Kama Kao Panje ; Co)itribidions 
to Our Knoivledge of Balanopliora. I.-— The morpho- 
logical relation.ships of the liost witli parasite as 
well as the manner of origin of the inflorescence 
has been dealt with. 
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Indian Chemical Society. 

(Vol. XTT, No. I.) 

C. PiiA'^AD AND J. B. .Tha : Potent io met Hr. EslH 
mation of Cojrper u-ith Sodium Sulphide. B. K. 
Baner.tee : Studies in Acid Anhydrides. Action 
of SernicarhcirHdes on Anhydrides of Dibasic. Acids. 
B. K. Chatterji and B. L. Yaish : A Note on the 
Determination of the Viscosities of Solutions 
by the Scarpa jMeihod. B. N. Ghosh : On a New 
Type of Liquid-Liquid .Jmiciion. Edward 
Barnes : *-1 Note on the Reduction of Selenium 
Dioxide by Carbon Monoxide. PuLiN Behaiu 
Sarkab : On the Tensile Strenyth of Jute-fibre. 
A. B. CtKOSh and B. C. Guha : Vitamin C in 
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Indian Food-Huffs. Salimez/aman SiDDK^ri ANi> 
ItAEAT liiis'.SAiN SiDDK^viA : I'hc AlJculoids (if 
BaiiwoKla. licidh. t\(H //. ShuUt',^ 

in the .■[j}}udin<' Scr}('s. II. M. .M ai‘AKv\ : ,} Xolr 
on the I nfiucncc of Aei(Tdy o/ Aiytr on ihe l/icsi'qmuj 
Rinqs of Lc(t(f Chro}}}afr and Inud LuHdr. PinvADA- 

R A N .r AN 1 \ A a: a n 1 ) Ann. 1 \ r .m a r ' 1 a z i ' m - 
DAR : Jljylr(r:i Hides of Meiallu' Ph losul p/udrs, 
A. C. (Rl’osil AND SUKOIMAH. Sl-'.N *. <>}t I lu' A^yutlu'sls 
of Iliyher Ihf rtf (fnts from \]d(ft‘r O'as. Tfu' f'sr of 
Promoters for Aeiintrnui I ro^m'sppt'r Ctduh/si, 
8. M. AHnniJ.AiJ : Addiiiim of ('om pounds rom 
laininy Reaetire Methylene (hu)U}) teith IdtcitylvimjU 
ketone. 


Reviews. 


Handhxjch ber Eabiologie. Herausge- 
^eben von Prof. r>r. Eric Marx. Band 0 : 
Quanten-mechanik derMatiere und Strablung. 
Zweite Xudage der ‘‘Theoricn der Eadio- 
logie.” Teil 1; Atome and Elektronen. 
Pp. 466. Price 43-E.M. (Leipzig : 
Akademis die Y erlagsgesells ch af t . m.b .PI . , 
1934.) 

The first part of this volnm.e is devoted 
to the quantum mechanics of electrons and 
atoms and is divided into four chapters deal- 
ing respectively with the general theorA^, 
excitation and ionisation, electron theory 
of metals and nuclear physics. The third 
chapter is the shortest in the hook covering 
about 50 pages and the last chapter is the 
largest vntli about 200 pages. While the 
scope of this Handbook is naturally more 
limited than the Avell-known Handkitch der 
Physilc of Geiger and Scheel, it possesses ali 
the advantages that a condensed account 
can give. 

Chapter I : — This chapter contains all the 
essentials, from the point of view of a 
Physicist, of the theoretical portion of 
quantum mechanics. The knowledge ot 
mathematics assumed on the part of the 
reader is not very great, such topics like the 
theory of groups, Hilbert space and matrices 
not being treated in anj detail. A striking 
omission is an account of quantum statistics 
which is of the highest importance in special 
branches, specially the electron theory of 
metals. This chapter contains an article on 
mathematical preliminaries which is as 
devoted entirely to eigenfunctions and is as 
sweet as it is short. A very welcome feature 
of this article is the inclusion of Perron’s 
theorem on the nodal points (lines or surfaces) 
of a wave function. The best part of the 
chapter is § 8 which gives a masterly ex- 


position of l>ira.(''s fili<‘ory of l li<‘ clc 'lroii 
in the short spiua^. ol‘ iAVt'lva^ p:ig(‘S. 

Chapter IT : — This (*lia.|){.(‘r <‘on(aiiis a vevy 
full account of th(‘. (vxp(‘rini(‘ntal n‘siilts rchib 
ing to excitation and ionisallon. To r(‘alis(^ 
the vast amount of (vxp(a'irm‘ntal work done 
in this branch (mo n(ual only (*oin[)an‘ Oils 
chapter with the \v(dl-kn()wi\ book of i^'raiuk 
and Jordan on th(^ (‘xeit.a.ii<ni of (piaiitiim 
jumps by collision. One would ho weaver luivc 
wished to sec in tliis chapt(‘r a- h'Hh' of llii* 
theory of the subj(‘(‘t d(n'(‘lo[>(‘d succinctly, 
at least tlie tlu'.ory of ('oJisious. Also the 
account given of Huu’mal (dT<Mds is raiher 
inadequate. On ]>p. 22;5 and 225 lh(‘ name 
of Salia is curiously writl'(‘n as mul 

Saha”. The. word 'Vinaitrou" app<‘ars on 
1>. 191, but a perusal of th(‘ artieh' in (picstion 
shows that th(> authors a-re, using it in ila' 
sense of the mait.rail Il-atoiu. It imist 
however b(^. ])oinj.(Ml out Hiai such a couipn'- 
liensWe trc^atiueut. of t-lu^ subj(M*t collect ( m{ in 
one place is perhaps <lidi(*ult. to (iud elsewhere 
and this is spc'caally l.ru(‘ of photodouisation 
in the Eoutgiai r(‘giou ajid (‘xOtaiion am! 
ionisation of aJoius in solid bodiias. 

Chapter lU : — TIu^ Hu'orOjhaiJ aspect ol 
the electron theory of nudals ca-ti bt‘ formu- 
lated, thanks to tlu‘. lA‘ruii"! )irai(*. .statistics, 
in such a logical way that’ it. is possible to 
present a coniUHd.ed a(a*ouut- of t he suhjiM*!. 
in a short eoinpaiss. (list iuguislied 

author of tins cha.pti(‘r, who is a r(‘coe’i)is(Ml 
authority^ in Ihe, iidd, has tnad(‘ us(‘ of 
this fac't in prc^scaitiing what’ is (uisily one of 
the most readable accounts of th(‘ 'subjeet. 
After preliminary theoreHeal eonsidcaxit ions, 
the Eermi-Birac statistics is (‘xphiiiual a.nd 
direct applications a.r(^ nlaldt^ to the passage 
of electrons through metallic snrfa.ces, opt ical 
and X-rays properties of metals and to 
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conductors^ semi-conductors and insulators. , 
Tlie tlieory of conductivity lias one complete I 
section devoted to it wherein all the related 
phenomena are briefly discussed. The com- 
plete omission of suxira-conductivity in this 
chapter can certainly be justified on logical 
grounds since the extant electron theory of 
metals does not apply to the interaction 
of conduction electrons ; but at least a 
mention of the theoretical difficulties and 
experimental results would have been very 
welcome indeed. The author departs from 
the usual practice in calling the Fermi- 
Dirac statistics merely Fermi-Statistics. 

Chapter IV : — No branch of physics, not 
excluding theoretical quantum mechanics, 
has made and is making such rapid progress 
as nuclear physics. Experimental results 
follow one another with lightning rapidity ; 
it thus happens that this chapter written in 
3932 has no mention of tlie positron or the 
hydrogen isotope. A logical treatment of 
the subject is also out of question since even 
Dirac’s relativistic theory of the electron is 
not adequate to treat problems of nuclear 
structure. Considering these handicaps, it 
must be said that the author's treatment of 
the problems of nuclear physics is really an 
achievement. The account is no mere 
catalogue of experimental results ; quantum 
mechanics is freely applied in the discussion 
wherever possible and. the difficulties pre- 
sented clearly. In particular, the inade- 
quacy of Dirac’s theory is very well brought 
forth in the last section of the chapter. 
This judicious intermingling of experi- 
mental and theoretical results throughout the 
chapter makes it of the highest value to every 
worker in the subject. The neutron, how- 
ever, is not given a theoretical background 
the reason being, perhaps, that Heisenberg’s 
papers on the subject had not yet been 
published by the time this book went to 
press. Very full references are given to 
original pa])ers without any unnecessary 
attempt at a complete bibliography. A 
curious error noticed is that in the Namen- 
verzeieJm'is, ]). 458 the name Oi Mott is given 
as Mote 1 

B. S. M. 

Handbuch dee B-adiology. Toil 2 : Mole- 
kule, Pp. viii + G04. 56 gold marks. 

This Handbook ha.s been specially assigned 
for the quantum mechanics of a molecule. 
It contains authoritative articles on Band 
Spectra and Structure of Molecules by 
B, de L, Kronig, Electrical Properties of 


Molecules by P. Debye and H. Sack, Bayleigh 
Scattering and Baman Effect by Gf. Placzek, 
Molecular Theory of Magnetism by F. Bloch 
and Quantum Tlieory and Homonolar 
Binding by W. Heitler. 

B. de L. Kronig has dealt first with the 
rotation vibration spectrum of a diatomic 
molecule, the vibration structure of the 
electron bands and the multiplicity of the 
electron states. He has also given the 
general treatment of a diatomic molecule 
and the symmetry xiroperties of the energy 
levels. Tiic explanation of the phenomenon 
of predissociation has been offered in a 
separate section. B. de L. Kronig’s article 
is quite simple and clear though he has 
expressed, his ideo.iS in a concise manner. 

P. Debye and H. Sack commencing with 
an account of the Clausius-Mosotti law and 
the Lorenz-Lorentz law, have presented a 
clear account of the theory of electrical 
polarisation and its dependence on tempera- 
ture followed up hy the idea of dipoles in 
molecules. They have devoted a section on 
dipole moment and chemical structure of 
molecules explaining how the vector con- 
ception of dipoles are helpful to determine 
the structure of molecules. Then follows a 
chapter on dispersion phenomena in gases 
and liquids. The last chaj)tcr in the article 
deals with the phenomena arising from the 
electrical asymmetry in molecules such as 
the Kerr Effect. They have also dealt 
with the relation between the Kerr constants 
and the structure of molecules. 

G. Placzek has done a very good service 
to scientists in giving a fairly comprehensive 
account of the theory of the Bayleigh 
Scattering and the Baman Effect. First 
deriving the Bayleigh formula for the scatter- 
ing of light, he has presented an account of 
Dirac’s theory of the scattering of radiation 
with a general ’discussion of the scattering 
formula and a discussion of the same for 
freely oriented systems. Next he has ])re- 
sented the foundations of the |)olarisability 
theory whose conception explains the origin 
of the Baman lines. In particular, one 
needs to know the symmetry^ properties 
connected with a given polyatomic molecule 
to find which of the normal modes of vibra- 
tion would be active in the Baman Effect 
and what would be the intensities of the 
Baman-radiations scattered by a molecule 
relative to the incident radiation. G. Placzek 
has therefore, devoted a separate section for 
I the symmetry properties and then he deals 
‘ with the relation between those properties and 
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the selection rules for the Itanian transitions. 
As some examples, he has eiveii tin^ applica- 
tions of tlie theoiy to some well-known 
molecules and has suAyested that tlu‘ infra- 
red spectrum and tlie Eaman spectrnin of 
g’aseous benzene are of the liia'liest int(‘rest. 
After these simple cases, he has also ; 2 :iven 
a treatment of the s])littin«‘ ip) of tlie llanian 
lines in CO.^, C% and Nil,. After- 

wards the theory ^of tlie rotational Ivaman 
lines has been dealt with reproducinG: two 
beautiful photographs of the rotational 
Ivaman vSpectra of nitrogen and ammonia, 
the first one taken by F. Itasotti and tln^ 
other taken by E. Amaldi and himsdf. 
He closes his article with a section on (un- 
pirieal data connected with the calculation 
of the polarisability, etc. This article would 
have been more comprehensive, and com- 
plete if he had devoted a separate section 
on the theory of the vibrations of various 
point systems nnder internal forces as tliis 
subject is very intimately connected with 
the explanation of tlie Eaman spectra of 
molecules. 

F. Bloch opens his article with the general 
facts of magnetism with an account of the. 
thermodynamic relations and magneto-calo- 
ric effect. Then he gives the theory of the 
diamagnetism of atoms and molecules both 
from the classical and the quantum mecha- 
nical standpoints, and the diamagnetism 
of metals. In the section on paramagnetism, 
he gives the classical Langevin theory, the 
spin of the electron, the paramagnetism of 
atoms and molecules and that of the free 
electrons. In the section on ferromagnetism 
he deals with its characteristic properties, 
Weiss’s hypothesis of molecular Helds and 
Heisenberg’s theory of ferromagnetism and 
the theory of ferromagnetism at high tem- 
peratures. He closes Ids article, by sections 
on magnetic anisotropy, m agnetostriction , 
‘Aemanenz” and hysteresis. 

W. Heitler has treated first with, the 
nature of valence forces with an account of 
the interaction of two hydrogen atoms and 
a helium atom and a liydrogiui atom. T1 k‘u 
the relation betw^een the Periodic elassilica- 
tion and the Pauli Piinciple, the general 
theory of the interaction of atoms followed 
up by the details of the perturbation cahuilus 
pd lastly the theory of the directed valence 
in ].)oly atomic molecules have been treated 
in various sections. 

Every article in this volume has been 
written with ^ very great regard to high 
standard, clarity and conciseness. It is not 


fiMARC’H 


too much to say Ibat (his volinuo wdl l>(» 
{‘X(‘.(‘(‘dingly luipful boi.li to the physioisf.s 
and tlu‘ piivsiivil (iicunists. 

N . S. N . 

:l: :l: '-1: 

(liONioRAL As'ria)X():\iv. l»v Dr. li. Spenri'r 
Jones, iXK.s., Astronouito' IJoyal. (M(».ssrs. 

Edward Arnold A' (-o., DDF, Ijondoii, ^V.I.) 

Pp. IJ7. Pri('(‘ 12.S*. (u{. 

The (irst (‘dillon of this inl(‘n‘sling work 
ap])eiM‘ed about. iw'(‘lvu‘ .Nu^urs ugo and 

att.rael.(Ml ('oiisidi'rable a.id<udion on aceount. 
of th(^ ('](‘a.r aiud Imid [)r<‘S(‘nl ation it 
t.aiiKMl of a. wid(' i‘a.ng<' of s iib s in a nianmu* 
suitabh^ t.o tl)(‘ layman as \v(‘ll as (lu^ 

s(uious staid(uit. In ibo' years that ha.vc^ 
elapse<l sine(^ tlum, the pr<>gr<‘ss of astronomy 
has by no means Ixum slow ; tiie aiitluH* lias 
tak(ui the opportunity in i 1 h‘ siu'ond (slit ion 
to incorporate tlu^ nuMuit- (U^vaiopnumt s iu 
the seienee and to ('onipki oly r(*writ(» 
some of the (imptcu'S that. r(‘((inr(‘(l inuri* 
than ordinary revision and t li<‘ n^suH is, \v(‘ 
have before us a waJl-wuu't t (m :uicl eomim*- 
hensive tnn-tise whi(*h will indoed <M*eupy a. 
middle place bet.wuHn tlu^ larger numlxu* of 
popular text.-books a»nd tlu‘ st rict ly leeln!i(‘al 
literatur(‘. of th(‘ sid)j(ud.. 

T]i(‘ work of nwision lais laxm thorouy;}il\ 
carried out. and an attmnpt. has i)e<‘n made 
not only to d(‘sciabe t.lu^ <^\'t.<‘nsiv»‘ a<lvane<'s 
iu our know'l(xlg<‘ oj' tbe^ sidm^ml unix'orsex 
but also to nu*lud(‘ in I1 m‘ ea.rli<‘i‘ ehapttu's 
a<l<Iiti()nal matter (healinp; with t h<‘ bodices 
of t.lH‘ solar syst.(‘m d(n’iv(‘(l fi'om reeiait 
researeli(‘s. Som<‘ snudl (n*n>rs in the fornim’ 
(slitioii a.pp(‘ar t.o lia.ve Ixxm rtx'lifu^d. A 
good d(‘ai of n(‘W matiu'in.I has hern iidro- 
diiecxl in l.h(‘ s(X't.i()n on sla-rs which iun\' 
<)e(uipi(‘s tiv(‘ (‘hapters of tlx^ book. Some 
of the probhmis t.ha.t. ha.vt^ btxm rrr<d\'ing 
speeiail attention during r(‘(xmt. years surii 
as rotation of sta.rs, t-luxiry of no vie, g:da<‘(i<‘ 
rotuition and (Wpausion ol* the lhd\'ers(‘ ar(‘ 
treated in a. el(‘a.r a.ml <*oneise mamxu’. 
TlH‘r<^ ha.s Ixxm a eonsid(U‘n.]i)Ie r<‘ arra-ngiuneiil 
in th(‘ subj(x*t,-ma,t.t.(u‘ a.e(*n idling to lh(‘ tr<*ml 
of mod(u*n id(‘as ; t.li(‘ gola.etie and extra.- 
ga.laetie. syshuns nvc (h^a.K. with in dilTercait 
el)apt(‘rs wliih'. t.lx‘ last, eba.pt er giv(‘s an 
ac(a)unt of tlx*. tlxx)i*i(‘S ladaling to tlx* eoie 
stitutiou oi, stars a.nd tboir (w'olutiou. 

A distinelive hcd.ure of this book is that 
matbematies has IxHm (*anh’ully (‘xeludi-ii ; 
only tbe elenumtary forniuhe rcxiuinxl for 
the elucidation of the t.<-xt nve giv(*n so 
that the trea,.tment may Ix^ intdligihh^ to 
all classes of readers, In the limited space 
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available, tlie author has succeeded iu giving 
a comprehensive survey of a large and 
growing subject and there can be little 
doubt, that in extent and completeness the 
book forms a compendium of groat value. 
The style is readable and the explanations 
tliough brief on some points can be easily 
understood by the iay reader. To the 
serious student the book is valuable as 
providing an authoritative account of the 
principal features of modern astronomy. 
It may perliaps be suggested that a biblio- 
graphy^- giving a list of references would be 
usefal to those interested who desire to 
study the subject further. 

The illustrations have been carefully 
selected and it is gratifying to note that witli 
all these improvements the price has been 
substantially reduced. The treatise may 
be recommended as a text-book to be used 
by students taking a course of astronomy 
in Indian Universities. 

T. P. E. 

> 1 : ^ 5 !: 

Thermionic Emission. By Arnold L. Eei- 
man, pp. xi + 324. (Chapman and Hall, 
London.) Price 21s. 

It is doubtful if there is any single inven- 
tion of the present century which is so useful 
and universal in application as the Thermio- 
nic Valve. It has entered every conceivable 
industry, it is a powerful tool in the hands 
of the experimental physicist, and is the 
very back-bone of Modern Broadcasting, 
which is providing such wonderful enter- 
tainment and education to the people 
throughout thci world. Whether it is the 
simple triode or the pentode, or even the 
more complicated heptode that one meets 
occasionally, it is the simple phenomenon 
of thermionic emission that is responsible 
for its section. Ever since the momentoas 
discovery by Thomas Edison in America, 
and its application to the construction of 
the first Thermionic Valve by Sir J. A. 
Elemming in England, it has formed the 
subject of close study hy the practical 
physicist providing a great bulk of experi- 
mental data helpful to the theoretical physi- 
cist, particularly in the replacement of the 
classical, by the quantum statistics in the 
theory of electrons in metals, and also to 
the thermionic problem, in wave-mechanical 
theory of the transmission of electrons 
through potential barriers. 

There have been, no doubt, several books 
on the subject by Kichardson and others, 
most of them fail to render a comprehensive 
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account of the older and the more recent 
developments from the modern point of 
view, nor do they provide the many impor- 
tant data made available by new experi- 
mental methods and vacuum technique. 
The book under review fulfils this need. 
Mr. Kayner being among tlie research staff 
in the G. E. C. Laboratories, has first-hand 
information about the actual conditions of 
valve manufacture and has something inter- 
esting and important to say in the chapter 
dealing with the emission of electrons from 
contaminated cathodes, alloys and the oxides 
of Thorium and Tungsten. The book is 
roughly divided into four main sections ; 
after a short introduction, survey of the 
whole field is given in the first chapter. 
In this is also discussed at some length 
the more important points like the work 
function, Eichardson's emission formulae, 
the Seliottly effect, etc. The next few 
chapters are perhaps the very cream of the 
text. The admirably exhaustive discussion 
of the emission of electrons from clean 
metals, contaminated metals and oxide 
cathodes are really very stimulating, and 
will he of immense interest to the Eadio 
Engineer. A chapter is also devoted to the 
discussion of the modern theory of electron 
emission and the emission of ions from 
electrolytes and from metals. 

The inclusion of a few chapters on the 
experimental technique involved in certain 
operations would have proved to be most 
salutary to the interest of those who are 
practically minded. But even tliis omission 
is excusable since the slight digression would 
have involved a break in the continuity of 
thought so essential to the proper under- 
standing of the subject. 

Finally, the exhaustive bibliography ap- 
pended at the end of each chapter is of 
incalculable value to the serious student 
in making available the original papers on 
the subject. The get-up of the hook is of 
a high order, the diagrams and the illustra- 
tions are apt and help to elucidate the text 
and the book is sure to commend itself to the 
physicist and the Eadio Engineer in whose 
shelf it will occupy the place of a handy, 
up-to-date book of reference. 

0. C. 

^ ^ 

The Mysteries of the Atom. By H. A. 
Wilson. (Chapman and Hall, Ltd., London, 
1934.) Pp. X + 146. Price 10s. 6d. 

It is one thing to write a text-book or 
a treatise on a subject meant for students 
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immediately interested in ihe pa.riieiilaf 
subject, but quite a dinVan'iit iliiiuA* lo \vri|.(^ 
an OiCeount oi; a, supixmu'ly inlrieai(‘ a.nd 
fundamental subjtH't, as for insiumas ilu^ 
structure of the atom, so as lo mak(‘ it' undta'-* 
standable by Haulers with very Hi-I'h' seientilie 
training, ib'oftvssor Wilson Ims s(d. foi* him- 
self the latter task and in th(‘ volunu‘ 
us an attempt has been imule to gi\’e a- phiin 
account of the mod(‘rn notions comaaming 
tbe ultimate particles constituting tli(‘ uni- 
verse. 

The collapse of the cbissical laws govern- 
ing tlie motion of ])artic.l(‘S a-s posl'Ula.I'tMi })y 
Newton, leading to a ]>ur(dy imuhianica'l 
conception ol' the universe and tlu‘ ris<^ of 
tbe modern physics comauning the ultima-ti^ 
particles, resulting fi'om the brillia-nt dis- 
coveries of J. .1. Thomson, Itutlun-ford, 
Eoentgen, Heisenberg, ^S(hiro?ding(U‘, 1 )irac 
and otlicrs are treat(xl in non-madhema.tica.l 
la.nguage, without enUwing into t(‘(‘.hn ica.l 
details. The experiment's a.re d<>sca‘ib(Ml in 
simple languag’c, the th(H)ry and (‘.ahniladions 
being consigned to the ' App(m(li<‘.es. 
Chapters IX and X dealing with th(‘. th(‘ori(‘s 
of relativity make lu'.avy rea.ding for tlu‘ 
uninitiated, and may be omittcxl. Th<‘. ])ook 
fulfils a real want a.nd tlu^ lay public, who 
are interested in the modiu'ii (hwelopuuml.s 
but find in the many modern books only a 
mathematical treatnumt of the subj(U‘t can 
profitably turn to this book wIuuh'. tlH‘y 
will find matter which will aiinply nqiay 
study. Tlie printing and gcd.-up of tlu^ book 
are excellent. 

jfc * 

Physico-Chemical PRAcrioAL IOxiou,(Msr:s. 
By William Norman Uae and doseidi K.eill(\y. 
(Methuen ^ Co., Ltd., London, lOdl.) Pp. 
iv -f 276. Price 7s. Od. 

This book which lias been brought out by 
the authors of the now famous work, 
Physico-Gliemieal Methods, covcu’s t-lu^ 
practical course for tlu^ B.Hc. lloiiourH, 
It is comprehensive and thorough and tlu^ 
authors will undoubtedly w^in tlH^ gratitu(l(‘. 
of many appreciative studenis who will 
find in this book solutions for just thoH(^ 
difficulties for which tlu^y comsiilt tlu^ book. 
The exercises selected are thos(^, whicli tlu^ 
authors have tried out and. which in. tludr 
experience have proved to be m^.cessary for 
the students preparing for the I)egr(H^ 
examinations. Theoretical princixdes have 
been given wherever necessary and the 
student will find this as also the worked 
examples very useful. We are confident 
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(hat (h(‘ l)ooh fulfils n rcol purpose an 
art‘ sur(‘ flrJ. studmils eC ehenueal st 
vill find il worth whihHo add (ids i 
voImm‘ (o (heir lihrai'U's. 

Les R \i)ln(' 0 !,noii)i‘S. !iy liaissi 

(Ilm'uitinn id Ci<\ Laris, Pp 

n Kranes. 

In IhI2 Panelh (liseo\’(‘i’ed fliat iiolni 
a-ml radium K (‘Khiliil e<l <a)Iloi<lal prop 
in (he. siaL^ of aqiaxuis solutions i 
iKuit I’uL fiMdily aeidit* or animoiua.ea! . 
riuni li, a.n isolopo of hsr!, India \ «'d lib 
in a-mmoniacal solulions. size o 

parlhdi's in lli(‘ solutions, cahailattn! 
tlH‘ v<do(dty of ililTu.-'don came out a.: i 
t'O O-o/f//, and thus I'Vplained tii<‘ invisi 
of t h(‘ ]>a.rti<di‘s in an u!t ra iniert r. 

r<‘al nature of t 1 h‘S(‘ paidiehss ha>. 
(wau*, Inaui a- pi'ohhun ami (wo dill 
vimvH ha.V(‘ lieiui lield, ih<‘ iim* that 
ar(^ raid io- aid i\ (‘ <*ompoiin<}s in (me eul 
sta.taa and (he otluu* (ha( (hey are l< 
by (h(‘ adsorption of (heir ions ainl nod' 
on (h(‘ foreign colloids pi’i^siad in tin* :« 
nualinms. 

M. Ilaiissinsky, of ( h(‘ Instiinf dn It a 
Pa-ris, lias sifted out in (his inonogra) 
(h(‘ (‘N'idimeiss so far advain’ed for > 
vi(‘W’, and has ('onu‘ (o (lu* eomdusimi 
('h(‘ propiudiiss of radio colloids an* tl 
formation of triu* <*olloidal conpiound'- 
(.lull' any fondgn subsianeiss present 
only a. secondary role. Tluu’e yel reniai 
^linicuU-y (hat (Ik* o))s<‘rv(Ml solnLilit; 
(lu^ Jiydroxi(li‘S of lead and bisnudh d 
snj»por(' (h(^ colloidal viiwv. Aeeording 
I Liissinsky , h(>w‘(‘V(‘r, ( lu* soluhilit y nioi 
nu‘ni'K of V(‘ry slightly solulile salts is 
li('('h‘ Hignilicaneia and canmd he dr 
a'Pj)li(*(l t'O such solid ions as t he radio etd 

.M. A. 

If! % 

An I N'ric.oi>n<’'rioN 'ro Pkaip'kwl ( >in 
CuEMiS'ruv. I>y W. A. Wat(*rH. C K< 
Arnold <<:• (’<>,, Ltd , London, I th) I . i 
,x I b2. Pric(* .'tv. i\d. 

'Tin*, book covers a.n t‘h‘m(*n( ary eouj 
pract,i(‘.al ins(i*iic(ion in organic eiioni 
us(d*ul for (lu* P^.Se. Hlud(*n{s, It is di 
iid'O (hr(*(* parts, Part I d(‘aling will 
t'(u*.lmi(jiH* (‘niployial in organic eheu 
sta-id'H from lirst. principU*s and will pro 
lu*. of Honu*. ns(‘. to all thosi* who start 
eourst*. of orLpinie ch(*mist ry-- si udenl 
medical coll(‘g:i‘S, (‘tc. d'iu* m*xt part 
with prt'para.t i v(* organic clu*ndstry 
reactions of groups and llu* last ]iart w it' 



CURRMT SCIENCE 


453 


MARCir 1035] 


(‘lni<‘i\t;My pri!i(*iph\s of <ju;ilii,a-l.ivo. or«-anic 
a,na.lysis. 

s<H'(a’a.l books on 

prarciical ori^'anic cluanist ry and I hc^ n^viowor 
linds hardly any pi!rpos(‘ a<TV(‘d in juldini'; to 
Maar list a. vary (‘haiaaita-ry l><)ok wiiioli 
do(‘S not in\'<dv<‘ any oriuiind taH'akuK'nt (d’ the 
snbjiad, 'ria‘ slinUaii will, how^naa', find 
in it sonit^ ii.s<d’ul “tips", Tor his luiborat.ory 
work. 

:i: :!; :1: 

(hiKMis'ruv IN ( ’onMKiaa-:. Vohimos I iS: ll. 
Ikich Vohuno issnod in (daiil' W(‘okly pavt.s. 
(ionrral Ikliloi’: hhlwai'd M()lloy. Vol. I, |>]>. 

\'oL 1 1 , [)p. .‘bkh-TTb (< l(‘orji:(^ Nbwvnos, 
Ltd., Itk'hh.] Prict' S.s\ \)cv \’olutu<w 

()iu‘ of t ho t'xoorpts of t ln^ lat.(^ Mr. S. M. 
(diiokstidn was “A (‘ours<‘ of (duauistay, 
s<a‘ins to u\(\ is in ils(‘ir an almost, comnnn*- 
(*ial (‘dnoation, (‘nooura.iA'ini’' an it does, 

pati(‘net% skill in obscawat ion (|ualitie.s, 

all of whieh ar(‘ (‘ss(‘ntial in modern 
eomm(‘n‘e," words \vhos(‘ Iriitd has beam 
widely reeoynistal, pa.rt ieularly iu tlic post- 
war world. 

In industrial works, elKauist.s of all ^^’radcvs 
of (Mpiiprmait are met. wit h— und<‘r^'raduates, 
iiraduat(‘S and eh(‘niists with res(va.r(*.li 
qiialili(‘at ions. lh‘sid(‘s tln^se tlu‘rt\ a.re- those*: 
who intemd takintc np eheanistry a.H a protes- 
sion ; and all of theati reapiin^ to In’! inrormed 
how th<‘ works elnmiist- utilises chenustry 
iu (‘Old rolling t lu‘ proee'sst's a.nd why tlie, 
eluanist has b(‘(m eonsieh'nal a direwd.ing force 
in indu.stry. d'lu* four volmmss (to be issued 
iu diJ weedvly parts) \\dii<‘.b M(‘ssrH. Newmes 
have' planneii, atbaupt. i-o provide this 
information, md imaady by d(‘s<*.rip(.ive text, 
but. also by aetion phot(>|j;’ra.plis. 

d'lu‘ voluuu'H ar<‘ issmal uud(M* tlie. able 
(Mlit.orship of .Mr. bhlwa.rd Molloy, and 
r(‘pres(ad a eo-op(‘rad iv<‘ (dTort,, th() various 
.s(‘e(.ions having, beam eont ribid.cal by tlie 
elded* eduanists e)r se)me‘ ed (!u‘ la.r^‘<‘st linns 
in Lu^bnul, wlu) by virt ue^ e)f t.hedr j)re>IeBsion, 
a.r(‘ most (jualitieMl t-e) de‘se!‘ibe how cheanical 
prineipI(‘K are* adddieal in ae‘t.ua.l practice. 

Th(‘ Lelitor has sed. hiiusedf an ambitions 
pla.n anel judyini.*' fre)m t lH‘ ve)lume‘S Ixdorens, 
a. n‘a.se)nable‘ a.inonnt of suee*(\ss lias be'cn 
attaimal. d’h(‘ vve)rk is pla.nmMl to kSIiow 1k)\v 
l.he‘ priiudpless of ediemust.ry (ind a.pplicatioii 
in inelustrial })re)(‘e‘sse‘S a.ml a.s ib^ is made 
iide‘nsiyedy praet'ieal, one^ whe) is interested 
in pra.(disin^ (duauistry as a profession 
eauuot fail to line! in it a weadth of material 
Avdueh will be‘ of inuuens(‘. vd.iliiy to him. 
J^lotes on practical use of ins truixi cuts like 


the spectrographs, microscopes, refracto- 
meters, polar ime tors, viscosimeters, etc., are 
to be found in the volumes and also short 
discourses on the determination of moisture 
content ; oxidation and reduction and some 
of their ax)pIications in industry ; colour, its 
determination and measurement ; Vitamin A ; 
synthetic dyestuffs*, etc. The work is pro- 
fiLstdy illustrated but one may doubt if all 
of tluau are necessary at all. To choose a 
f(‘.w at random, ilgnres Ko. 10 on p. 85, 

7 on p. 1(>2, g on x). 248, 4 and 5 on p. 287 
and <S on p. 378, do not appear to carry 
conviction. Pig. (> on X->* 100 and Fig. 14 
on p. no do not apx>ear to be different as 
also Figs. 5 on X3. 105 and 13 on p. 109. 
Tlie name of Alfred Nobel is not to be found 
at all in the first chapter on Founders of 
(lluanist.ry. But these are all very minor 
omissions. ATewed as a Avliole the work 
contains a wealth of material and deserves 
to b(^. read by every one interested in 
Oliemistry. 

The work must have a special appeal 
to India where a number of industries are 
rising and there is a crying need for vigorous 
chemical control of the processes. There is 
U(H‘(l for being armoured with every Aveapon 
of th(^. modern industrial armoury, if India 
has to mak(‘. for hersdf a xdace in the Indus- 
trial World. In this respect India has to 
learn a lesson from Japan where the Indus- 
trial Works not only employ ehemists, but 
also stimulate the cmx>ioyment of chemists. 
Let us liope tliat those interested in the 
devdoptmmt of industries in India, will keep 
themselves alive to this fact ; when they 
r(v|uir(^. information on the scientific require- 
ments of industries, they can turn to these 
volunuxs, where, we trust, their requirements 
Avill be satisfied. 

^ 

Tnj.: PuYKior.oGY ov Human Perspiration. 
:By Yiis Kiino, Protossor of Physiology, 
Miuicliuria Medical College, Mukden. 
(London, J. and A. Churchill, Ltd., IGSi.) 
Pj). 208 wit'll 38 illustrations. Price 12s. 6(Z. 

adds is a concise but critical exposition of 
the present state of our knowledge con- 
cerning the physiology of human perspiration. 
The book which is the result of nearly ten 
years collaboration is rightly dedicated to 
the colleagues of the author. Much of the 
matter discussed in the book has been 
published originally in Japanese ; and Prof. 
Kuno has surveyed the vast literature 
(both Japanese and Poreign) on the subject 
and fo-rmed a synthesis of his stpdy and 
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experimental observation. Tlie book com- 
prises eleven Chapters. In tlie lirst elia])ter 
the morphology and innervation of the 
sweat glands are described. Ohaptcn* 1 1 
contains a clear account of tlie methods 
which Prof. Kuno and his collaborators 
have employed in the laboratory for tlie 
measurement of ''perspiration” and a siniple 
but acknowledged yet to be imperfect 
portable apparatAis for use by tlu^. Physicians 
is also described. Chapter III deals with a 
discussion of the descrii)tive terms employed 
and of various factors influencing ‘'sensible” 
and "insensible” perspiration. Chapter IV 
contains an account of thermal sw('ating, a 
subject on which there appears to be no 
previous description of authentic*, natures 
This chapter is of considerable importan(*(^ 
In the fifth chaptei an interesting account 
of the features of mental sweating with 
special reference to the causes of such 
sweating is given. Further the special cha- 
racteristics of the perspiration of th(‘ palm 
and the sole on the one hand and the other 
of the axilla are described. In the sixth 
chapter the effect of mental stress on the 
perspiration at varying temperatures is dis- 
cussed and tiie question concerning th(‘ 
intrinsic causes of variation in tlu^. "])almar 
sweating” and suppression of general sweat- 
ing is declared to be obscure at present. 
The results of a systematic investigation of 
the features of the sweating due to musciihar 
.exercise are embodied in cliapter VII and 
the conclusion that "no process other than 
the effort necessary for performing muscular 
exercise can therefore be considered as the 
cause of this sweating” is reached. Tlie 
asphyxia! conditions during very strenuous 
muscular exercise would however be an 
additional cause of the sweating on the 
general surface of the body. In chapter 
VIII the physiological necessity for supply- 
ing in time water and sodium (diloride. lost 
by perspiration is described. The impor- 
tance of adding minute quantities of salt 
to the water that v/orkers in over-heated 
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places drink is dis<ni»ss(‘d. l'Iiapt(‘r IX. 
concerned wUh an juu*oimi. af varialioiis irt 
tlu^. ability to ]KU‘Sj)ir<^ <1 ih‘ to alt (‘ra tions in 
the surrounding t(‘mp(‘ralur(‘ and tn abnormal 
conditious of th(‘ body its(‘!r. Individual 
variations in tli(‘. ability to perspin‘ with 
refer(‘nee io .mouut-nlu <'!nnl)ing\ forotnl 
marches of soldicu’s. et(*., ai‘(‘ o!>s(‘rv(‘d. 

Phirther the lanssibilily of “training of tin* 
sweat glands” is iiotc'd. d'ln* inliuem/c* 
exerted by th<‘ (>smolI<*. pnNSSurc* of blood in 
regulating tln‘ sw(‘at ingv }>nK*(‘ss is' impr(‘ssiv<dy 
d(‘.alt with, and 1h<‘ inj(‘(*t.i{ni of hyptntonit* 
salt solution, has b(‘(‘n sug;gt‘st(‘d as wortliy 
of trial in (*as(‘S of li ypindddrosis. In 
(*liai)ter X a syshnnalic a(*(*oiint of tin* 
processavs inv()lv(‘(l in ih<‘ production ami 
inhibition of swcnit iir*;* is or(Vr(‘il. Il(‘sidcs V 
noting th(i variations in tin* i‘.\cit alnlit y (»i | 

the individual sweat .adands *and tin* lannodfc j; 

discharge of sweat fi’om individual glands. ! 

the oxyg(‘.n eonsumption of a-et ivady s(‘(‘ri‘ting j 

glands is dealt with. Fha.pt(‘r XI ddails ^ 

the physiological sig:uiti(*a.nc(‘ of SNstating. 
According to the author, in tlH‘ human , 

individual tlu': sweat g:lan(l of lh<‘ g(*m‘ral ^ 

body surfac(‘ plays a v<‘ry important nlh* in 
temperatuiH^ regulation, whilst (bos(‘ on th(‘ l 

sole and the ])alm assist, by ih(‘ir pm’iaduai t. 

secretion in protecting t.h(‘ skin and by | 

sweating facilitate piiysicai work. The I 

sweat from tlu‘ luimatTi axilla diss(nuinat(‘s tlu* |; 

axillary scent which s(‘(‘ms to hav(‘ a 
scAiial signilicance. I^hirtlun*. ih<* function S 

or the sweat glands in th(‘ (diminution of | 

lactic acid during muscular <*x<‘rciS(‘, and ] 

the e.()nse(iU(mt regulation of the Ihi(>n } 

concentration of tiic* blood is disctiHHciL 
There is an (‘xtonsive and uscddil bibliography, 
and the book is well iud(‘X(‘cl. flMH‘ ginun'al 
get-up of the v()llml<^ is (‘Xeelhmt iikt‘ all 
other books publisluMl by d. and A. ('hiircliiil 
Ltd. The volume dcs(‘rv(‘s a plaei* oii the 
book sludf of (‘.very a(lva,ne(‘d Hlu(l(‘!it, 
tea(dier and ivsearelun* engagcMl in tht‘ study 
of riiysiology. 

A.S. IL 


1935, 3 , 347-348 (0/. The Theory of 
Liquids). 

(1) In every instance /or the suflix ‘w/x' 
read {m.'p,) 


Errata. 

p) In (upiations (4), (5) and (S)/or 'y' nati 


* Tlirough oversight the proofs were not sent to 
the author. 


(3) In equation ((>) siiul (7),/w'M’ read 'm 

(4) Foot-note ^1, for 477, read f'H. 


(5) In equation (10) Jor a 

ni 


mid (cr„,p) ^ 
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Nutrition Research in India. 

(‘-ontribiitioiis of Major-General Sir 
IL MeGar risen to out knowledge, of 
nutrition in India form an impressive record 
of gTt‘at sfdentiiic and iiractical value, and 
his r(‘tir(‘m<‘nt from st^rviee about tlie second 
we(‘k of likst niontli lias depriv(‘d this country 
(>r a, df^voted scieritisli -wliose sfdticss labours 
hav(^. won t!or Ivim not only public recognition 
but th(* ]K‘rsonal estcHmi of all who have come 
into coui.act with him. llis researches on the 
thyroid gland in health and disease opened 
a m^w and fruitful field of enquiry into the 
sci(m(‘(‘ of iiiitivition and it is perhaps with this 
briMicli of knowIe(lg(‘. that Sir Robert McCarri- 
son’s nam(‘ will cliitbly be remembered, by 
poskd’ity. Ib^ is probably tlie first medical 
oHicHo* who formulakTl a synthetic concep- 
tion ot tlu^ (dicThs of faulty food on animal 
organs and tissues in relation to tlie enclo- 
crin(‘ n^gulations of metabolism. As early 
asr-Iblb, h(‘. observed tliat faulty nutrition 
h‘d to tli(‘ degfmeratjon of tlie cellular acti- 
vif,i(‘s of tb(‘ ga,stro-int,(‘Stinal tract and a 
g(*n(n*a.l lowering of the digestive capacity, 
whi(di, b(‘sid(‘s (limiiiishing the economic 
(‘HicicMU'.y oi man, (‘xposed him to the insi- 
dious a.tta,eks of disf^ase. This is undoubtedly 
a signilH'.ant (‘.ontribution to our knowledge 
of th(‘. rbl<‘ oi* nutritio.ri iu ]ireventive medi- 
(‘iiuh In iar't th(‘ latest investigations wdiicli 
have built up our knowledge of nutrition 
air(‘ d(‘tail.(‘d aaiiplilif'.ations oi th(‘ facts empha- 
sis(‘d by Sir RoIkuI. M(*.CHirrison in liis Studies 
in. I)clicimcy .Diseases ])ublish(‘d in 1921 ; 
a.nd his otlu^r wuirks siudi as The- Life Line 
of Thyroid (Hand, and The Thyroid (iland in 
Jlealth and Disease form an illuminating 
(*liapt.(vr in the history of medical research 
in liblia. 

The m(‘dical profession and even the com- 
mon pe.<)|)le r(H‘.ognised from the earliest 
tiiiHvs tiU‘ close relationship between food 
and dise.as(‘., a-iid numerous aphorisms on the 
subj(‘ct;. testify to tin*, general experience of 
smb intimacy between diet and health. 
But. th(‘ sciemee of Dietetics which is com- 
[laratively new, is the outcome of the co- 
opera.tive labours of physiologists, bio- 
chemistvS and medical men, and presents 
problems of vital importance to econo- 
mists and administrators. For instance, the 
question of feeding a heterogeneous popula- 
tion in a country like India must necessarily 
involve detailed investigations of complex 
issues of an economic and agricultural 
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eliani.clrr, and as our iiirorinai ion on t hu 
a('l ual r(‘quir(‘nu‘nts and slatidard ol* na.1 ioiud 
diet is ra!ider(‘d inor(‘ d(dhut(‘ aiiid Uicaaira.lt^ 
by the ])r()yT(\ss oi* r(‘S(aireh, tluui it is obvious 
that siieli ku(Avl(‘dyv is bound to iidlu(‘n(*(‘ 
ayricailtural ])()licies. Tlu^. died, ot a ])eopU‘ 
affects theii* welfare^ no Jess tluin it (hdeu*- 
mines tla^ charaidei* oT th(dr aoTicailt.una In 
India tlue c]K)i(*(‘ of b)od is liinit(Ml by r(di- 
irioiis (loyinas, and \vlu‘re the idea.l of a 
iarye section of ])(‘()j)l(‘ is to suppiasss J.lu^ 
Qraviiy^'S of the JUssh as a n(‘cessa>ry pi‘ei)a, ra- 
tion for the attainiiKvnt of (dsnaia.l }>iiss, 
considerations of the eiun'^y valiu^ of difhuauit 
classes of food and tlu^ ad(‘((uai(‘ sup])ly oT 
tliis eneiyy for tlu^ niaint(manc(‘ oF nationaJ 
well-being’ and (‘cononii(‘- (‘fhci(‘iK'y, a.r(‘ 
subordinated to religions injunctions. Apa.rl. 
from orthodox sentinuuit, climatic cotidi- 
tions probably exercise an equally gT<‘at. irdhi- 
ence on the choice of food by thc^ [H‘ 0 ])l(q but, 
generally speaking, ther(‘ ('an hardly b(^ any 
choice among tlu' ])oorer class of tlu^ Iiuluin 
population. In a ti'opical climat.(‘ th(‘ nrsisi.- 
anee capacity of the p(‘opl(‘ is always pooi’. 
This is due mainly to insul1ici(Micy of 
food or, to wrong scdections, and accounts Tor 
the prevalence' of cendain WTll-knowu disease's 
xvhich assume an e])idemi(' form wheiu've'.r 
famine and drouglit fall upon the' land. 

The problem of food has a de'e'pe'r signi- 
ficance for Indians t.han perhaps for Uiiiy 
other nation. Tlie ])eopl(' inhabiting ('(‘.r- 
tain provinces liave be^en declare'd unlit, for 
military service and the idtimate' e'iuise'. of 
the alleged inca,pacity is as much, due' lio 
diet as to tlie meaningless social enist.oms 
prevalent among ■ theun. The jmogre'ss of 
foreign education in India is cre.'ating an 
increasingly large community ol (udt.ure'.d 
people wdiose food, dre'ss and gene'.ral habit-s 
of life differ from those ot tlu'ir gi’a.nel- 
parents and of tlu'ir less favonre'd e'ountry- 
men. The general impre'ssion is t.liat. the'- 
cultured Indian is less hardy, and tliei'e'Iore'. 
prone to certain types of maladies. In the'. 
Pre-British days therei was inte'iisive indi- 
genous education in India, but tlu're'. is no 
record to show that learning unde'rmine'd the', 
physical efficiency of eve'ii the most enil- 
tiired among the Pandit.s and tln'ir disciple's. 
The introduction of a foreign system of 
education difleidng from tlie cultural tradi- 
tions of the people must upset the mental and 
constitutional make-up of its recipients and 
the reaction is expressed in diminished 
functional efficiency and cajiacity for 
resistance. Severe strain and anxious 
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siispe'use' uifuiid nuuhu'!! <‘diicu! ioiial 
nu'thods which, w!jih‘ ;vt te'iupf iug to oiirich 
|,he‘ mind, ge'iu'rally suceaM'd in umh'rmining 
the' pliysie'al vitality ed‘ I hr youitgcr geairra- 
( ion. \\'(‘ have' not so fa r dev is(‘d any means o! 
combating the' e'vil. ddu' rrme'elv not 

Ii(‘ so much in riu'ouraging gaiiu's am! s|M>rls 
a.s in the' proN’ision of a. \s<‘ll halanre-el dirt 
for stnde'nls in oi'de'i’ aeh'ejuat (‘l\ In equip 
the'iu to ('ope' with the' iimiiu' mental e‘v(‘i'lie>u 
whie'h llu'y put forth for mesd iug sal is- 
fa.cioriIy Mu' unronse'ionahh' slafidards of 
})ublic e'xa.miual ions. At prr.^-e'nt I !t<- mrd ii*a[ 
inspe'e'laon of school pupils an<l rolligc 

slude'iits is roure'riH'd more' with the* (iriec 
t.ion of dise'usrs freuji \\liie*li t h(‘\ suriVr. 
tlia.n in the' in\’e‘s( iga ( ion ejf tin* caiiscs 
whicli prexlne'e' llu'ni. This is ned all. 

ve'iy ia.rge' boely of ndnist e'l’ia! edlirrrs mid 
oiru'iaJs is (‘Jigage'd in carrying on the* .se'de'ic 
t.aa*y work of go\e‘i’imi(‘nt ollie-e's, banks and 
bnsiiH'SS firms, aud llu'V, like* llm stiidrufs, 
snflVr (‘<jna.ll\ from eh'lirie'nry of di(‘t. Tin* 
pooi'e'r rla.sse's have' no rhoire*, ami grn«T;dly 
ilu'ii’ food is as l>ad as bad e*aii be. Tlu* 
pi'obh'in of fre'ding Imlia. is <*\trrinrl\ four 
plieade'd, and Sii- I!. Met 'arrison's rrsesindie-s 
(le'iil with e)ne‘ aspe'e*! of it. We* still re'puire* 
ao anihoril alive' be)ely of sede'ntifir kimwlcduv 
of Mi<‘ physiologira.l value* of the difh'rrnl 
kinds of fooel e*onsnnu'el by the hidinii 
pe'oph', in la'Indion te) tlioir e)i*riipatioiis, 
h'Ve'Is of ine'onn', the* rliiuaiic r«m»iilions 
a.nd. tdie* ge'ru'ra.l habits and phy.sie'a! e'ous(i« 
tutlon of the* indige'nous population. 

In his fa.r('W(‘ll aeldre'ss whiedi fu* ga\(‘ nl 
(k)ouoe)r on IStli Ma.rrli, Sii* Kh Mrt'arri.Min 
point.e'd out. t lial in his laiiorai ories he* ke*pl 
1,000 st.eK'k rals from whicli, eluring; the last 
foul’ ye'a.rs, dise'a.se* was praed irally rxcliide'd 
by ca.r(‘ful a.tie'iition to (hre'e* e'uvirnmnt*ut:il 
('.onditions, ch'a.nline'ss, comfort and Ihod. 
It:M*('. horse's a, ml prize* dogs are* l(‘mlrd willi 
gre'ale'r love* ami care* than pe'riiaps fve'ii 
Sir McTana’ison's rahs. Ibit is the*i«* any 
(list.rict. wlu're' HU) se'liool going jiupils e*uj(iv 
a. fniedaon of the* cl(*anlim‘ss, comfort ami 
pe'i’fe'ct food whicli a.re* be‘s(ov\e‘el on animals ' 
'Idle* t.e'mh'iicy of mode'rn e*onipcf it iv<* e’i\ ili 
zation is tdud, nuiin will saeTiticc everything 
foi‘ tiu' gralili call ion of his \ :mil\ , ami will 
alrnosii ('oniple'te'ly ignoi’e* what, will proumh* 
tin*, he'altih. a.nd e'ffiie'ie'ncy of human .s(oe*k. 
It se'cms t.o us thal. the* warning given l\v 
Sir Pi. .Me'-Ckirrison, "The* child is riiaele* up 
of what, lie* (‘als” is a. pi’oplu'lic ut f e*raiie’e', 
for th<^ nalion t.hal m‘gle*cfs its childivu 
l)avcs th,e way for self-e'-xtiuctJon. 
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The main problem of the masses of Indian 
population is what foods they have to buy 
in order to obtain the greatest possible 
nutritive value out of a given amount of 
money each week. We have a vast bodj^ 
of carefully tested information regarding the 
nutritive value of the various types of food as 
well as their physiological value, and the 
experimental researches of scientists have 
established standards of nutrition. But the 
great majority of the people either on 
account of ignorance or of economic reasons 
are unable to work these standards into 
their daily meals. Thus the welfare of the 
nation which depends basically on how its 
people eat becomes a matter of chance, 
instead of being part of a definite economic 
and social policy of Government. The food 
requirements of a nation must necessarily 
lead to the carefully planned adjustment 
of agriculture, but unfortunately^ agricultural 
policy in India is not correlated with the 
science of nutrition. Obviously all these 
elements constitute a single great adminis- 
trative |)roblem and Avhat the people v/ant 
is a plan whicli is complete, simple and flexi- 
ble enough to suit different levels of income. 
A plan such as we contemplate involves the 
necessary adjustment of production to con- 
sumption by families in the home which is 
the part tliat means most for the social welfare 
and the economic efficiency of the working 
classes. The cultivator therefore has to 
produce the right kinds and the appropriate 
quantities of food. On the other hand the 
consumers must have a definite knowledge 
of the facts about the diet in relation to 
health, the standards of food nutrition and the 
fundamental princix)lcs guiding the selection 
of a diet that promotes health and safeguards 
against diseases. Every individual is en- 
titled to liave an optimum diet though not 
to a Dukedom. We are tlius confronted 
with the x)roblem of the need and possibility 
of building up a physically better, healthier 
and more vigorous population in India by 
means of better nutrition. The first step 
in the solution of this question is the consi- 
deration of costs, and we have therefore to 
prepare dietetic patterns at different levels 
of nutritive content and cost. What we 
really want is clear and usable statements 
of the foods to buy and the quantities needed 
for every class of people suited to their 
incomes. The scientists have to deal not 
with the food which an ample purse can 
buy, but with that for which people have 
to rake and scrape and count every pie they 


spend and then do not have enough to go 
around. 

The common j)ractice in India is to cook 
food containing strong organic acids and 
alkaloids in vessels made of brass, cojjper, bell- 
metal, iron, tin and aluminium at very higli 
temperatures, and cooked food is also stored 
in these metallic vessels for very long periods 
of time. The Biocliemistry Department of 
the Indian Institute of Science has been 
conducting a series of interesting experi- 
ments on the effects of food cooked in the 
various kinds of metallic vessels on the 
general health and biological efficiency of 
rats, and the results that have so far been 
obtained tend to establish that foods cooked 
in earthen pots promote and preserve the 
health of rats, while those fed on food xwe- 
pared in metallic vessels develop a x)redis- 
position to ill-health and inemature senility. 
These researches are of the greatest signi- 
ficance to the general public and one of tlie 
reasons for the poor physique of the richer 
and the middle classes of Indian population 
may be the slow and insidious contamina- 
tion of food by metals. The prejudice in 
favour of metallic vessels is too deep-rooted 
to be removed by scientific researches, and 
further, this problem is so intimately con- 
nected with important metal industries, that 
sudden discontinuance of all metallic utensils 
on a wide scale is bound to produce economic 
dislocation, unless some other lucrative and 
cheap industry can be substituted in their 
place. 

It may he that nobody in India actually 
starves in the broad sense of the term, but 
many Indians live and must live on diets 
that are an outrage to the known needs of 
the human organism. The very fact that 
this basic thing, — adequate and x3roperfood, — 
is not now within tlie reach of a large section 
of our people is a reproach to .our social and 
economic organisation. hTutrition experts 
have to devise a dietetic plan for poor 
X3eople which would enable them to secure 
the full nutritive value out of the foods 
which they can buy, and which will keep 
them in health and reasonable comfort. 
Starting with such a x)lan,- it would be easy 
to frame other patterns suitable to the 
different social strata with varying incomes ; 
but the fundamental point is that social 
justice and commonsense emphasise that 
every individual is entitled to ‘work, to earn 
his wages and to eat in order that he might 
have the strength to gain his bread on the 
morrow. The case of the school- children 
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and college students is f)crplexing. VV(‘ 
have no relia,ble information in r(‘ga.ni t.o tin* 
influence of the mental strain and vv()ri*i(‘S 
on their physical constitution nor do w<‘ 
possess any on the ad(^c[ua(*y or ()tlun-wis(‘ 
of the food they consume. Th(‘. ginuu'a.I 
complaint that IJniversity edu(*.ation tends 
to lower the physique of the Indian graduai.<‘s 
and that a highly educated person lias a^ 
diminished capacity of resistanc(‘ ])r(‘S(mts aai 
important problem, for investigat.ion. An- 
other equally important question for (nupiiry 
is why certain races in India are c()nsid(u-(‘d 
unfit for military service. In (tas(^s of 
emergency the State ought to b<‘. able t.o 
mobilise the whole man-power of tlie country 
for defence, and in times of ])eace, ev(‘.ry 
person must have sufficient strcmgtli to pro- 
tect the honour of liis family and Ids ]>rop(M‘ly . 
Paulty food and. the insufficient sui)piy 
of perfect food must account, at least ])a.rtly, 
for the poor vitality and physical stinnigtli 
of this particular gToup of p(H)pl(^ If lb(‘ 
whole nation is to be fit and vigorous, tlum 
it is clear that food is the starting poinl.. 

The question of feeding India for national 
efficiency is sufficiently important to wa.rra.nl. 
the creation of certain new depart.ment.s such 
as the Bureau of Food Econonnx'.s and th(‘ 
Agricultural Adjustment Board wliich would 
have to work in closer collaboration wit-h tii(‘ 
ISTutrition Eesearch Laboratories at- (t)on()or 
and with the Provincial Agricultui‘a.l I)(‘paa*t.- 
ments. The first step is to work out a s(‘t of 
figures showing the amount of land tiuU. would 
have to be devoted to various food cro[)s for 
each of the different dietary plants, a.ssuniing 
that they will be universally us(‘(l by th(‘ 
Indian population. These ligur(^s will mi- 
turally include not only crops us(‘d dir(‘ct.ly 
for human food but also cro]>s m‘c.(\ssary I'o 
feed the required dairy and work animabs. 
A close relationship has thus to be (vstaldislu'd 
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b(‘tw(H>n (li(dnry habils ami agricult nral 
pra.<*ti(*(‘. 

Mdmaition niiisl^ Imiid in liaiul vitfi fh*- 
spn'ad of sound kiH>whMlg<‘ (d’ sa a.s Ik 

ensur(‘ licit <‘V(M’y p<>i»r fanuls in liuiiu 
a(.*(|uir(ss (uiongh infornial icm to makt* u 
(‘.orr(‘ci s(‘l(‘cl ion of food and improve ftHul 
habii-s. hor iliis pnrpos(‘ i ho voi-naruhn- 
n<^wspap<u’s a.nd ma.g*:i/anos should eon aiil |\ 
(‘mf)}uisis(‘ th(‘ im[><>rLme(‘ of piuleet dirt 
ami its nda.l ion to nalioual ellicirucv ; 
[KU’iiaps tli(‘ ra.(lio will ai' iniiiioiiM* -orvir, 
in improving Indiaai diidary a- a whot 
In tlndr (‘ag(u-m‘ss lo ht^ well and to ht* .. 
tiudr b(‘si., p(‘Oj)h‘. will landdv aee<*ps nii' 
l(‘a.<ling informabioii aiifi one of llie eliir: 
(‘.omunais of th(‘ tuwv <l(‘pa,r( ineiit s >nau«’dtd. 
will ])(‘. th(‘ ra.ising of I he dielarv slaudanL 
a.s om^. of (dlVctive [)rop:igamla. It i- math 
tlu^ t^aisitu* by tln^ i’aad (hat gotul diet <»r 
o[)tirnum di(d. is tiof- out of line witlj fh. 
av(U’a.g(‘ India-n fixxl hai>its, ovtm thnuifl. 
th(‘ (unpha.sis nuiy Ix‘ ciiUhnaml . In (udia. 
(,h(^ food of th(‘ [)()(>r man has to be 
gatial a.s <*a,r(d'ully a.s milk has l)oen iuvedi 
gabtai, and tins luwv work has i(i dfdiie 
a.(u*.nrabely th(‘ ntaals of I he potn* for variun- 
food (dtumud'S, <hd(uatdne lludr fiinetiou> and 
ns(‘s in th(‘ body, irnd p<*rhaps tlia'ov^ r, if 
possibh*, muv (dcmuuits. This is the onl\ \\a\ 
in which we (am phm diids int elltaeiiilv . 
wtu'ghing boMi (‘conornie and nutritno value-. 
dd)(‘ (linVr(m(*(‘ Ixd.Wium tin' diet (d' the {mmu 
nuin a.nd of tlH‘ rich man may after all h«- 
oiU‘. of eos(,, but s<‘i<ai( ilieally there r^ a uidtv 
ol in(.(‘r(‘s(., r/:., Mh^ maai for wtdl heiiiv 
Idiis stumiH (o Ih^ (du‘ cardinal truth tU lln 
body (d' num as W(dl as of (in* soeH*( v of nas;. 
Th(‘ \vis(* mainagimamt of a fanul> »tia> h 
a.n individnabs (‘()n(*<‘nn hut the manilf 
ruima^ ol Mu* ruilional w(‘ll l>(*ing is ah. tdufe!} 
tin* task of gov(*rimi(*rd . 


Research on Bananas. 


AT the instance of the Gorernnieiit of 
Madras a scheme for tlie impr()v(‘.m(mt 
of the Banana has been sanctioned by tlie 
Imperial Council of Agricultural Itosoareb, 
Delhi, at a cost of Es. 74,000, spread over 
5 years, in the first instance. 

The Banana Eesearch Station will be 
located at Coimbatore where considerable 
preliminary work has been done. 

The problerns of investigation will ho the 


.siirv('y and c.Ia.s.silica.tioii of \ ic.^, .siudv 

of the k(!ei)iiig ((milily of tliel'niit, ...laini- 
ardisatiiHi of the IxihI, incl liod.s of cull a .u him. 
(••ondiictiiig of mariui’i;il exjicriincnl.< Imlli 
for quality and (maul it y, wclccl ion of jniiv 
Iine.s involving new and dc.siniliic iv[ic.'<. 
niethods of tran.sport., .si iidy of tlie lia'inuiu 
disea>sos and tlieir <.,onlrol, iinqiaral imi of 
banana x)roduet.s like Hour, "tig", jam, 
preserve, etc. 
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A Note on Blaise Pascal (1623-1662). 

A Foreranner of Leibnitz and Newton in the Discovery of the Calculus. 
Ey D. Ferrolij s.j., d.sc. 


I N 1628 the Jesuit Mersenne propounded a 
question to Mathematicians, i.e., the 
finding of the area of the cycloid. The 
problem was the object of protracted 
researches on the part of many Mathemati- 
cians. Towards the middle of the century 
Blaise Pascal, already famous for his physical 
discoveries, set himself the task of combating 
atheists. One day, as his niece Marguerite 
Perier tells us, he suffered from a violent 
toothache. To find relief from physical 
pain he concentrated his attention on Fr. 
Mersenne’s problem. He solved it, and 
incidentally found the Infinitesimal Calculus. 

He pondered long over his discoveries, 
and in June 1658, in a letter addressed to 
all geometers of repute, under the nom de 
'plume Amos Dettonville, he asked them to 
(a) find the area of a segment of a cycloid, 
(&) its C.G., (c) the volume of the solids it 
generates in revolving round its axis and 
round its base, (d) their centres of gravity, 
as well as the centres of gravity of the halves 
of the said volumes supposed to be intersected 
by a plane through their axis. 

Later on he discovered that the problems 
had been solved by Pioberval. He withdrew 
them, and decided that a competition should 
be held only on the problems under (d). 
However, in his '‘Histoire de la Roulette'' 
and in his ''Eeeit de V examen et du jiujement 
des ecrits envoy es pour le prlx" he forgets 
that Amos Dettonville (ic., himself) had 
propounded also the problems under (a), 
(h) and (c), thus occasioning long misunder- 
standings with his rivals. He wrote then 
that he had found for himself ''methods 
for determining the size and centres of gravity 
of solids, of plane and curved surfaces, and 
of curved lines which he believed would 
apply almost to everything”. 

In a letter to M. de Sluse of December 
1658 Pascal again speaks at some length of 
"the wonders of the new analysis,” of which 
he formulated some principles, though he 
did not endow it with proper symbols. 
However, the mathematical thought of the 
times was definitely turning towards the 
"new analysis”. Archimedes’ ''Method of 
Exhaustions" was well known, and so was 
Cavalieri’s "Method of Indivisibles" as can 
be seen in the works of Napier, in Fermat, 
in W allis and others. According to Chevalier, 


Pascal’s most recent biographer, he was the 
first to determine the sum to infinity of a 
series of infinitely small quantities, though, 
according to other historians, the priority 
must be given to others. In the " Traiie des 
sinus d'U quart du cercle" Pascal deals with 
the so-called "characteristic triangle", which 
is a trilinear figure "infinitesimally small”, 
contained between two straight lines at 
right angles to each other, and an arc of a 
circle, limited by them. 

Now Leibnitz owns that he arrived at 
the idea of a differential in studying the 
"characteristic triangle”. Also the formulae 
of the Calculus are discernible in the annota- 
tions made by Leibnitz to Pascal’s work. 

We are all acquainted with Pascal’s 
Arithnetieal Triangle. 

1 

1 1 

12 1 

13 3 1 

14 6 4 1 

1 5 10 10 5 1 etc. 

Perhaps the inventor was not Pascal, but 
Tartaglia. At any rate, Pascal drew from 
the triangle the determination of numerical 
orders, the calculation of combinations and 
j^ermutations, the beginnings of the theory 
of probabilities, the co-efficients of Newton’s 
binomial theorem, the first principles of 
statistical science, and the " Potestatum 
numericarum Summa". It was from this 

that he set out the main rules of integration. 

Tims the formula 



is enunciated by Pascal as follows: "The 
sum of the same powers of a certain number 
of lines is to the power immediately above 
the highest of them as the unit is to the 
index of this same power’' — i.e., in modern 
notation, 

.r 

/ 

0 x^dx 1 


From this he could easily estimate parabohc 
areas. In fact, to choose a simple example : 
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1 



U 


Pascal’s method is more elaborate. 


In estimating the area contained beWeen 
the axis of x, the ordinate parallel to Oy, 
when X — 1 and the curve y — x-^ he divides 
the abscissa into n equal intervals between 
0 and Ij and he obtains a series of rectangles, 

whose horizontal sides are all equal to - , and 

n ■ 


whose vertical sides are 


GO > ^ ^ * 


The sum of the rectangular areas is 


1 

n 


{ (»-)■ + (i)‘ 

1- + 2--] 


_l_ 0 )' } 

6-^) OH). 


6 


When n is extremely large this is practically 
equal to J. It is rigorously equal to ^ for 

n ~ oo. 


Pascal’s quick mind noticed that the 
result is not altered if one^ or a finite number 
of rectangles is omitted. In fact 


Lt V+2^+^-^+n^ _ 

n—^oo 

Lt 1-+2M- — Ku>p)- 

^oo ^2-*^ 

for p finite. 

Hence his fundamental principle that 
'‘the sum of an infinitely great number 
of infinitely small quantities may have 
a finite value, while the sum of a finite 
number of infinitely small quantities is 
always infinitely small, and therefore can be 
neglected with respect to the finite magnitude 
under consideration”. Of course, the sum 
can be neglected because it is of a lower order 
of infinity. 

The principle — with which modern mathe- 
matics have made us quite familiar — is enun- 
ciated -in the treatise '‘Potestatum numerica- 
rum 8umma'\ which was composed in 1654. 
Pascal says there : “A continuous magni- 
tude of a given order is not increased if 
there be added to it, up to any required 
number, magnitudes of a lower order of 
infinity. Thus points add nothing to lines, 
or lines to surfaces, or surfaces to solids, or 
roots do not count in relation to squares, 
squares in relation to cubes ; so that magni- 
tudes of a lower order should be neglected as 
pf no account,” 


From, this mathematical principle Pascal 
rose to the following stupendous considera- 
tion : "All the bodies in the Universe 
cannot give rise to even the least of minds ; 
and with all that minds can produce, they 
can never give rise to the least impulse of 
charity.” This is clear, for bodies, minds 
and charity belong, as it were, to different 
orders of infinity — the material, the spiritual, 
the supernatural — , and one is as nothing 
when compared with the other. 

Leibnitz i3ondered deeply on these thoughts, 
and in an unpublished fragment, where 
he transcribed Pascal’s notions of twofold 
[and manifold] infinities, he added : "What 
Pascal has just said about the twofold 
infinity is only an introduction to my system 
[of the infinitesimal Calculus]”.* 

It is, perhaps, worth while transcribing 
here Pascal’s famous thought — one of the 
most complete — where he discourses and 
meditates on the infinitely great and the 
infinitely small. "Let man contemplate 
the whole realm of nature in its full and 
exalted majesty, turning his eyes away 
from the base objects that surround him on 
all sides. Let him lift his glance to this 
dazzling light, placed like a lamp to illumine 
the universe to all eternity ; let the earth 
appear to him but as a point in the vast 
circle described by this luminary, and let 
him pause to wonder at the fact that this 
vast circle itself is but a tiny point compared 
to that described by the stars revolving 
in the firmament. But if man’s view be 
arrested there, let his imagination pass 
beyond this point, and it will exhaust its 
powers of conception, before nature has 
exhausted its supply of concepts. This 
whole visible world is but a speck on the 
broad bosom of nature. No image can do 
it justice, and however we may enlarge 
our conce]3tions beyond all imaginable space 
we create but atoms in comparison with the 
actual realities. It is a sphere, whose centre 
is everywhere, and its circumference no- 
where. It is, in short, the greatest character- 
istic available to sense of the almighty power 
of God that our imagination should lose 
itself in the thought. 

"Then, returning to himself, let man 
consider what he is in comparison with all 
this expanse of being ; let him regard him- 
self as lost in this remote province of nature, 
and from the little cell wherein he has his 


* C/. Baruzzi, Leibnitz et V organisations religio^^e 
la terre, pp. 224-30, 
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Mi(‘ univ(‘rs<‘. h‘t. him h‘nrn to (\st inuit.t^ 
jiriuiiti i.h(‘ (‘Jirtlu it s kin.u’doni.s, its a.nd 

hiinsidr. What, is man io I1 h‘ inliniti^ 
‘‘l>ut. to siiow him aootluo’ ma,rv(d, no 
l(\ss aisionishin.u’, hd. him ('xaniim^ t h(‘ niinut ost- 
tiliin.u’s h(‘ knows, lad lum consiihn' a. mit.t‘ 
a.nd nolo tho tiny ho<ly rompoS('(l of pa-rts 
iiU‘om}>ara'hly moi’o minntc‘ ; lh(‘ limbs with 
joints, tin^ V(dns in th(‘ limbs, blood in tlu‘ 
V(dns, humours in th(‘ blood, dro])s in th(‘ 
huinou!‘S, and va.poui’s in tli(‘ drops, bid. 
him a.i»ain dividt^ th(‘S(‘ parts, (‘xlumst.in^- his 
powiu’s of iimru'inal ion, and li(‘ may t hink 
ii(‘ ha.s a.rri\(Ml at tin' most ('xtri'un' diininu- 
tiivi' in na.t ui'i'. 'Pln'ii I w ill opi'U iHd'oiX' him a. 
iHWV abyss. I will (h'piid. For him not only 
tb(‘ visibh^ univ<‘rs(‘, but all ( h(‘ innuiuisity 
of na,t.ur(‘ ima.fj:inabl(‘ in I In' <*n closing* <m Vidopi^ 
oT t.his minut(‘ a-lom. la't. him S('<‘ tbiuxu’n 
an inlinit-y of univiU'Si'S, i'aidi with its lirma.- 
nu'iit., plainds and (‘a.rth in tlu‘ sa.nn' propor- 
tion as in tin' visibh' world. In <'a.(‘li (‘a.rt.h 
animals, down to tin' mi<lii’<‘t (‘xisti'iuaxs tlnit. 
show him all that. In' has ab'i'ady s('('n in 
tlu' first. !Iow('V(‘r many In' may s(‘(‘ In' 
will tind in all tin' sarin* mn'inliiru,*, uni'i'st iirjj:: 
pur])os(‘, a.nd In' will losi* himsnlt* in a.il tln*s(' 


marvi'ls, a.s woinh'rful in tb<*ir minnt.i'iu'ss 
a.s tin* ot-lu'rs in tln'ir imnn'iisity, for who will 
not. bi' a.mazial to ri'alisc" tba.t. our huma.n body 
just, now pi'rci'i v('d t.o lx*, but. a.n impt'rci'pl.i- 
l)l(* a.t.om in a.n insii];’nili('a.nt. pla.iu'i. of tin* 
univ(‘rsi‘, now In'ronu's a. (‘olossus, a. world, 
a. vast whoh* wdl.h r<'.<;’a.r<l t.o tin* not.himi’iu'ss 
into w'hich wa* <'a.nno(. pi'iu't.ra.t.i' i 

“\Vlio(‘V(‘r s(‘(‘s himsi'ir in this w'a.y will lx* 
(.(‘i*ri(i('d of hims('ir, a.nd, (*onsiil('iMn.<;' how lu* 
is upln'ld in l.ln* ma.l.i'riail substa.ina* na.turi* 
ha.s i»'iv(‘n him Ix'lwa'un tin* t.wo a.byssi's of 
(In' inlinit.i' a.nd not.hini^*. In* will t.i'i'nibh' a.t. 
t.ln* si^dit. of sindi ma.rvu'ls ; a.nd I t.liink t.lnit. 
a.s his ('Uidosity (•ha.ni'i's int.o woinhu* In' will 
b(' rnoix* dis])os('d l.o (amt.i'in |)lait.(' t.ln'in in 
sil('in*<' (.ha.n to pi*('sunn' t.o in V('st.ij^a.t.(' t.lu'in. 

“ Id)i’ a.ri.i'i* a.ll, wha.t. is ma.n in na.t.un* ? 
.\ not.hini!;’ (*ompa.r<‘d vvitb t.ln' inliuit.o ; a. 
whoh* with l•('|^•a.I•d t.o not.hin.u’, a. nu'a.n 
b<‘t.w('(‘n not.hini 4 - a.nd (‘vi'i'yi.hin^x lnlinit.('ly 
I’a.r n'lnovi'd a.s In* is Id'orn uinh'rst.andiniJ;’ 
<‘ith('r ('xt.ri'iin', t.o him t.ln'. ('inl of a.ll t.hin^i^s 
a.nd t.lu'ir b('^’inninL»;s a.ix' Iiichh'ii in a, ))a.niini2;, 
impi'in't.ra.bh' mysti'ry ; In' ('.a.n st't'- m'it.luu' 
t.ln* not.hin^MU'ss wdn'in'i' In* wuiS t.a.ki'.n,, nor 
t in* inlinit.y in which In' is ('nii;uU\'d.. ” 


The Theory of Valency : Development and Problems. 

by b. Sa.nuK'l, nr.idiib ((bx't.t in^i'ii), 
rn)J't\s,sor of Phj/sirs^ Musliw (hilrcrHity, AiUjarh. 


D lMMNdJ (In' last ci'ut uiw cln'inistry built- 
up t in* systi'in of luoh'i'ulai’ st ruct-un's as 
W(' know it. to day. h'irstly a.nd ma.iidy it. is 
cha.ra(*tci'is<*<l by the pln'inmn'iion of ‘\sa.tura. 
lion of vah'iicy 'fin* (dn'inical form's of tin* 
atoms wi'ix* (b'seribed by \'ah'ncy bonds 
which ix'pri'Si'ut <‘d tin* nundx'r of va.b‘n<*i<‘s of 
(‘a.ch atom, two of tln‘s<‘ bonds w<‘r<‘ a.bb* to 
(‘ombiiu' two atoms in I’hcmical union, a-inl 
moh'cuh's with unsat urat<*<l vah'iicii's (*xist(‘d 
only umh'r abnormal conditions as in fn'c. 
ra.dicals or in inanv unsat urat cd nH>b'<*uh'S 
such a,H bi'K, Ih'H, Alii, (Ml, etc., which the 
physicist obsi'rvcs in thi* I'U'i’t ric a.rc or in t in* 
dischar*i:<‘ tulx'. It was of coursi' n<*ccssa.ry 
to assunu' tha.t many atoms poss(‘SvS<Ml 
diUVrc'nt vah'ucy mindx*i‘s but. nnxh'rn a.t.omic. 
physics has furidsln'd such a. simpl(' a.nd 
o])vious ('xpla.na.t ion of this pln'nonu'uon, 
that- w(‘ do not. h('(‘ a.ny ditru'ult-y in t.his 
S(‘C()nd assumption to-day. ddn'simph' rules 
w'()rk('d out by ('hcmisti’y duriipu’ hlu*. hist. 
(‘.(*nt.\iry me(*t, t he r(‘((uir(‘ments of a.ll prinniry 
molecules. 


(du'inistry, howi'vi't*, wa.s una.bl('. to ^*iv('. 
a.ny (*x jda.na.t.ion of t.ln* nu'cha.nism of c.h('ini(*.a.l 
combination in ('itln'r ca.si*, a.nd ha.d t.o lx*, 
conl.i'iit. to int.r*oduc('. na.m('S oidy for t.he 
uiiexpla.iiH'd <*h<‘mica.l fona's, sindi a.s a.ninit.y, 
form's of va.h'ircy a.nd so on, which c.ould not. 
lx* iih'iit ifu'd wit.h t.hosi* physi(*a.l forc.c's known 
a.t t he l inn*. VVh('r('a.s ( •In'inist.r'y ^’'a.v('. us 
a. full a.nHW('r t-o l.ln*. ipu'stion, lohivk (du'.mb'.al 
union o(‘(‘urs if a.l-oms a.ppi*oa.ch ('a.(‘.h ot.luu', 
tin* ipu'st.ion ioliy it. (X'curs a.nd.why it. occurs 
just, in this wa.y ('oul.d oidy Ix'. suc.ci'ssfidly 
ta.k('n up a. c('nt.ury hit.c'r by nnxh'rn a.t.onu(‘. 
physics, brom tin' monu'ut. onwairds wdieii 
bohr’s t.ln'ory of t.ln' strmd.ure of a.t.()ms 
ma.d<' it.s a.i)p('ara.n(‘(' in I Did, it. was c.l('a.r 
t.hat. it. could lx* only a. (pu'st.ion of tinu'. 
until tin' (*xpla.na.t.ions of tin*, probh'.ms 
would b(' found. Tin*, (h'vel.opnnmt took 
pla.c.(' in t.wo sU'ps. During* tin', ix'ifrn of tin*. 
pr(‘-wa.v('nn'cha.nical (piant.um tlu'ory of the 
at.om, ln'i.<‘ropola.r mol('(ad('s could be e\})la.in- 
('d a.nd ma.ny of t.lx'ir prop('rtics (|ua.ntita- 
t.ively calculat.ed and also some preliiuinary 
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models of Iiomopolar molecular structures 
could be developed. Wave-mechanics opened 
the second epoch by explaining and. (in 
some cases) directly calculating the forces 
which keep the neutral atoms of a homo- 
polar molecule together and we may say 
that we have already advanced to a rather 
complete physical understanding of the 
principles involved in the chemical behaviour 
of atoms and molecules, even if many Ques- 
tions concerning details cannot fully be 
answered in the present moment. 

In 1916 Kossel and Lewis simultaneously 
and independently put forward two theories, 
closely related to each other. The starting 
point of KosseL was, that the number of 
outside electrons of free ions as they exist 
in solutions is identical with that of the 
nearest rare gas. Thus in sodium chloride 
the sodium atom has lost its eleventh electron 
and the positive sodium ion remains with the 
configuration of neon whereas the chlorine 
ion has gained this electron and has raised 
its electronic configuration to that of argon, 
which follows one step in the periodic svstem. 
Eepresenting the outside electrons in the 
usual way by little dots (leaving the inner 
shells aside) we may represent this process by 
the following formula : 

Na- d- .Cl: =:[Na]+ [ : Cl : ]- 

He therefore assumes that the electronic 
configuration of the rare gases is not only 
inert in a chemical sense but that also a 
peculiar physical stability is due to it, so 
much so that in the process of adding an 
electron to the neutral chlorine atom in 
excess of its nuclear charge, energy is 
liberated. This conception serves very well 
the demands of the heteropolar molecules 
which are made up of ions. The forces of 
the electro valent link are therefore success- 
fully identified with electrostatic forces be- 
tween ions. Kossel uses it also in explaining 
homopolar linkages ; it is, however, only 
fair to mention, that he considered this 
always as a first approximation only and 
lioped to overcome the obvious difficulties 
by considering the ions not as rigid balls 
but as capable of mutual polarisation.- 
This idea, so to speak the next approxima- 
tion of KosseLs theory, was extended by 

1 W. Kossel, Ann. d. Physik, 1916, 49, 229. 
Cf. the monograph: ‘‘ Valenzkraefte und Koent- 
genspektren ” (Berlin, 1921). 

‘ Cf. the discussion in Zs. Elektrochem., Report 
annual meeting Bunsen Soc., 1928, pp. 24 and 60. 


Fajans and his collaborators. In the mean- 
time, however, Kossel was able to explain 
certain details of chemical behaviour with- 
out a special model of the homopolar linkage ; 
thus the maximal valency number of nitrogen 
or phosphorus is 3 in combination wdth 
positive partners as in PH.., NH.^, AIK, etc., 
because three electrons are missing for the 
completion of the eonUguration of the 
/oZZo?.em^ rare gas, but it is 5 in combination 
with negative partners like in or PCI. 

because these atoms possess 5 electrons more 
than the preceding rare gas. This agreement 
between valency number and the number of 
outside electrons shows that certain features 
even of the application of Kossel’s theory to 
homopolar linkage cannot be overlooked in 
a definite formulation of a theory of valency. 

Lewis'"^ also started from the apparent 
stability of the eight- electron configuration 
of the higher rare gases. The main feature 
of the theory is, however, ' a special con- 
ception of the homopolar linkage whicli 
made it extremely useful in the hands of 
the organic chemist. From the fact, that 
nearly all stable homopolar molecules possess 
an even number of electrons, he concluded 
that a pair of electrons is responsible for 
each homopolar bond, without actual trans- 
fer of charge. The combination of two 
hydrogen atoms was written as follows : — 
PI. -f .H =-11:1-1 

meaning, that in the molecule both electrons 
now are under the influence of the field of 
both nuclei. By this process of ‘"sharing” 
the electrons, the system of two hydrogen 
atoms becomes more stable. Lewis believed 
magnetic forces to be the cause of the elec- 
tron sharing. He could not know that 
quantum-mechanics would later reveal a 
then unknown force by which the “covalent” 
bond, as it was later called by Langmuir, 
is produced ; but even this was not so far 
from the truth, since we know to-day that 
the spin of the electron plays a great part 
in chemical combination. The model of the 
hydrogen molecule, however, taken as such, 
was fully confirmed and substantiated by 
vrave-mechanics . 

In Lewis’ model of the hydrogen molecule 
the electrons are redistributed in such a 
way, that each nucleus is related now to 2 elec- 
trons, that is, the number of electrons in the 
next inert gas, i.e., helium. The combination 

3 G. N. Lewis, J. Amer. Ckem. Soc., 1916, 38, 
762 ; Proc. Not. Ac. Amer., 1916, 2, 586. “ Valence 
and the structure of atoms and molecules,” 1923* 
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of four (‘hloriiu^ atoms with carbon to carbon 
totraichlori(l(‘ tak(ss ])lacc ac<M)nlin^- to tli(‘ 
Toianuhi : 

: (i : 

• 0. I- .1 .(’i : : Cl : 0 : (h : 

: ('1 : 

Thus (‘a,cli nuchms is r<'lat(Mi to s (‘l(‘ctrons. 
tJuii is, t h(‘ nnmlxn* of tin* out si(l(‘ (‘Ic<*l rons, 
in tin* hiij;in*r I’aia* ii’as(*s. !!(* assunu‘<l, 
t.lu‘r(‘ror<*, tic, it tin* (‘I(‘c(rons ((*n(l also to 
Form oct(‘t conliiniral ions in co\'ah‘nl. mob*- 
(ail(‘s. Tlnis Ix'wis’ tln‘orv contains two 
postula.li's : (1) tin* l)upi(‘l Kiib* which 

nuik(ss tin* Formation oF a. pair oF (*h‘<*trons 
r(*s])onsibh* For (‘adi imlividual bond, a.nd 
(2) tin* ()cl(‘t 'rin‘ory which assunn*s tin* 
i,(*ndcn(*y oF oct<‘t Foiauation. It should 
b(‘ (‘l(*a.rly borin* in mind, that I ln*sc t wo 
j>ost.ula.t 4 ‘S ar(* in<h‘p(‘nd(*nt (d’ <‘a.ch oth<‘r. 
''rids is im})ortant, b(‘cans(* tln*y ar(* also 
c.()inph*t4‘Iy im'onsist (‘lit with (‘a.ch oth(*r. 
It. is trin* that tin* sysl(*m oF or.a’a.nic 
cln'inist ry (‘an (‘on v(*nicn( ly lx* d(*scrilx‘d by 
tin* ()(*t(*l 1Mn*ory, but this is tin* automatic 
r(*sult oF tin* pn'xailiny I (*! ra vah‘ncy oF 
(*arbon. IF (‘ach chemical bond is r(*pr(* 
S(*nt (*(l by a. pair oF ch'ctrons, I In'ii (*a(*h 
t (‘t ra-vah'ut atom will lx* surroumb'd by 
(‘i^iiit. (‘h'ctrons in tin* nioh'cuh* simply 
l)(*ca.us(‘ Four tinn*s two is (*i,uiit. Or^’a.nic- 
(*.h(*nust'ry (l(*als only with a f(‘\N atoms 
wh()S(‘ va.ryiiijH* combination produ('<‘S mon* 
tluin a. huudr(*d thousand moI(‘cul(*s. In 
tin* p(‘ri(xlic tabh* W(‘ know, how(‘V(‘r, to da-y 
92 a.tonis, many oF which possess dirF<*r(‘nt 
stad(‘s oF val(‘n('y. 1dnis tin* t (*t ra val(‘nt. 
carbon a, tom is oin* otdy out oF about two 
hun(lr(‘(l cas(*s oF vah‘ncy and (*vcry om* 
oF th(‘m is (*((iially important ; iF \\(‘ wa.nt. 
to build up a theory oF vah'iicy ss(‘ hawa* 
just, to consid<‘r inorganic ch(*ndstry which 
r(*pr(‘S(*nts a. i’;i*(‘a-t(*r multiplicity and vari(*ty 
oF ch(*mi('al ('oinbinat ions. In tln‘niom(‘nt. 
w(* l(*a.V(* alom* tin* Fourth ;j;roup and tin* 
F(‘w ca,s(‘s, \vher(* tin* nuiulx*!* oF positavi* 
and n(*^’ativ(‘ vali‘n(’i(‘S is (*(jual and <'onsid(*r 
a.ny otln*!* ^roup oF tin* p(*riodic tabh*, we* 
S(*(* that. (‘ith(‘r tin* I)upl(*t Ituh* or tin* 
()(*t(‘t. 'rin‘ory has to In* aJ)olisln‘(L lOitln*!’ 
t.ln* ()ct.(*t. Kul(‘ is strictly maint a-iiu'd , tin*!! 
tin* (*!(*(*t.rons have* to lx* count (*d in su(*h 
a way tlniit. th(*ir mnnb(*r wln‘n surroundinj;* 
tin*, cent.ral atom is in(*r(‘as(*(l on tJn* l<*Ft. 
hand side oF carbon in tin* p(‘riodic tabh* 
and is (l(‘cr(*as(‘(l on its ri^ht Inuid si(i(*. 
This is doiu* by introducing' (l(*vic(‘s such 


as t in* S(‘mi polar doubh* bond a.nd t in* sin^iet. 
linka.^'(*. Or tin* Duph*!. Iv.uh* is st.ricMy 
maint aim'd, t h(‘n t in* numb(*r oF surrounding 
(*l(*cirons is a-lways doubh* th(* nunib(*r of 
val(*nci(‘s, hr., most.ly doubh*. tin* number of 
/>~(‘h‘('t.rons or oF s* h />-(*l(*ct.r()ns oF tilu^ 
(’(‘iitra.l a.tom a.nd t.ln* si.a'nilic.a.n(*(* oF t.lu*, 
Oct(‘t vanisln's. In(l(*(*(l From h(‘re on- 
wards t.wo ditT(*r(*nt. schools oF t.houyht/ 
ha.v<‘ b(‘(*n (h‘V(*lop(*(I on t.wo diflk'rc'nt lines : 
tin* tirst. tln'ory is int.ima.t.(*ly (*.onn(*(*.ti(*(l 
with tin* lutnu's oF lain^'inuir, Lowry, 
Prid(*a.ux, Sid.a'wick, Su^'di'n a..o.,'^ t.lie 
s(*con(l wa.s nniinly (I(*v(‘lo|x*d by (xrimm and 
S(>inm(*rF(‘hl.‘' I n(‘i(l(*nt.ailly lj(‘wds hims(*.lf 
a.t t ribut(‘(l ii;'r(‘a.t.(*r impoi't.a.ina* to tin*. el(*.etron- 
pair-bond lh(*ory of linka.^n*. Thus lu*. stait(*s'' 
“'Pin* striking pr(*va,h*n<‘(*. oF moh'.e.ules in 
which (*a.ch a.t.om ha.s it.s full, (piota of Four 
(*h*(‘tron pa.irs in t.ln* outc'rmost. sh(*ll lias h*.d 
bani*'muir t.o at.t(*mpt, t.o ma.k(‘ the Octet 
K'uh* a.bsohit.(*, a.n(l In* (*V(*n projioses an 
a.rit hm(‘t i(‘al (‘(luaXion to (h'tc'rmim*, in 
ac(*or(la.n(‘<* wit h this ruh*, wh(*th(‘r a. ^iven 
Foimiula. r(‘pr(‘S(*nl.s a. possibh* c.h(*.mi(*.ail sub- 
sta.nc(*. I b(*rn*v(* tlnit in his (*.nthusiasm 
For t his i(l(*a. In* Inis b(*(*n l(*(l int.o (*.rror, and 
that, in calliii.a' tin* n(*w tln'ory t.ln*. '’T)(*.t(‘.t 
'rin'ory " In* ov(‘r~(*mpha.sis(*s whuit. is a.fter 
all but. oin* F<*a.t.ur(* oF tin* lU'.w theory of 
vah'iicy. d'ln* ruh* of (*if;’lit, in spit.(* of its 
an'ai ini [)orta.nc(‘, is h*ss Fundaiinental than 
tin* ruh* of t.wo, wliieli ea.lls a.t.t.(*ntion to the 
(.(*nd(‘H(‘y for (*l(*el.rons t.o form pa.irs. Tin*. 
(‘h*et.ron pair (*sp(*(‘ia.lly wln'ii it is li(*l(l 
(’onjointly by two a.toms, a.nd t.liiis e-onst.i- 
lnt(‘S t.ln* ('In'inicail bond, is t.ln*. (*.ss(*n.tial 
(*h‘nn*iit in eln'inica.l st riiet urc*.” 

'Plius 1 1n* pi-(*“Wa.v(*-m('eha.nie.a.l, mii v(* (»>uain- 
tum 'Pli(‘ory ji 4 ’a.V(* us a. eomph't.i*. mnh'.rst.and- 
ina‘ (d’ tin* ii(*t.(*roj)olair <*.li(*nii(‘.a.l eombinadion 
(ta.kin.u’ (In* (*xist.(‘n<*a*. of (*l(‘e.i.ron ahinit.y for 
jj:ra.nt.(‘(l) but. 'v\a.s not. ahh* t.o (^xplahi t.lnit 
mutua.l inl.(*ra.(*t.i()n of (*.l(*(*.t.rons on which 
tin* (*l(*et.ron a.tPmit.y it.S(*lf d(*.p(*U(ls, aiiid tin*, 
lioniopola.r Iinka.;j;‘(*. ddn‘r(*f()r(^, it. wa.s jxissibh*. 
lo int.(*rpr(*t this pln'iiomenon in (lifh'.rent 
ways a.n(l t.wo dirf(*r(*nt. schools of t.hou^dit 
lia.V(‘ b(*(*n (l(*v(*l()j)(‘d. Om*. of t.h(*an main- 
t.a.ins tin* (*xist (*nc.(‘ of parlh*ada.r stable 
(‘h'etronie. eon (ij^'ura.t. ions airouml (*4ich atom 

(^f. Hid^wi(‘-k, FjUu'iroiur. Theonj of Valency 
(Lornhxi, 1027). 

f* Phys., I0'2U, 36, 00. (Jf. Qvimm\ aitich) 

in Ilandh, d. Phys., 24. Ij ‘sslx‘irn a,ud Sanuud : 
“ I )i(* Vahui7.za.ld, (*tc2’ (Heflin, 1027), 

Va,l(*nc(^ (‘t.e.” ( .•lxi))t-(‘.f VIIl. (-f. Chon, 
Phys., 1.000, 1, 2:5. 
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(Octet Theory) hut lias to resort to clifierent 
varietic\s of nou-electro-statical linkage. The 
otlier one is a uniform theory which main- 
tains the close relation between the number 
of valencies of an atom and the number of 
its electrons in its various outside groups 
and sub-groups and obtains stability in all 
cases in which the electrons of the central 
atom not taking part in the linkage form 
completed groups and sub-groups. We shall 
see later, that this dilference of opinion 
leads even to-day to two diiterent interpre- 
tations of the wave-mechanical treatment of 
the homopolar molecule, either being logical 
and self-contained, in such a way that we 
can decide between them only by comparing 
tlieir results with experimental evidence. 

If we are now going to consider the results 
achieved by wave-mechanics in recent years, 
we encounter the same difficulty with which 
every one who speaks or writes about 
quantum mechanics is faced. If we are 
coming to atomic dimensions, matter behaves 
•unexpectedly different from its behaviour 
known to every one from the experience of 
daily life. We understand tliis behaviour 
in this Sense, that we are able to describe it 
by valid mathematical formulae and therefore 
wave-mechanics was able to exxffain covalent 
linkage between two atoms. If we take up, 

• how^ever, our leading question again and ask 
with which physical forces we have to 
identify now those '‘forces of valency,” 
we are still at a loss to answer this ques- 
tion. It is — as a matter of principle — not 
possible to describe this behaviour by an 
analogy or a model based on daily experience 
or even in the language which \vas formed 
during hundred thousands of years by 
this ex]Derience of the macroscopic world 
and which, therefore, does not offer us either 
wurds or conceptions for such a description. 
In wuve-mechanics, the Hamilton- Jacobi’s 
equation of classical dynamics is replaced 
by a different equation, the so-called 
Schroe dinger wave equation. Because the 
effects in the atomistic world are different 
from those in the microscopic world, they 
can be expressed only by a different method 
of calculating, which we call wave-mechanics 
and for which this equation is the foundation. 
In x)articular, covalent linkage is not due 
■ to an attraction of the atoms according to 
Coulomb’s law but to a purely wave-mechani- 
. cal. effect w^hich has no classical analogue 
but is somewhat similar to the classical 
resonance phenomenon. If the system of 
two atoms is degenerated in such a manner 


that its energy value can be represented in 
two different ways — e.g., by the exchange 
of electrons which are identical and whose 
exchange is therefore without an influence 
on the energy of the total system — -this 
degeneracy is eliminated so that the common 
energy value is replaced by two different 
ones, one higher and one lower tlian it. 
The H, molecule, e.g., consists of two nuclei 
(a) and (b) and two electrons (I) and (2). 
Electron (1) may be with nucleus {a) and 
electron (2) with nucleus {b) ; the system 
may have an energy E. The electrons 
(1) and (2) are indistinguishable, so electron 

(1) may also be with nucleus (b) and electron 

(2) with nucleus (a) and the energy of the 
system will have the same value E. Wave- 
meclianics says then that the actual energy 
value is not E, but there are two possibiUties 
one value lower than E, another higher.* 
The lower one is even lower than the sum 
of the energies of the two separated atoms 
and leads therefore to chemical union and 
the liberation of this energy difference 
appears as Iieat of formation. The higher 
one leads to an elastic collision of the two 
atoms. The non-elastic impact and chemical 
union occurs, when the two electrons possess 
anti-parallel spin vectors, the electrons then 
going into the same quantum group of the 
molecule, and the elastic impact occurs in 
the case of parallel spin vectors. The wave- 
function of the IT.^ molecule, corresponding 
to the lowur energy value, shows a finite 
probability for the electron of the one atom 
to be also with the other one and we may 
interpret this as the analytical representation 
of Lewis’ process of sharing. If on the 
other hand the same calculation is apj)lied to 
two unexcited helium atoms, each possessing 
already two equivalent electrons in the 
same quantum group, ie., with counter- 
balanced spin, no splitting of the energy 
value occurs and chemical union is not 
possible. It can take place only between 
excited He atoms in which the closed group 
of electrons is fissured and indeed such He, 
molecules formed by excited atoms are 
spectroscopically known to exist in the 
electric discharge tube. A closed quantum 
group always renders the atom chemically 
inert. 

The wave-mechanical calculation, the results 
of which have been just described, was 
first given by Heitler and London. Since 
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\VjiV(‘™nu‘('ha.nically th(‘ tmdccuh* is dc 
scril)(‘d by its wa v<‘ funct ion. d’hc method of 
Ilcdthu’ and London consists in c(msl met iny 
t h(‘ wav(‘“funct ion of t \ir mohamh^ by combin 
in.i»‘ thos<‘ of th(‘ s(‘[)arat<‘<l *atoms. Amdh(*r 
wniy (d doiny it is to consider only the \\a\<‘ 
functions oi' tln^ vahuicy (‘hadrons of tin* 
s(‘parat(‘d atoms and to Iniild uj) that of th(‘ j 
moha*td(‘ from tln'in. d'hi.s method wa^ ! 
succ(‘ssfully us<‘d by Slalin’ and Laulim,*' 1 
in (‘xplaininy (in* \ ah‘nc\ ttnylc in such mole | 
cul(‘s as ll..(), in which the \alcnc} eh‘cirons | 
of tin* central atom ar<‘ jt <‘!<‘ctrons, I 

Loth these imdhods commence with tin* ; 
systtun of the separated atoms, wliich arc 
t houyht to approach (at eh ol her, t heir mut ual 
intiuaict ion gradually incrcasiny. 'riima* is, 
how(‘\'cr, a thiial method, d(*\c}oped niainlv 
by fl(‘rzb(‘ry, llund, Ismnard Jomas anil 
i\l ulliken,“' which cotisidcrs tin* alrcadv 
combiui'd atoms, /.e., t In* com phd (al molccnh* 
from tfi(‘ \(*ry b<‘yinniny and whi<di is <-allcd 
tln'iindhodof m(d(*ctdar orbitals, an orbital 
bidny a (juantum yroup of the imdiaailc. 'I’he 
nuchdan' thought to be tixial at a particular 
iuLumuchatr distatna* toyet Inn* with t heir conss 
ol i n ma* <*ha‘t rolls wliich do not tak(* part in 
t h(‘ clnanical linkatp*, tin* so cal ha I atomic 

orliitals'h 1'h<‘ outsidi* chadrons arc added 
OIK' b\ oin* to this skehdoii, til liny up tin* 
“mohaailar orbitals”, ddius t In* wave fumd ion 
of tin* mohaaih* as a whole is cauist rmd lal 
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by (aimbinuir tinea* t»l fh(‘ •■.itede ehairon;, 
which from the \(‘!> be‘'mniie* are undei- the 
intluerna- of bol h 1 he nmdei . 

rilimatelv <d' (aoir e all the e metinHl. a re 
bound to mep'.e and it slnudd not matleis 
if the w a V (* fnmdion of the fimleetde t ■. 
approximated ly\ a'pa rated atom •, d«‘«‘rea. in*: 
t Indr di. tainaa or b\ (deefroiis brnindit in the 
lield of the two nnch‘i which Inue alreaih 
tin* prop»a' int (‘rnticlear di.tancc pi*e\a!lne' 
in the molecule. We art*, iiowe\er, not abh* 
to (‘alcnlate .ainicicnil\ hi!’h a tmro \ una f ions 
and tlnnad'ots* tin* la'sults ma\ vary, eatdi 
nu'thod ‘'d\in‘' a dif{er<‘nt approximation of 
t In* .saim* t nie wave fumd ion of tin* molee nh*. 
In yeinasi! we mav sav that (he r(‘sulls o?‘ (In* 
hrst two and liods, w inid; eommence with 
th<‘ >epa»'atMl .'■.vsti'in, descrilM’ hefter tin* 
condition: in ( he nndemih* at lar'*er dis! anee:; 
of the m:eici, wln*r(‘a' tin* third met hod 
natiirallv belter re.-mlfs at l(‘ss(‘r 

distances. Sinet*, bow(‘Ver, m’hial ealetila 
lion is jios.sibh* onlv in the .siinph’sl ea a*’., 
and has to be replae(*d b\ inmeral isa t ion in 
heavier, polv ehudronie nMdectl((‘S, then* 
r( ‘III a ins a c eld a in di a-rid ion of in t erpiad a ( ion, 
which hsid . to differmil t heori(‘s of valtuiey. 

L t- ob\nms that tin* lir.d and second 
method, ol mathematical Insitiiiciil h*ad to 
an (Ictdron pair bmid lln'ory id’ vahmey; 
ill p<d' atomic imdc(’ules tln*:c [rdrs. of 
ch’cti’on; wlindi !-cprc,.cnt tin* clicmical bond 
an* locali.aMl ludween two nuclei. Only 
tin* third nnllnHi prevails didVrcnt waw* <d 
inl(*rprclal mil as In a tln*ory of \alcn(‘v. 
t hcmi«’al bnkay,c i , alwav.i dm* to a d(‘L*cnera 
cy, a:-. (h*scrib(*ii abova. In thus* simph* 

ca’cs, in which actnaj w a V(* mcidia nical 
'’a I c u la I lo n i . p( i s i bl e , 1 1 n * r< * c \ i .d , h o w c v a » r , 

t wo jio abilit ic 'PIk* luika^.r, /.r td' 1 1 ' 

may la* a a>nb(*d cither to th<' (h’.n.in*ra(‘\ 
jU’oduccd bv t he (‘piialtl > (d' I he t uo eh‘(d toils 
ori(»thaf prndma'd bv t In* (‘(jualit \ (d’llie pro 
Ldis. Hmid ha.: shown that I In* falter one i.s 
prc.wrved to aet-rlam (‘xlent, i*ven when tin* 
mielear ti<dd s arc not (*\a<‘(lv hul almost 
c<{ua!. A.-isumim: that <dn‘mi(sil linkma* i.s 
always dm* to tin* st I'iel or a(>pro\inia{ cil 
♦ ‘(jualit V ol the HKf'hid' fiilds^ w< d(*rive a 
theory of valency in w hich alr(*ady f he s/h/f/Zc 
(‘l(*clron piaHltices a hondim*; effetd ; if, 
however, the vd'uei’.; I isa t ion is dom* on 
tin* lines, I hat 1 In* t*(j milil y of fin* c/ca/re//.v 
prodtici*.si tin* d(‘‘d‘m‘rac> in*'‘c.s.saiw for chemi 
< ai linkayj*, wc art* led to a pitir baud jiH*orv 
(d \alcnt‘y. In other words, w hen const rmd 
iuy the* wav(* function (d* tin* nndceuh* by 
introdu(‘iny t In* (‘l(*e| rons om* l>y om* into the 
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coni billed field of the two nuclei, we may eitlier 
consider tlieni as indopendent, more or less 
neglecting their mutual interaction, or we 
may assume that sucli a.pproximation is 
insufficient for a theory of valency and that 
the mutual interaction is just the essential 
point for it. There is no doubt that both 
effects are alwa:^s present but which of them 
prevails normally cannot be decided by the 
mathematical treatment itself. In any case, 
whether the wave-mechanical method of 
molecular orbitals is interpreted as a single 
electron bond theory of valency or as an 
electron pair bond theory, a x><>stiilate is 
introduced and the decision has therefore 
to be arrived at by comparing the results 
of both views with empirical facts. 

It is already possible to calculate some of 
the important features of a molecule by 
treating the electrons as independent. The 
method of molecular orbitals owes its success 
just to this, thCct the term system and the 
electronic configuration of the completed 
molecule can be derived already in an 
approximation in which the interaction of 
the molecules has not to be considered. 
The results, obtained in this way, have led 
some autliors to believe that the question of 
chemical linkage may also be reduced to the 
bonding effect of a single electron in degener- 
ated nuclear fields. This view is supported 
by the existence of the molecule ion H.,'*' 
which contradicts any pair bond theory of 
valency, because only one electron is left 
and here the linkage is certainly due to the 
strict degeneracy of the nuclear fields. In 
poly-atomic molecules the independent elec- 
trons are '‘non-localised’’ and do not belong 
to any particular nucleus, and this gives an 
opportunity to translate the Octet Theory 
of Chemistry into wave-mechanical language. 
It requires, however, the additional hypo- 
thesis, that the vastly different fields of 
say, C-+ and in CO or Oa-”^ and 
in CaF etc. are almost degenerated. 

As soon, however, as the nuclei are not 
protons, just those molecules exist which 
possess a bonding pair of electrons, as 
Lio, LiH, BeH, (BeH)^, but those with one 
electron only cannot he found even spectro- 
scopically like (Lio)+ (LiH)+ or (BeH)+^. 
Furthermore some molecules possess excited 
electronic terms in which their energy 
of dissociation is considerably increased as 
compared with that for the ground level, 
and it was found that this phenomenon 
occurs just with molecules possessing free 


valencies.” It was possible to give a 
simple explanation from the pair bond 
view, whereas the other viewpoint is at a 
loss to explain this phenomenon in a simple 
way. Similar results obtain with regard 
to the linkage of atoms, possessing a helium- 
like configuration of two s-electrons, like 
the atoms of the second group or C in CO.,.” 
The S“ group acts rex^ulsively according "to 
spectroscopical evidence and wave-mecha- 
nical calculation and these bonds can be 
understood easily in a pair bond theory as 
arising from excited atoms, wliereas the 
single electron bond interpretation of the 
theory should expect a different term as tlie 
ground level of these molecules. As regards 
the point of view of chemistry, it lias 
been shown recently that there exists no 
experiment whicli proves the Octet Theory 
and that experimental evidence favours 
rather a uniform yiair bond theory.”^ 

The question as to whether non-localised 
wave-functions , i.e,, independ ent ele ctrons, 
or localised functions, i.e., electron pairs 
with strong mutual interaction, describe the 
molecule better, can be decided by the 
incapability of the non-localised functions, 
to describe the process of dissociation. The 
view of the single electron bond theory 
leads automatically to an incorrect statement 
as to the products of this process. If in H, 
the two electrons are treated as independent, 
the products of dissociation are 50% H-fH 
and 50% II"^ +ir", which of course is far 
from the truth. Tlie sanu^. obtains in poly- 
atomic molecules. This takes place, because 
the non-localised wave-function of the mole- 
cule contains also the ionic terms of H'*' and 
11“ in too high a pmx'xmtage, and this is a 
direct expression of the independence of 
the electrons. If the two electrons have 
no interaction other than a screening effect, 
then indeed the probability of either electron, 
to go with one or the other of the nuclei, 
is always 50% and it does not matter, if 
the other electron is already in the vicinity 
of this particular nucleus or not. If there 
exists, however, a strong mutual influence 
between the two electrons, the choice of the 
second electron, to go with a particular 
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iiu<*l(‘iis, will {{(‘{><‘ 11(1 also on Iho ohoiot* ol 
Mi(‘ lifst. on(‘ and l }i(‘ {irobabilil \ of kuip.!, to 
Mia.l |>a.rl icular mich'us, lo which also the 
otih(‘r (‘l(‘cli‘oii h<‘loiius, will l><‘ nmeh less 
t'haiii (hail, of .u'oiitu' to lh(‘ !iuch‘iis w hicii is 
stiill without, a.n (‘hadron. 'Tlu' {>aii' boinl i 
int.(‘r|)r(‘t a.t ion natni'all\‘ |>iclni’(‘s the moh* 
(*nl(‘ with a. stroiru’ int(‘raction inside the 
(‘h‘et ron pairs and a. w (‘ak in t (‘rae! ion Id’oin 
j)a.ir to jiair. ddi(‘r(*rore mat h(‘r st i*iel 1 \ loealis 
(‘d wa.V(‘'rnnel ions, in which t h(‘ inl(‘ra(‘{ ion 
ri’oin |)a.ir to jiair is missing' and not contain 
inu' th<‘ ionic t(‘ians at all, nor stricllx inni 
localisial Funct ions withonl anv interaction 
but' with th(‘ Full w(‘i;U:ht oF tin* ionic {('inns 
a,r(‘ a. (*orr(‘('t d(‘sc!a {>1 ion. Slater thcri‘For(‘ 
c.oidd show tha-t in tin' tirst wa\(‘ m(‘chanical ; 
ni(‘t.h()d a.ixmt w hitdi w (‘ spoke aboxc, a 
(‘(‘rtain |K‘rc(‘nta.a’<‘ oF the ionic t(‘ians has ■ 
to b(‘ introdnc(‘d, or in tins inolecnlar oi'bital , 
nu'thod, th(‘ (‘Xc(‘ssi \(‘ inllncnc<‘ oF tin* i(mic 
t.(‘rins has to b(‘ canc<‘ll(‘d to conn* to satis 
Fa,cto!‘y r(‘snlts with rtv^ard to dissociat ion . 
ddins th(‘ two \’i(‘ws approach (‘ach otiiec. ' 
Sonu't iin(‘S it w as beli(‘ \ <‘<1 1 hat in pol\ atoniie 
inol<‘cnh‘S t h(‘ localis<‘d wa\t‘ Fniielion^ <iF i h<‘ 
|)air bond ini ei f >ret a t ion repre a-iit a poorer 
nia t h<‘ina I ical a ppi'ox innit ion. IF it wonbl b< 
triK'that I he a ppro V imat ion b\ non loeali. <*<1 
Fniictioiis is mat lienia I iea 11 the better one, 
t'his would b(‘ imb'cal a seiious arcnnuait 
a^A’ainst th<‘ jiair bond \ iew . 'The diom, .ion 
(*onc(‘rn(‘d jiart icniarly tin* linkage between 
t.wo atoms witli one .v tdeetron ea<'h and a ; 
(‘(‘iitral atom with two elect rmis, the ; 
linkae‘(‘ s {> ' s, as in 1 1 ,( ) or < d I .. It could, .■ 
how(‘\ (‘i*, b(‘ show n I hat t hos(- Fnnet ion.; w hicb i 
torm tin* son n* what jxnn’er approximation ■ 
hax’c still tin* disad\ ant avn* ihnt tln‘\ \ ield 
wroira,* j>(‘rc(‘n{ ai;(‘S oF di.s,nn*ia t i(m product,;. ; 
11 a. dill(‘r(‘nt procedur’c, v\hieh ‘'.i\e;; the 
corr(‘ct products oF d issoeial ion, is Followed, 
waive Fnnet ions ai'(‘ obi ained which \ ield not . 
only almost localised Ixmds but also an 1 
im{)rov(‘in(‘nt. oF I In* appi’oximat ion.' ' | 

' * *1 . 11. \ .'in \ ./. ('ir'tii, /*//// ,'., 1 ■ 

177, 21!) ; in:; i, 2 , an. ’ ’ ; 

II. brs.hiarn and h*. Soil'll^, ht,l 

Aratl. Sri., in;:», 1 , {'rs>. Vn/eo-. niln 1 

l>. 2 :;o. * ! 


Ifo 

‘riiu^ we «’e that It! tin* tmdlnrd ip' mole 
enfar orbital-, t w o lut erpix*! ;it nm-. are po-sible 
and t he.-'t- repKeenl jU .1 tine'-e twtr ,.ehoo|% of 
thouybl, which t'Mded already in pre 
w a \ e imndia mea 1 t heoi’ics of {inlaii'.e. Tin’ 
int<‘i-|>re{a 1 ion b\ imieprrnbmf ehadrons i. 
eertainlv aitlieient Fm' the de -;eia{>l ion td' the 
eomph‘l<a{ moleonha bn! a;i ;aMm a,; an\ 
<jin‘Nlion connected with the transition to 
I'l’eater int eiaiiielea r distanee.s, ij,, with 
tin* d is.soeia I ion oF fin* molecnh* ari.s(‘s, the 
iidei-prtda! ion b\ t he chM*! ron pairs is sn{)(‘rior 
both From tin* \n*w point oF mat{n*ma{ics 
and <*\perinn‘nt a! ph\ sir’s. 'r!n« theory oF 
vahmey is eerlaiid> con<’crned mon* with tin* 
pro* -ess (d' di .,;oeia{ ion or Format ion than with 
the de.-ncript n»n rd tin* c<nnph*t(‘d mol(‘(*id{‘. 
t’ombimm* all (In* diFF(‘r<‘n( points (d’ \iew, 
eln*mieal (*\ idence, band ,:p«‘{*tra, and tin* 
anal \ t ical repre,;c*nt a ( n>n oF t In* moI(‘<*nit‘, 
it t*an be ;-diow n t h:i( t lie pair bond in(<‘r 
pretation reailt.; in a S(‘1F e(ni(ain<‘d lln‘ory 
in whi(*h all the dithenll i<‘s oF I In* other \ i(‘w 
disappear. 'To our mind, (ln*n‘Fore, th(* 

bal:irn*e id' probabdil\ I’ests with the [>air 
bond t!n*or\ ami we have to picinrr* tin* 
bid'. a* 'I* m a iiorimd mole<*nle likt* Sh' as 
produced b\ i\ bt»nd each <d them alnm.st 
eomph'(ol\ loeall ed b(‘!ween the S and om* 
<d‘ 1 he 1*‘ nm-let. Theis* i:; no diFFer(*ne{‘ at 
all Indwecn the <• .i\ linka‘n‘.s '('In* rt'al 

tiehl (d :in{dieaiion (d tin* mm loeali;.(*il wavt* 
Function,; ami m:in> a bt*an(iFnl e\ plainit ion 
(d' eom{dit*ate{i ^dietnical «pn*;dions by tin*m 

".iven in the aromatic :;nb:-;tanc(*s, wln*re 
iinler'd I lie <‘lee| rolls <d tin* b<‘n/.<‘in* rine.' 

bt‘ con nlered as non locali.a‘d, 
a;; In'tomom*, «*(pnilly to all the c;irbon atoms. 

1 he d<*"('in-ra{’ s id fin* nncb*ar (ield.; on the 
(dht'r hand an .wer.s niamlv For I lios<* eiTe<*t;;, 
which are contn'cted with (In* polarity oF 
the nioh'cnle, a . tin* tr;ina,tion from eo\ah*nl 
to c*h‘el rov ;dent lmka‘',e or tin* indnelive 
^•lie(d, n; ed m modern orjnmic chemi.strv. 
\\ith t hc;;<* (pn*s.{ ion.; we <-annot deal In're. 
II, bow(*\er, weeoidiin* ourselves to normal 
moleenle.s, it aiipear.s as iF a uniForm {lair 
bond I heor\ will a n.sw er liest the reipii reincn t s 
oF cheim.drv and idiy.sic-. 
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from i(.s aiui (‘pidrniio’o'.'ical ‘Valm't's 

sIiowhmI it wais not malaria hut a liilluTto 
iin(l(‘S(‘.rih(‘(l (lis(sis{‘, and lu' sii.u'u'csl ud flu’ 
saiiidlly as tlu* most Iik<‘!y viM-tor. ih* 
sho\V(‘(l his Iv(‘j)or{ in ltM)h to Sii* Pal rid. 
Ma.nson who sui>’.i»’(‘st <7i t Ik' iiauu' “'f'hr<‘t' (i;i\ 
IA‘V(U‘ of ( ddt i'al Md 'arrisoiTs dt‘s<*ia|»l i(»ns 
of t h(‘ iVv(‘r appoaja'd in t !it‘ indiftn IZ/d’/v/Z 
(la:ctiv of January i(is snaLVos! iom; 

\V(n’(^ la.t.(‘r conliranod by \arious ohs«‘r\«‘rs, 
hut. to Mot 'arrison w(»uld appoar to l>ohniv.’’ 
th(‘ <‘r(‘dit of lirst (h'scrihinu' t'hitral l*’o\rr 
a.s a. d(‘tin!t(‘ entity aint sinji'yest inu‘ its \ eel or. 

On h‘aA‘im‘‘ ddti’al, M<‘('arrison tmler<Mi 
tlu' I^\)r(‘iii‘n and Political Ih'parJ numt niid 
waiS posl(‘d to (iil^’it. IPum* ht‘ eonimen<*e<l 
td(‘ s(‘i'i(‘s of obs(‘r\'at ions and (‘\ p<‘rimei'l s 
whi(*h a.ttra.(d(Ml immediat<‘ att<‘ntion ami 
phiiCiMl him at one(‘ as a ri‘S(‘ar(di worlon* and 
a.n ohs(‘rv(‘r and (‘x peidment alist of thi‘ liivl 
oi’d<‘r. In (liL‘ 4 ’il h(‘ nunh* an (‘pidtaniolo.uieal, 
elinieaJ, t Inn'a p(‘nt i(* and (‘\p(‘rinu‘ntal st nd_\ 
of .^’oit.r(^ erid.inism, (h'af -mut 'sm and <‘nd(‘nn<‘ 
tcdimy. doitri' was Ikum^ «mdemie in <’(n’taiii 
vilhii»'(\s and Met’ar’rison set himself t(» st ud\ 
th(‘ ea.us(‘s of this (mdemieity. lii* <d>servA’(l 
that' t h(‘ wat<‘r drunk in such \ ilia, u<‘s was 
hi.L»’hly j>olIiit(‘d, and he produced uoitiM* in 
hims(‘lf and on soim* ot her human \olunt<‘ers 
by driidvin,!'’ niyiit and mornin.u' tin* n*sidu(* 
l(‘fti on t h(‘ (‘andh* of a. Ptn’klehl iilt(‘r, after 
llltnition, of ‘•'rossly j)ollut(‘d driidiin^' wal<*r, 
vvhi(di laid pass(‘<l throu,< 4 'h a vdlaa'i* wliere 
^^oii'r(‘ was hi<»'!dy en(h*mi<'. He furtluT 
showtMi tliat. ^i:oitr(‘ thus produe<‘d was in its 
(‘a>rly sta'< 4 '(‘s eurabh* by int(7stinal antis<‘plies 
(thymol, (*te.) and by shock dos(‘s of vae<an<*s 
(eoli, starp!iylo<'o<'eiis, In Oilnit als(» 

h(‘ d<‘S(‘rib(‘d a. luwv typ(‘ of er<dinism which 
wais dm^ to invohamient of botii the tliyroid 
a.nd pa.ra.t hyroid j^iamls. II is work Inu’e 
ait.tniet(‘d <j;’rt‘at. alttmlion and raised Inpass 
t'haJ^ \\a‘ had inuM* a workm* of lirst rat(‘ 
ea.paibilit ies wit li imajj^’inat ion, insi,u'ht and 
orii^i'inality who woidd attack probhaus from 
a-ii ind(‘p(md(mt vic^w-poiat ; and furtlnu’ 
work on jj:oitr(‘ was eoali<bmlly await (sI. In 
1911 h(‘ left (iil< 4 ‘it on furlouju'h to 1011*4:1011(1 
wIkuh* h(‘ wa-s invitisl to d(‘Iiv(‘r the Milnn* 
L(a*.t'iin\s ait tin* Ivoyal Po!l(‘< 4 *(‘ of Physicians 
in London (elanuary 19i:>). 1'h<‘S(‘ 'lectures 

W(‘r(‘. pnblislusi in book form witfi tin* titl(‘ 
“77m AvtioUHjif of (ioitre" which is still an 
e\n*(dl(‘nt r(‘sume of tln^ knowhsl^v up to 
that tiitua I>urin;L»’ this p(a’iod Ii<‘ studi(sl 
^'()it,r(‘ in t.ln* Alps aiud Swit Z(*rland. 

IFc retimuMl to India, in PJIJ and (‘om« 
meuced work with tin* Indian ILsstaireli 


h’und \..(Maatinn, a e«nim‘eli<in which was 
: maintametl imml t-rrupi cdl) until the 
: preamt ><ar mi hi !‘efnrjnenl. He first 

; woi'keil at Ka auli tui an /he;//o'// an Uoitn 

; (fiitl i 'ft tnicsfr ntuh'C tin* Indian Itesrareh 

' fund K— (MiafKUL rii!'. \wn’l’. wa;^ lareeh 

e\ permi«*nl a } and he wa. aide lo [irodnce 
i ‘MMire ni animal; imdrr ex pcianieiif a I eendi 
li<»n-^, and whal wa. nunc impoiianl, eon 
‘’eiiital "mlrr and eoieainlal paralhxndd 

di.soa-e and er«‘l mi ni m I heir olT,»prm“, the 
foi'inm* b,x lerdiie* lie- anmiaf; either on 

eullin'e. of la‘eal baeirrta < 0 ’ a t;eeal baettaaa 
from vanirou ; [ler (oi Thr (-omnaiilal mani 
felalion. wera* obtained b\ hM'dme tin* 
motle-r. Ihroinduuit pia na ne\ on aiuerobic’ 
cull lire , of la-e.d baeha ia from ‘..ant rolls 
per am-,. !‘hi . wa . I he lir.d oca-a. ion in which 
eom.aaiilal -anltx' and (’ref ini - in had been 
produced b> natural UMsins, as op[H)sed to 
op«Tali\e mean-, on tin* thxndd eland of 
the mol her. ihn’in*' I hi;; limi* also his 
iinportaiil ,.tud> id' an epid<anie oiitbrtaik 
(d' coil re m the pupils of I h<‘ Lawrema* 
.Mililarx Si-hool al Sanaw ar w as iindertaktai 
and th(‘ ,-.ub d it lit ion of a puia* for a [»idlut(‘d 
w;il(‘r auppl\ e. in it'd tin* di^appt'a rama' of 
the -.oil re, II will be r(*nn*mb(UMai tbal 
later with lln* <*o opt'ral ion of Newcomb, 
Norri.s and Nath, he re tin (*Mt ij'at ed this 
ontbn'ak from the (aunt of \ i(‘w of iodirn* 
content (d* the local water suppliixs and 
found thal the ohl pcdlnti'd water supply 
actually etudamed more iodiin* than tin* 
iH’w oin*. 

It wa.s dnrim*. thi.s pi’riod at Kasaaili 
tbal M(’t 'ai'i’ison eonimenc<*d tin* study of 
dii‘lary with which Ins nann* has b(‘{’onn* so 
widely a.ssoeiat ('d. Ih* be-an work on tin* 
(‘beets <d' vitamin d(‘bei(*n(*y in tin* animal 
ore.ani.sm. his (irst obs(*r\‘at ion (d import an(‘t' 
b«'in.*4 tin* marked low (‘rim*: (d r(‘.si.stanc<‘ lo 
inf(*(’lion broip'ht about b> vitaniin (h‘{lcicnt 
di(*t s. 

'Tben eann* tin* war in PH I. M(*( 'arrison 
w<*nl to h'/j.fvpt and w as (*niploy(*d as Ivh'ifist-i'jir 
in a hudp* Indian (i(*neral Hospital. Ilis 
experi(*nce ln*r(* was lat(‘r taken advantaf^s* 
ol by tin* (bn(*rnnn‘id (d' India. wln‘n In* 
S(*rv(*d on a Pommitict* appointc‘d t.o 
n* orirani/e Military Ilosfdtals. Whih* in 
IC^fvpl his ln‘allh brokt* dmvn aanl In* was 
S(*nt to hhiLdainl wln*r(‘ In* was plact'd in 
charip* ol tin* Malaria I n V(‘st i‘fat ion Hospital. 
U hil(* ln‘re In* wride his hook Thr 1 Itt/roid 
(Hand in flrolth and Pisrast' (1917).' In 
191 S In* r(‘tiinn*d to India and was post(‘d t,o 
I'oonoor whi'n* In* a^ain lM‘Li:an his work 
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on nutrition wliicli lias continued uninter- 
ruptedly for tlie last 17 years. This period 
of work has been conducted under the 
auspices of the Indian Eesearch Fund 
Association which has been quick to recognise 
opportunities for research in nutrition, 
generously providing funds year by year for 
his investigations. To review adequately the 
whole of the work turned out by McCarrison 
and his colleagues d.uring these 17 years would 
take too much space, and I confine myself 
to indicating what have been in mj opinion 
the main and outstanding features of this 
work. From 1918 to 1922 there appeared in 
the Journal of 3Iedical E-esearcli a series of 
XJapers on the Pathogenesis of Deficiency 
Oiseases, which threw a flood of new light 
on the subj(‘ct of deficiency diseases. 
Hitherto the study of these diseases had 
been mainly clinical. McCarrison instituted 
a new principle by undertaking complete 
post-mortem examinations of deficiently fed 
animals, examinations that included the 
histopathological study of all organs and 
tissues of the body. He definitely established 
the important facts that faulty and ill- 
balanced dietaries deficient in vitamins lower 
the resistance of the animal organism to 
attacks by microbic agents of disease and 
such faulty food leads to depreciation of 
cellular function generally throughout the 
body, specific deficiencies of course causing 
specific effects. 

These two fundamental generalisations 
have formed the basis of most of the later 
work in various countries on the patho- 
genesis of deficiency disease. McCarrison’s 
description of the effect of faulty food 
deficient in vitamins on the gastro -intestinal 
tract was an observation of first rate im- 
portance, and has been described by 
Garrison in his Eistory of Medicine as 
“one of the most significant contributions 
to the role of nutrition in preventive medi- 
cine”. Of high importance too was the 
demonstrations of the remarkable effects 
of food deficient in vitamin A and C on 
the adrenal glands. This work on the 
depreciation of cellular functions and its 
results in manifest disease is probably 
McCarrison’s main gift to nutritional science. 

His book “Studies in Deficiency Disease” 
collected his work and his ideas in concrete 
form. In this he showed that the “de- 
ficiency diseases” so called such as scurvy, 
xerophthalmia, beri beri and the like are 
but particular manifestations of diet defi- 
ciency, but that faulty foods and faulty 


nutrition resulting therefrom, liad a much 
wider apxdication. The long continued use 
of diets containing too little of the vitamin 
factors necessary for optimum health is 
far more important than a complete defi- 
ciency, and is mucli more widely prevalent 
in human dietaries. The implications of 
this truth are becoming more and more 
apparent, and correction of faulty dietaries 
would result in the reduction and disappear- 
ance of many ordinary diseases, gastro- 
intestina.!, urinary, pulmonary, and others, 
and especially in many widespread symptoms 
of disease, which ordinarily are not asso- 
ciated in the mind of th(‘ profession or the 
public with diet and nutrition. McCarri- 
son’s experimental work on the dietaries 
of India is well known, and though appre- 
ciated, is not acted on sufficiently. 

His healthy rat colony in Goonoor which 
he has maintained during the last 5 years 
in perfect health, with no disease except 
old age and no infantile mortality, has 
been very impressive, and has been ob- 
tained by minute attention to diet, cleanli- 
ness and comfort. As he says himself 
“diet and dirt, including insect vectors of 
disease, are the two great causes of illness, 
and they are partners in crime”. But in 
these later years his first love study, goitre, 
has' not been forgotten. On the experi- 
mental side he produced (and he was the 
first to do so) the “lymph-adenoid” type 
of goitre experimentally, which had been 
demonstrated by Williamson and Fearse in 
man. The Memoir of the Indum Jourmd 
of Medical Research “Tlie Life Line of 
the Thyroid Gland” in collaboration with 
Professor Madhava is a masterly piece of 
work, and will be constantly referred to 
not only for its informative matter, but 
as a model of presentation and analyses of 
experiment, observation, and comment. 
His crowning work on goitre was the pre- 
sentation at the request of the Swiss Goitre 
Commission of the Principal Report on the 
Aetiology of Goitre at the Second Interna- 
tional Congress held at Berne in 1933.* 
His little book on “Food” was a gift to 
the children of India and it has now been 
translated into Urdu, Punjabi, Hindi, Kana- 
rese, Tamil and Malay alam. 

It is pleasant to record that Sir Robert 
has not been without honour, both in his 
own country, by which I mean here 


* For asuimviary of tliis Report, see Curr. ScA., 
1933, 2, 133, 
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Iiuiui, 1111(1 out, Hide. In 1911 he was 
lUviirdiMl Ihc^ KiiiHer-i-Hind 1st class '‘for 
,s(‘rvi(‘eH in India’'. In 1916 he 
was awuirded the Prix Aniussat by the 
Academy of l\l(‘di(*.ine, Paris, with the title 
of !janr(‘at(‘ of ih(‘ Acadcmiy. In 1911 
h(‘ was iip|)oint(‘d aj lA‘llow of the Eoyal 
(\)ll(\a(' of Physidans of London. In 1918 
h(' was awardcMl t lu‘> H.M. A. Prize for 
Iv(ss(‘ar(di, and made an Itonorary LL.l). 
of lh(‘ C^iKum’s University, Pelfast. In 1918 
also }i(‘- vviis <>‘a'>^^dl(Ml Prevet Lieutenant- 
(•olon(‘I for distini»'uiHlH‘d H(‘rvice in the 
(idd. In 1927 lu‘ was madi‘ th(‘. Honorary 
Physi<'hin l.o Uu‘ Kiiiij;' and Prevent Oolonei. 
1''h(‘S(‘ last. W(‘r(‘ made in reco^niition of the 
work h(‘ wa.s t.hen doin^’, followinej the 
I)ubli(*aliions of tli(‘. Iteport of the Royal 
(hnnmission on A^ricnlture. These honours 
W(a’(‘ (it-tln^ly roinuhal off by the lioiionr 
of Knii»‘hUiood conferred on him by Ilis 
Ma.j(\st.y tb(i Kin^ in, 1988. Many other 
a.cad(‘mi('. distlnci.ions Uiiid compliments have 
b(‘(m paid t.o him. He was invited to give 
d(‘ Lanuir (Haltimore), the Mellon 
(IMttsburg), tlu‘ Maiiy-Scott Newbold (Phi- 
la,dt‘l[)hia.), tlu^ Mayo-Foundation (RfOeliester), 
a.nd otlu‘r hnd unss in the U. JS. A, of 1921. 
H(‘ was a.i)point.(‘d in 1922 one of the 20 
Hbnora.ry Mdlows of the College of Physi- 
cians of Philad(d[)hia. In 1981 he delivered 
by invitation sp(‘clal lectures at the Eoyal 
CoIliy:(‘. of Surgeons of London on "The 
(^^ausatlon of St.one in India” and "Some 
Surgical Aspiad.s of Faulty Nutrition.” 

Sir Itobmti Met 'arrison's work in India 
has IxHui brillia/Ut., inspiring and abiding. 
His iua.in a-mbitlon t.o (‘stablish an Institute 
of Niit.rition in India worthy of tlie country 
a.nd of th(‘ sul)j(uvt luis unfortunately not 
b(‘(‘n fuHilI(‘d, but. his Ihiit of Research on 
Nutrit.iou (‘stablisluxl at (Joonoor, which is 


one of the oldest in the world, will remain 
and, we hope, prosper. Those who have 
heard Sir Robert speak either formally or 
informally will not forget his distinguished 
presence, his fine voice, a.nd his polished 
diction. He is a born and natural orator. 
His exposition of his subject is ideally clear 
and interesting and he can use his gifts of 
speech in persuasion of what he thinks is 
right and in fearless denunciation of what 
he thinks is wrong. He was a gifted enthu- 
siast throughout his service and used his 
talents and energy unceasingly and nn- 
griidgingly in the cause of science and in 
the cause of India. He loved and loves 
India and its peoples, and his aim was 
and is that younger generation of Indian 
scientists should be given ample opportu- 
nities for training and service for the ad- 
vancement of science in India. His style 
ill writing is lucid, simxile, forcible, and 
telling, and is based to some extent at any 
rate on an intimate perusal and acquaintance 
with the Old and Xew Testaments which he 
thought models for everyone who wished 
to improve their speaking 'and writing in 
English. z\s a friend, he combines charm 
an(i sincerity and many of us have bene- 
fitted by his experience and advice. 

Sir Robert McCarrison leaves India with 
the regret and the best wishes of all his 
colleagues and thousands of others. We 
wish him joy in his retirement, but we 
know he will not be idle. He proposes to 
settle in Oxford where he will have, we 
hope, opportunities of passing on to the 
younger members of our jirofession what 
he himself learned and of showing them 
the xiaths along which there is still so much 
to be discovered. 

A. D. Stewart. 


Director of Nutrition Research in India. 


D r. W. R. AYKROYD has been offered 
tlui appointimmt of JJircctor of Nutri- 
tion Kies(‘.arch in India. 

Dr. Aykroyd lias held tlie appointments 
of nous(‘. Surgeon and .rjiysician, Adelaide 
llosj)ital, Dublin, 1925, and .Resident Medi- 
cal O Ulcer, Government General Hospital. 
St. Johns, Newfoundland, 1926-1927. 
WJiile in tlie latter appointment he under- 
took an investigation of beri beri and other 
food deficiency diseases. He was granted 
a Beit Memorial Research Fellowship 1928- 


1931, the Fellowship being given for com- 
bined field and laboratory work on nutrition. 
In 1931 he secured appointment as member 
of the Health Section, League of Nations, 
Geneva, which he still holds. In connection 
with a report he prepared in 1933 on •Nutri- 
tion in Relation to Public Health’ he visited 
a number of European countries, the IJ.S.A. 
and Canada making personal contact with 
public health workers interested in the 
problems of nutrition, and studying 
methods employed in each country. 
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Influence of “ Swelling ” on the Abnormal Unidirectional Diamagnetism of Graphite Crystals. 


Graphite crystal (which is hexagonal and 
has a perfect basal cleavage) exhibits re- 
markable magnetic and electrical properties. 
Its diamagTte ic susceptibility^ along the 
vertical axis is abnormally large, about 
— 22 xl0‘^“ pergm., while for directions in the 
basal plane it is practically the same as that 
of diamond, ^Tc,, --0-5x10“^ Electrically, 
the crystal is a gi)()d conductor for directions 
in the basal plane. These abnormal pro- 
perties may be traced to the peculiar struc- 
ture of the crystal. While the three equi- 
valent linkages of the carbon atom in the 
basal plane of the crystal are homopolar, the 
fourth weak linkage, which binds the widely 
separated successive layers of carbon atoms, 
is generally regarded as ‘'metallic”. If the 
large displacements of these "metallic” 
electrons under the influence of electric 
and magnetic fields are confined predomi- 
nantly to the basal plane, the electrical 
conductivity along the plane, and the ab- 
normal susceptibility for magnetic fields 
incident along the normal to the plane, 
receive a natural explanation. 

The "swelling” of graphite to "blue 


graphite” (as also its further oxidation to 
graphitic oxide) is generally regarded as 
corresponding to the adsorption of oxygen 
atoms between the carbon layers, the me- 
tallic linkages being broken thereby.- We 
should therefore expect both the conductivity 
and the abnormal diamagnetism to disappear 
on "swelling”. It is known that the oxi- 
dation of graphite destroys its conductivity. 
Its effect on the abnormal diamagnetism 
does not seem to have been studied. 

A small single crystal of graphite was 
treated with a mixture of concentrated 
nitric and sulphuric acids for about 12 
hours. The resulting "blue graphite” was 
Avashed in running water for over 12 hours 
and dried in a desiccator. The specimen 
had the same hexagonal shape as the ori- 
ginal graphite piece, and w^as also found 
to be roughly a single crystal, as tested by 
its X-ray diffraction. On measuring its 
principal diamagnetic susceptibilities it was 
found that 

(1) for directions in the basal plane, its 
specific susceptibility is practically the same 
as that of untreated graphite ; 
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(2) oil tlio other hand the magnetic 
a,nisotro})y, i.e., the difference Ay between 
the two principal susceptibilities, which is 
UiS high as 22x10"^ per gm. in untreated 
graphite, is now diminished to about 
per gm. of carbon; i.e., the 
a.bnormal diamagnetism of graphite along 
its h*/ axis is almost completely destroyed 
by the ''swelling”. 

It is significant that the above value for 
the magnetic anisotropy of oxidised graphite 
is of tlu^ same magnitude as in compounds 
conluining condensed benzene nuclei, e.g., 
pyrene, for which Ay— 1*2x10"'^ per gm. 
content of carbon. 

Further it is known that as the size of the 
graphite x)article is continually diminished 
(to that corresponding to "amorphous” 
carbon), the distance between the successive 
layers of carbon increases correspondingly. 
Tills has been taken by Randall and Rooksby^ 
to indicate a weakening of the metallic 
vah^ncy bonds of the carbons. In that 
case tiu‘ diminution in the diamagnetism 
of graphite^, powder witli the particle size, 
observc‘(l by Honda, Paramasivan and others, 
would be a natural consequence. In this 
c()nn(‘c.tion the following observation is of 
int(T(\st. Som(‘ preditninary measurements 
made by us on the principal susceptibilities 
of ('-rystallites of graphite show that, while 
tlu^-- susc(q)tibility along directions in the 
basal |)lan(‘. is practi(ially independent of 
[)arti(*.l(‘ size, and has a constant value near 
about - (FT) x 10“'’’, it is the susceptibility 
along tli(‘ kd axis, which is abnormal in large 
(crystals, whi(*h diminishes with decreasing 
pa.rtlcU‘ size. 

K. S. Kuishnan. 

]Sr. Ganguli. 

210, Rowbazar Street, 

C./al(*utta, 

Marrk 27, 1935. 

^ Guhii and Roy, Jnd. Jour, Phys,, 1934,8, 349. 

^ lEolTinaiui, Poll. ZcAls., 1932, 61, 297. See 
also l)c\s(‘h. Chemistry of Solids^ 1934, p. ISO. 

See Randall, Diffraction of X-rays, London, 
1931, p. 192. 


Convection Currents in an Unstable Layer of 
Fluid studied by Optical Methods. 

The convection currents set up in a thin 
horizontal layer of a liquid by an unstable 
distribution of density have been studied 
experimentally by many investigators. Fol- 
lowing B4nard, the usual method of making 
the movements visible is to mix with the 

4 


liquid fine particles of some shining substances 
such as aluminium or "'gold” paint. Simple 
optical methods enable the phenomena to 
be studied in much greater detail. 

A horizontal layer of liquid is obtained 
by floating it on clean mercury. The sur- 
face of a volatile liquid like ether or alcohol 
cools rapidly by evaporation resulting in an 
unstable distribution of density. With less 
volatile liquids, instability can be produced 
by placing the tray of mercury on a flat 
heater. If we reflect the divergent beam 
of light coming from a point source of light 
at the mercury surface at nearly normal 
incidence and receive the reflected beam 
on a screen, a pattern is formed on the 
screen showing the local deviations of optical 
thickness of the evaporating layer. Bright 
points and lines correspond to convergence 
of beam (cooler liquid or increased thickness) 
and dark points and lines to divergence. 
The liquid behaves as a composite lens 
backed by a plane reflector. 

Figs. 1 to 5 show the successive stages of 
the appearance of the pattern on the screen 
as a layer of ether floating on mercury 
gradually gets thinner. When the layer is 
more than 4 mm. thick, prominent dark 
canals and rapidly moving thin bright 
filaments make their appearance. The former 
are regions at which the liquid ascends. 
When the thickness is 2-3 mm., the bright 
filaments converge to a series of lines or 
points surrounded by the dark canals. As 
the film gets thinner, the movement becomes 
less brisk, the dark canals get narrower and 
the bright spots in the middle of the cells 
get more concentrated and become connected 
together by bright lines. After a certain 
stage, the dark lines become invisible, hut 



Fig- 1. 

Ether; thickness c. 7 mm. 

F 
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Fig. 5. 

Ether; thickness c. 0*2 mm. 

in tliis condition also, we have ascending 
movement in the middle of each bright- 
bordered cell and convergence and descending 
movement at the boundaries. A noteworthy 
feature of the vertical circulation in each 
individual cell is that the movement in the 
upper level is much more rapid than in the 
lower. This is easily verified by observation 
of floating specks of dust. As the film 
approaches the vanishing stage, the field is 
covered by a net-work of alternately bright 
and dark cells and just before vanishing, 
the film becomes continuous. 

If instead of ether, we use a less volatile 
(and also more viscous) liquid like carbon 
tetrachloride, the movements are generally 
more sluggish but the sequence of changes 
is essentially the same ; when the liquid layer 
is very thin, it divides itself into remarkably 
regular hexagons (Fig. 0). The regularity is 




Fig. 0, 

Carbon tetrachloride ; thickness c, 0 *2 mm. 


Fig. 2. 

Ether ^ thickness c. 3 mm. 


Fig. 3. 

Ether ; thickness c. 2 mm. 


Fig. 4. 

Ether ; thickness c, 1 mm, 
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dependent on a proper balance between 
density-gradient and viscosity. 

If the unstable liquid has a translatory 
movement, the cells arrange themselves along 
the line of movement accompanied by 
characteristic changes of shape. Figs. 7 
and 8 obtained with carbon tetrachloride 


Attempts are being made to apply these 
methods to study the vortices in gases. 

K. E. Eamanathan. 
V. ]sr. KilLkar. 

Poona, 

April 4, 1935. 



Fig. 7, 

CCI4. moving towards the right. 



Fig. 8. 

CCI4 moving towards the right. 


illustrate this. Their similarity to cloud 
forms has been studied by Mai, Walker, 
Phillips and others. 

The influence of temperature-gradient, 
viscosity and heat-conditions of the liquid 
in determining the instability and the pat- 
terns of cell-structure is being investigated 
in the light of theories developed by Lord 
Eayleigh and H. Jeffreys. The Schlieren 
method can also be used to show up the 
cellS;, but the shadow method is simpler, 


Induced Radio-Activity. 

As a result of the neutron bombardment 
induced radio-activity by the liberation of 
/3-particles has been examined in a large 
number of cases by Fermi and his collabo- 
rators.^ These results are interesting as in 
almost all cases the active products were 
ascertained by chemical methods of separa- 
tion and examination. According to Fermi’s 
reactions elements of odd atomic and mass 
numbers are, in general, transmuted to radio- 
active elements wdth expulsion of a-particles 
and those of even atomic and mass numbers 
transmuted to similar active elements with 
expulsion of protons. The reactions can 
be represented by the following typical 
examples. 

AI7J -f-nj—hian-l-a .. (1) 

Mgr^ +?^o”NaTi+p . . (2) 

Nan (active)->MgL^+/S, 

A second type of reactions by expulsion 
of protons in the cases of some of the elements 
of odd atomic and mass numbers is also 
given by Fermi thus : — 

active) 4~p 

Si?l->P^^+i8 .. (3) 

It may be interesting to point out here 
that this second type of reaction with 
liberation of protons is rather uncommon at 
least in the case of heavier odd numbered 
elements. Expulsion of protons from ele- 
ments of light nuclei will also be shown to 
take place very seldom. 

A third type of reaction in which neutrons 
are simply or directly captured within the 
nucleus of the bombarded atoms (without 
the expulsion of a proton or an a-particle) 
and thus forming a heavier and active 
isotope of the parent atom may also be 
possible. If the reaction of the third type 
be postulated for Na, it should be repre- 
sented thus — 

Nai?+nJ =Nait(active)->Mg7t+/3 • • (4) 

The active product Nait having a decay 
period of about 15 hrs. has however been 
obtained only as a secondary product due 
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to the expulsion of a proton from or by 
the expulsion of an a-partiele from Al. 
Fermi lias found that the activity in asso- 
ciation with Na bombarded wiUi neutron 
has only a period of 40 s(‘-cs.— which is (‘nr- 
tainly in disagreement with the forniation 
of Katt from IS'a as postulated in (4). 
Bjerge and West-cott- have reported a very 
weak activity from the period of whi(‘h 
is about 10^ hrs. This they^ attribute to 
the direct formation of I^Taif in ai'cordanci^ 
with the above reaction (4) — wliich may not 
be true in view of the discrepancy of the 
observed period of decay. T\) supplement 
the above contention, it may be (*.ite.d that 
the direct transformation of AXil into Ali;.. 
(decay period 3 mins.) by simpler neut-ron 
attachment is not observed, as none of the 
two radiations given out by bombard(‘d Al 
corresponds to this period. Similarly Fyn 
(decay period roughly 13 days) does not 
correspond to any of the radiations given 
out by P and thus the vic'w that at U^ast 
in the cases of Ka, Al and P‘‘ bombarding 
neutrons may be simply embedded into the 
nucleus of their parent atoms seems un- 
tenable. The activity of hTa ol)S<‘rved by 
Bjerge and West-cott might possibly be due 
to a reaction product obtaiiuMl by expulsion 
of a proton according to tlie second mode 
of reaction 

In the case of F, Bjerge and West-('.ott 
(Log. eit.) have observed a decay piu'iod of 
about 40 secs. This agrees with the d(‘.c.a.y 
period of Na as noticed by Fermi. The 
reaction product in this case app(‘ars t.o be 
certainly due to the direct attachnuuit of 
the neutron to F-nucleus as r(‘pr(^s(mt.(*(l in 
Ff,°. Na and F thus probably give risi^. 
to the same radio-active element according 
to the following reactions: — 

Frai? + ^^J-F;i"-ha .. .. (1) 

Fr+^i-Ff .. .. (1) 

According to Fermi, Mg also giv(‘S a decay 
period of 40 secs, which if it exists is v(‘.ry 
likely also due to F<f . This leads on(‘. to 
think that under neutron bombardment 
Mg may also decompose successively by 
emitting a diplon and then an a-particle 
thus — 

ISFaii --j-^2'0 ==F“g'^ -j- CL 

Direct attachment of neutrons to the 
nucleus of the bombarded atom as a primary 


process seems however more fre^quent in the 
c*,ase of lu‘uvy elements 

(unstable)-^ CatS+/3. 

Ilevesy, Pohl and Tlosemana'^ by a partial 
separation of the K-isotopes observed that 
tli(‘. natural radio-active product was asso- 
ciated with a heavier isotope of K whose 
mass according to tlie determination of 
Baxter was equal to 40. Fermi and others" 
observe that by bombarding K with neutrons 
a heavier active isotope of K liaving a decay 
]>eriod of 10 lirs. has only recently been 
obtained. ITiistable isotopes of ¥(52), Mn(56), 
Ou((>4), As(7(;), Br(80, 82), and Eb(86) are 
found to originate from their parent sub- 
stances by sncli simple neutron captures, 
rh’obably such simple attachments of neu- 
trons to the nuclei of the bombarded atoms 
in the cases of hc^avy elements is rather 
more (‘.oinmon and on many occasions the 
only form of ri^aetion possible. 

Regarding the inactivity of N under 
neutron bombardment as observed by Fermi, 
it may be rmnarkcHl that the sim])le or direct 
iKuitron eaptnre^. to the nucleus of N(14) 
without t-h(^ following expulsion of protons 
or a-partiel(vs IkS ratlnm impi’obable thouoh 
N(ir)) might; be. transfortned into N{1G)— 
tbis, iu)w<w<n*, ec‘rtainly does not form a 
stable group (wen for the least appreciable 
time. N(U)) has however betni obtained 
Troin F as a sta^ondary product having a 
p(‘rio(l of about 9 S(h:s. (compare the cases of 
Na, Al and P). A form of direct neutron 
captures to th(^. niudiuis of N(14) or of ()(!(>) 
giving im in4(u*m(‘dia,t(^ and very transient 
])roduet forming N(ir)) or 0(17) w'liich is then 
imnu‘(lia4.ely disrupted witli emission of 
a-ra.ys has Ixuai postulat(Ml by Feather'' 
and Harkins, (Jans and Newson'. R(14) of 
(‘.v(‘.n mass nnmlxu’ will not ])robab]y emit 
a-ra.ys a(‘.eording to Fenni ; rather an ex- 
pulsion of {)rot()n is to be expected. Kiirie 
()l)se.rv(‘.d t.ln^ photographic tracks in a 
Wilson’s cloud cluunber in a mixture of 
N and () which revealed expelled particles 
of smalhu’ (diarg(‘. tliari that of an a-particle 
— the (‘.xpdh^l particl(‘.s according to him 
might b(^ a. proi.on, a Diplon, or a Hi. 
Kurie sugg(\sts (‘x pulsion of protons as the 
most ])robable. d'he product of such a re- 
action should be radio-active liberating 
rays wdiicli is also negatived by Fermi’s 
observation. 

C and O are reported by Fermi to be non- 
active under neutron bombardment; prob- 
ably therefore no protons are expelled 
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I'l-OIH I MosI Hk(‘ly (.h<‘n l,h(‘ro. is truth 

in (li<‘ oIIku’ su.u;u-(‘si4<)n of Kuri(‘ that IMplons 
!>,' (n.s inis Ixuni suf)j)()S(Ml to Ix^ (‘X jx^llod froiu 
ar(‘ also ^’ivcui out froni Mu* imcU^i ot 
lli(xs(‘ iiij^iit (‘haiunit s (N a.iul ()) — Mu^ reaction 
ju'oducts in a.il tli(‘S(‘ caiscxs will howovor bo 
stablo a.iul tlnnx^roia^ will not raidiatu. 

IdxiilHU’'* is of opinion Unit, dinaiiij;* disinto- 
^'i-ation of N with lunitron (•a.i)t.nr(^ a, Diploii 
is in ra.ct. (‘xp(dl(‘d a,ia‘.or(Iin;L»’ to t-lu^. n^act-ion 

N'd nt' nv. 

(\ I'USWAS. 

lMiysi(*s I >(‘pa.rt nnnit., 

I>a.c(’a. bniv(‘r.sity. 

Id‘bi*ua ry 15, I it 5 5. 

* Ai^oslino, H.:»S(‘tti a.iul 

Priir. Ivoif, S()(\ (A), in,‘M, 146, ISU. 

" 1 ti an 1 W'nst- (‘ot.t., .Vitlurc., Aiijj;'. 25, ’95 1, 

- N(‘Wiun.nn a.nd \\’a.lk(‘, O.d. (>, 1951.551. 

^ nnv<‘sy, IX)hl a.nd llosnniaun, Sapt. 8, 

I9:M, 577.* 

•' Aniahli, AL?os(.iiio, l{,a,s(‘14 i a,ud S<‘gre, 

/.t’rc/Nf St'ivnlijinf , I)<‘n. 2, 19‘M. 

/Vof. /5>//. S(r'. (A), 19:52, 136. 709; 
11X55, 142, USD. 

Ila.fkins, (tuiaand N(‘wsi)n, /V/y.s*. 1955, 

44, 915. 

^ lC\n*i<‘, /*/{;/«. /d’l'., 1951,45, 901. 


A note on the method of determining the heat 
of dissociation from a study of the 
long wavelength limit of the Continuous 
Absorption by gas molecules. 

Mv at t (Mil ion ha.s bixui druiwn t^) a. batten* by 
S. I bit ta- and lb ( 'haikrobairty di t.lu'. Currmt 
of t }i<‘ Ib‘brua,ry issinn Ibd’oix^. d(‘ab 
ing with tlH‘ir (U’it ioisins, I would lik(‘ to 
point, out. that tho potiuitbil laiorgy (*.nrv(‘S 
dravvn in hig. 1 of t lnur not.o a,r(‘ not corn^ct 
for lh(‘ ionic ca.s<n The potiaitia-l (uiergy 
cnrv<‘S for t lu^ normal and tbc (irst cxcitiui 
statixs (>r t.hc ionic mohunih^. shouhl intcrs<‘(*-t 
and not. join (xich otinu* t.o inaki^. ii (common 
(UHU’gy liA-cl of <lissocia,t.ion, ddiis iis appa.rent 
and inis Ixxm st.n'ssixl Ujion by Franck^ 
hiins(‘ir on many ocxaisions. 

Dat t.a. and ( 'Iiaikrohjirty lniv(‘. assumed that 
uudm* t.lu‘ (‘oiuiitions of (‘xp(9*im(uit at ordi- 
iniry room t,(un|x‘ra.tair(‘. tluux^ -would be an 
inc.r<‘as(‘ of tln^ vibrational energy of tlie 
mol(‘(*uI(\s wil.h increase of pressure and as 
such t-he long wavidcmgtli limit would shift 
towaa’ds longiu* wavidength. 'Tlu^y have ob- 
taiiuMl (‘xp<9‘im(uital rcxsult.sin aAxtordance witli 
this hypot.h(‘sis. i-iut this liypothcsis, which 


is the mainstay of their note, falls to the 
ground for the following two reasons : — 

(1) In the (iase of HOI as a particular 
example, tliis apparent shift of Avavelength 
limit takes place as one goes on increasing the 
])r(‘ssur(‘ of the gas upto 1 atmosphere, 
k(‘epiug the temperature and the length of 
the gas column constant. But the specific 
lieat of HOI at constant volume is 5-00 at 
20°(k and one atmospheric pressure.- This 
t(dls tliat under tliesc conditions all the energy 
is 1.0 translatory and rotatory degrees of 
frcHxlom. A uxil shift of the long wave- 
Icuigtli limit is not, theudore, expected when 
we iiKU'case 1h(‘ pressure from low values upto 
on(‘. a.tmosi)h(‘ric pressure. 

(2) Th(‘ increase of oscillation energy with 
iiuux'ase of pressure is against the principles 
of l.liermodynamics, so long as the tempera- 
t.ure remains constant. For, it can be easily 
shown that 

is — ve. 

in a. gaseous system tliat obeys Van der Waal’s 
law. fidie proof is as follows: — 



we liave 


f-") = 

Ul>Jr 


from tli(‘. g(uieral 
dynamics, but 


bv 
hr 

principle 


.-KSX 

of thermo - 




, wliich is a positive 


quantity, say a. 


Henee, 




/ bv 
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is a negative quantity, and ra-'-p 


is always positive for a system obeying Van 
d(u* WaaFs law. For, 

^bp\ tE 


[ 


ra — p 


br Jv 


V 


v-b 


- p 


which is a positive quantity. Hence 

is negative. This means that for gases obey- 
ing Van der Waal’s law, the total internal 
energy would climinisli with increase of pres- 
sure tlie temperature remaining constant. 
As the oscillation energy steps are of a much 
higlier order than the rotational energy values 
or the intermolecular potential energies, 
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there can be no increase of the oscillation 
energy value due to the increase of pressure. 

The shift of the long wavelengtli limit 
with increase of pressure is thus only apparent 
as I have ])ointed out in my papers/^ and 
this follows from considerations of the transi- 
tion probabilities at different points in the 
upper curve, as shown by Trivedi^ from 
wavemechanical considerations. 

Moreover, the semiempirical criteria to 
define atomic and ionic molecules have since 
been modified along different lines."* 

A. K. Dittta. 

Bose Institute, 

Calcutta, 

October 3, 1935. 

1 Franck and Kuhn, Bull, U. P. Acad., 1933, 2, 
223. 

2 Saha and Sifvastava, Text-book oj Beat, p. 88. 

3 Dutta, P. i?. S., 1932, 84, 138; Z.f.P., 1932, 
77, 405. 

4 Trivedi, U,P, Acad. Sci,, 1934, 4, 59. 

2 Franck, loc. cit , : Dutta and Deb, Z.f.P., 1934, 
93, 127. 


Apparently there has been some misunder- 
standing. What we conceived was the pos- 
sibility of an increase in the number of mole- 
cules in the higher levels due to an increase 
in the ‘‘population” of the molecules in 
the lower level with a rise in the iiressure 
and not an increase in the number due to 
any change in the vibrational energy with 
pressure. 

The specific heat data, vk., Cv = 5 for 
HCl does not shut out the possibility of the 
existence of vibrating molecules. For, even 
if the rotational states are developed upto ten 
quantum numbers {j ~ 10) — as evinced from 
infra-red data — the contribution to specific 
heat data by the rotational motion would be 
1 *808. This contribution due to translational 
motion would come up to 4-786 and the 
figure never reaches the value 5 even if the 
rotational states are assumed to be developed 
in full i.e., j oo. Thus there is some 
contribution due to oscillation and this is 
further confirmed by the fact that HCl gas 
at ordinary temperature shows vibration- 
rotation spectra in the near infra-red 

= >1, n = 0~^2) and the zero state of 

vibration according to wavemechanics has 
an energy =Pu. Once admitting that there 
are vibrating molecules, their distribution 
to different states according to Boltzmann’s 
law would follow automatically. 

The trouble that has been taken to show 


that negative— a result which is 

given in all Text-Books of Thermodynamics-— 
is useless ; for this merely tells of the diminu- 
tion in the total internal energy of the moie- 

cules and is equal to —A , caused by the fact 

that the molecular attraction increases with 
an increase in pressure. From this nothing 
can be inferred definitely regarding the 
effect of pressure on the oscillation energy. 
Had this diminution in internal energy meant 
the diminution of oscillation energy^ bands 
arising out of higher vibrational transitions 
would have been suppressed with an increase 
of pressure. As is well known to the Spectro- 
scopists, this mwer happens; on the contrary, 
wmrkiiig at constant temperature higher 
pressure is necessary to get the bands corres- 
XJonding to higher vibrational transitions, 
wdiich again confirms the' view^ -wo have 
expressed in our note, that with an increase 
in ijressure higher vibrational states may be 
develoxoed mainly due to an increase in the 
“population”. 

The main point in our note, however, was 
not this theoretical issue but the Ci^per mental 
fact that the curves showing the relation between 
percentage of absorption and 'wavelength in 
the cases of HCl, HBr and N.O tend to zm 
values of the percentages of ahsorptio'n at values 
of tvavelengths which are different for different 
pressures and not for the same value of the 
waveleyigth as observed by Dr. Dutta. 

We agree with Dr. Dutta that these semi- 
empirical criteria to distinguish the Atomic 
from the Ionic molecules are not very satis- 
factory. With regard to the potential curves 
Dr. Dutta is right; it should be stretched 
slightly ux)ward so as to intersect at least 
one of the upx^er curves. 

P. Dutta. 

Presidency College, 

Calcutta. 


Note on the Statistical Theory of Regular 
Solutions. 

In a recent note’^ a statistical theory of 
solutions was proposed, but in a subsequent 
paper- it was observed that this theory 
as well as that due to Guggenheim" suffers 
from the defect that gas laws have been 
tacitly assumed. Recently GuggenheinP has 
extended his theory to the case of regular 
solutions as defined by Hildebrand" and 
others. We propose to develop the theory 
in a straightforward and simple manner. 
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As (mL \v<‘ a>.ssiini(‘ tho follow- 

Inu’ r<‘!aii<ni 

i> 

<hi ^ A T 

wlita’c* 0 is 1 i1m‘ h'cc (‘iHa’in’Vr ihc {xirtiition 
riin(*1i(Mi, Mh‘ rorin orwliu'h is iiol- known. At 
th(‘ (‘hniunitiiry |)lnis(‘ voluiiK'. (k)nsuUM* ;i 
mixlain' of 7/.^, nnd iin inoUaailos of subsUincos 
A iind r> ronnin.u' ii r(\i>‘uhu‘ solution in whic'h 
,v inohxMilos of (‘iK'h :in^ j)r(\s(*nt. its 5\-l> pairs. 
W<‘ lluni haiV(‘ 

//r In {n^ ,r) In j V r 

i//,/ //r I fv X In j k" A T 

wh(‘r(‘ a,nd (‘n(‘r<i*i<‘S oT A 

nu)l(x*,ul(‘ pr(‘s<‘nt. a.s A- A paiir a.fid a.s a, 
('■onipoinad. of A-I> i>a:ir r(‘sptx't.iv(‘]y. 
tln‘ <‘lia.i\.n''^ oT t‘r(H‘ (‘n<‘ri»'y 

A <Aa - >/'-v - 'Aa' /a III- 

Sin\ilai‘ly we Iia.V(‘ 

A 'A,. - In 

Now lilu^ i.ot.al (’.haini’’(‘ of h'cn cwurviy 
(‘((ua.l i-o 1.]i(‘ in(*r<ais(‘ of poliait.iail (nun\i»:y of 
sysf(nn 

2 (2 v/\h ^ -A/r 

as d<‘lin(al by (luj^’jA'cadu'ini. r is the nnndxn* 
of inoI(‘(ail(‘S surrounding' (au‘h pUrir. IleiK'O 


A 'A k’\'(^ ln /.«. ^”’9 2A/r 

, ■ , , («'A ■>■) --.-'O ,-A//-'f’T 

iroin wliicli \\c luiV(‘ — :: -—c 


wliich on trrainsronnalaon laaluces to 
(in^*i;’<ndi<^inrs la^hil ion. jribU'brand’s ndadion 
follows a.s a. sp(n‘ia.l <ai.s<‘ for A = 0, v.r., when 

\\\c tnta.l (*ha,n^'(‘ of rr(H‘ (uun’^'y is zero. 


A. (lANOiULl. 

(1i(Mni(ai.l La/bora-tory, 

('oll(‘<:.'(‘ I)npl(‘ix, 

(hia-nd(‘riniAii’or<‘, 

March UH, 19 ^ 5 . 

* (U'uij^’idi, Cnrr. Set., HJ.'ka, 2, 212. 

- (hui-uli, KoU,Z.. in:u.,67, :h).|. 

(Pi^’^-oola^im, ihw. AVpy. ;SVxa, 11)22, Al 35, ISl. 
( « upj>.^i‘nlH'iin, Ibid., I 025, 148, SOI. 
f"» n ihl<‘bra, nd <ui(l Wood, J . Ckem.. Pln/h\, 1033, 
1, 81H. 

Cbin^ijuli, h)c. c'd,, ref. 2. 


Special Radio Test Transmissions 
on 12th and 13th March 1935. 

IlNDnii the auspices of the Union Radio 
Seieiitiliqne Internationale (UR8I) and in 
eoni iniiation of the practice of the last two 
years, a fiequency of 1 kliz of higli precision 
and stability obtained from the 1 khz stand- 
ard tuning fork at the National Physical 
Laboratory in England was radiated in 
accordu.n(',e with a previously notified 
scluulule, as a modulation of the carrier fre- 
(liKUKdes of the broadcast transmitters, 
J)roitwi(di (200 khz, 150 k'w), Scottish Re- 
gional (SOI khz, 50 kw) and Scottish 
Nhitional (1050 khz, 50 kw) of the British 
'Broadea, sting Corporation, England, These 
emissions took the form of a preliminary 
emission programme for adjustment purpos- 
es on I’Jtli Marcli between 05-15 and 0615 1ST; 
the main schedule of emissions of 13th March 
lasted from OOOO to 0815 1ST. These emis- 
sions have the two- fold object (a) of inter- 
e.omparison of national standards of fre- 
(|uencies or of calibration of local apparatus 
wluu'e primary standards do not exist ; and 
(/>) of making observations of a physical 
nature sucli a.s fading, etc., characteristic of 
the transmission path. 

iieeently, a multivibrator type of wave- 
meter etpiipinent of up-to-date design and 
driven by a 1 khz elinvar tuning fork, main- 
tained at a temperature varying little from 
5(P0 and at a pressure of 75 mm. has been in- 
stalled in the laboratories of the Department 
of Electrical Technology of the Indian Insti- 
tute of Science, Bangalore, to serve as the 
reference standard for India. The fre- 
(pieney of this fork had been accurately 
measvired at the National Physical Labo- 
ratory prior to shipment of the apparatus to 
India. But the measurement on 13th March 
of the frequency difference between the two 
1 kliz signals— either by the phonic wheel or 
by the beat note method — was found to be 
out of question on account of (a) the rapidly 
diminishing signal intensities at Bangalore 
of the incoming 801 and 1050 khz signals 
from early morning hours onwards, (b) fading 
and (c) atmospheric disturbances in relation 
to the signal strength. Comparatively speak- 
ing, the disturbances were far more severe 
on 200 khz, the frequency of Droitwich, and 
it was not without difficulty that the 1 khz 
modulating note could be heard. This 
station could not therefore be used. 

Eor visual observations (Fig. 1), the out- 
put from each receiver was impressed across 


Triode maintained 
1 khz elini^ar tuning 
fork proi'ided with 
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ilK‘ v<‘ri plal.tss of il.s ciitliodo ray oscillo- 
o-ni.ph, wliih' horizontal plates were 

c.oniuM'diMl in ('omnion t-o tin' output of the 
lo(*,al 1 khz fork appara.tus: tlu'. rcssiiltiiig 
iina.U’e on tin' scaa'C'ii wnis (piudvly ta'aiced by 
ha.n(I on [){('(*(' of <d<'a,r traeiiii!; ]>aper, 
Ob, starvations wi'rt^ Ininiptu'ed (*.onside,ra.bly 
by a. ratlu'r nin^x'ptud/tul sourta'. of trouble 
in (.h(‘ form of a, ('.ontinuous tuirrent motor 
us(mI for puinjiinij; waiter, ddie aniiouuee- 
inenl.s <*oul(l not- Ix' ma-dt'. out- at a.Il. 

'Tin' t(‘st ost'ilhitor niodulated ait I khz 
from a- loca.l (oiu'. ^(‘nera,tor wa-s used in 
^a.inini*' t'X'pt'.ritun't' in a.d jusl-nnuiti. 

ddit' pa.tti(n*n on t.lu' sert't'ii wa,s, in i:^en(U‘a.L 
a sonn'whait. distortt'd (dlipst^ on, both SOI 
and lOoO khz ; lu'itlu'r its sha,pe nor its size 
wais eonst.a.nl. for more thaiii a. ftnv see.onds 
at (dtlie.r frtMpunn'.y 2 aiinl S). The 

vairia.tions wt'rt' mort'. pronouinuai and raipid 
a-t tin' hi^iu'r fnMpnun'y tlnui at tlie lower, 
pairti(*nhirly on 12th morning. In vit'W of 
th(‘. lot'ation of tin* two transmitters at the 
sailin' si(.(^ in S(‘ot.la.nd and tin*. ai(*(aira(*y and 
hii^h st. a-bil it-y of t in*. fi*(*(pien<*i(‘S of t/he In- 
stitn(,(^ and tin* NPL forks, tin*, above would 
indi(*ail(‘ Unit t in' va-i*ia.Iiions in tiln*. liiLJfurtvs 
obsi'rvt'd on t ln^ os(*iilo<*'ra/ph s(*.r(*.en w(M*e due 
to t in* ionosplnu'ic. t-raiiismission path in I’e- 
.spi'ct of init'nsity aanl of plnisit tha.t is, path 
dilT(‘r('in‘(‘. ddn^ loea.l 1 khz volta.<jje aeross 
tln^ horizontal plat('.s of tin* os(dlIoffra.ph. with 
tin* 1050 khz r(a'-(*iv(n‘ ont[)ut a.(*.ross its 
v('r1 i<*al f)la.t.(‘S wans n^phun'd by the output 
from tin* SOI khz r('<*eiver; but the siji:nals 
\v('r(‘ so (’('(‘bh^ tilnit no <d(‘ar dia^i’am was 
oblia.iin'tl on tln^ ser(‘(*.n. IMn*. modulatinji: 
fi-(‘((U(un'y for tin*, subsidia-ry {'missions (‘.arli- 
(‘r in tin* inoraiini^’ on Idt.h Mar(‘.h <1 ilT('.r(*,d 
from I lull- of ( In' nniin (unissions by only a 
f(‘vv points in a- million or h'.ss. 

In s[)il.(‘ of t.ln^ distaiina^ of 1 hinj^ailorc*- from 
tln^ I ra-nsmitl-(U’S a.nd of tin*. s('.v{'.rit.y of 
('U'ct-ricail d is(.urbaiin*(‘S, mon*. saitisfai(d,ory 
obs(‘rvations and evi'ii m('asun*ni(‘ut;s would 
probably ha-vi^ Ixn'U possibU*. if the pro- 
■Lcra-mnni of t-ra-nsmission had sta.rt('al about 
aiii hour (*airli('.r. Alta'.rnatl vt'ly, modulation 
of sonn^ of the* short waiVc*!' t.ransmitters 
mil'll t lniv(^ <*nabl(‘d us(‘bil observations 
notw'il list a-ndini^ s<'V(‘.r(^ faidini? at these 
hoiii's. 

At. the southern end of Bangalore, about 
I miles from the Institute Mr. N. Srinivasa 
Itow Iist('ned in on 1050 khz using the 
('X{‘('lhmt super heterodyne receiver owned 
by Sir M,. 'N. Krishna Eow. Atmospheric 
disturbances and fading were present but 


little of any man made ’’ disturbances. 
The announcements could be made out but 
somewhat incompletely. The 1 khz emis- 
sion was Iieard; but as the morning proceed- 
ed, the signal got weaker; after about 
0750 1ST, nothing came out of the receiver 
except disturbances. 

(Irateful thanks are due to Dr. E. II. 
R.a,yner of tlic National Physical Laboratory, 
Teddiugton and present Chairman, Commis- 
sion I, Standards, of the URSI for kindly 
forwarding all relevant information and 
literature relating to the transmissions and 
to a.pparatus arrangements ; to Mr. Evans 
of tiie Gramophone Company and to Mr. 
K. vS. Ramarnurthy for kindly lending the 
necessary broadcast receivers for the tests ; 
and to Mr. N. Srinivasa Row for his accurate 
report of wliat lie lieard. 

The apparatus arrangements and the 
observations were all made by Messrs. B. V. 
Raliga, T. D. Cliatterji, T. Krishnaswamy 
Rao, S. N. Mukorji, K. Eagliunatlia Rao 
a.nd T. V. Rama Miirtliy of the Electrical 
Oommuni(*.ation Engineering Section of the 
Defiau’tment of .Eh'c'trical Technology of the 
riHlia-n Institute*, of St'lence, Bangalore. 
lndia.n Insiltuto of Science, 

Ba-ngalore'., 

March i5, 1055. 


Densities of Aqueous Solutions of 
Formaldehyde between 20*^ and 40"". 
AiiMK.BAcur AND 1 > arsciiall’ liavc determined 
t.li(' (l<*nsit.i('s of f()rmald(*byd(* solutions in 
wat('r at 18". As these solutions of different 
('-oiKH'id.ratious a-rc' now extensiv'cly used in 
ph()ti()gra])by in India, tlu'ir densities bax^'e 
now ix'c'ii deternuned at temperatures be- 
t.ween 20-10*^. Thus, with, tlie aid of an 
ac'.c.uraite liydronu'tA'r, the data given in 
'Tabh* 1 can b(' readily employc'.d for deter- 
mining tin*. c-oiKMuitration of a given solution 
of rormaldc'byde at tli(‘ usual laboratory 
tern I K'raturi'S in India. 

Kor t.lu‘S(*. d('t(*rminations ])ure formal- 
d('hyd(* gas was obtained by passing a current 
of piiix'. nitrogc'n over trioxymethylene con- 
taliK'd in a ri'tort lieated to 180°. The gas 
was absorb('d in distilled water kept in an 
ice bath and the most concentrated solution 
containing 42 per cent, of formaldehyde by 
volume was obtained. The a..mount of formal- 
dehyde in the solution was estimated by 
the usual iodine method. 

Densities were determined by a specific 
gravity bottle (Regnault type) which was 
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kept for fifteen minutes in a thermostat 
maintained at any desired temperature to 
within ™0-02°. The balance weighed cor- 
rectly to 0-1 mgm. and the method of 
double weighing was employed, correction 
being applied for bouyancy. A set of 
standard weights with IST. P. L. certificate 
was used. 

The results obtained are shown in Table I. 

Table 1. 


Densities of aqueous solutions of fonnalrlehyde 
in icinis of tlie density of water ai 4*^ C. 


Gi ams of 
formal - 
deliyde 
in 100 
c.c. sol. 

D 20 

P 25 

Loo 

D 35 

D40 

2-76 

1-0065 

1-0054 

1-0037 

1-0020 

1-0001 

6-3 

1*0167 

1-0152 

1-01.36 

1-0115 

1*0097 

11*55 

1*0320 

1 -0303 

1-0284 

1-0263 

1-0242 

14*43 

1-0403 

1-0385 

1-0365 

1-0344 

1-0321 

19*3 

1-0552 

1*0531 

1-0510 

1*0486 

1-0462 

25*26 

1-0703 

1*0681 

1-0658 

1*0633 

1-0606 

30*9 

1-0859 

1*0835 

1*0808 

1*0782 

1-0754 

37*35 

1-1013 

1-0987 

1*0961 

1 *0933 

1-0904 

41*43 

1-1126 

1-1099 

1*1071 

1*1042 

1-1019 


Gujerat College, ^S. N. Datar. 

Ahmedabad, 

February 26th, 1935. 

1 Arbeafcen aas dem Tvaiserliclien Oerandlieib 
s&mte.—Z'fveiundzwanzigster Band, 1905. 

Culture of Micro-Organisms on Cellophane 
Membrane. 

In the course of our studies on the mecha- 
nism of nitrogen fixation, it was found 
necessary to obtain considerable quantities 
of bacterial (azotobacter) growth free from 
the solid constituents of the culture media. 
By covering the solid medium with cello- 
phane membrane, it was thought that the 
crystalloidal constituents comprising the 
greater portion of the nutriment, would 
permeate through the membrane and be 
made continually available to the growth 
of the bacterium while the solid medium 
underneath would, as usual, serve as the 
reservoir gf nutrients and w’ater, 


The experimental technique consisted in 
covering the surface of the solid medium 
(after setting in a petri-dish) with a sterile 
strix3 of moistened Cellophane, so that the 
membrane was in intimate contact with 
the surface of the medium. (Cellophane 
supplied by the British Cellophane Company 
is used and it could be sterilised by heating 
it in an autoclave at 15 lbs. pressure for 15 
minutes). The dish was inoculated in the 
usual manner. The organisms grew quite well 
on the media and the growth was found 
practically as satisfactory as the growth 
on plain, uncovered media. When sufficient 
growth had occurred, the membrane was 
lifted out of the dish and the bacterial 
growth easily recovered from the membrane. 

The technique has now been successfully 
extended to other aerobic organisms. At- 
tempts are also being made to apply the 
method to strict anaerobes and to* such 
parasites as normally grow only in associa- 
tion wdth their hosts. 

T. R. Bhaskaran. 

M. Sbeenivasaya. 

V. SlJBRAHiUANYAN. 
Department of Biochemistry, 

Indian Institute of Science, 

Bangalore. 

March 9th, 1935. 


Synthesis of Pinononic Acid. 

PiNONONic acid was obtained for the first 
time by Wagner and Ertschikow^ski' by 
the oxidation of a-pinene which contained 
some verbenone or verbenol, and later on 
Kerschbaiim" an<l Blumann and Zeitsehel* 
got the same by oxidising verbenone. Fromm 
and Antin'^ obtained the same acid by tlie 
oxidation of olibanol the constitution of whieli 
is not yet definitely known. Tlie establish- 
ment of the constitution of verbenone, 
depends entirely on the synthesis of pinononic 
acid. This has now been achieved in the 
course of our attempts to synthesise pincne 
and verbenone starting from norpinic acid. 

trans-^ oxi^imc acid imepared according to 
the method of Kerr'^ with slight modifications, 
was converted into the ci9-anliydride in an 
yield of 80-85 x>cr cent, of theory by heating 
it with acetic anhydride in a sealed tube at 
190-200”. This on being treated with an 
eqiiimolecnlar quantity of sodium methoxide 
in methyl alcohol gave the sodium 
derivative of cw-norpinic acid monomethyl 
ester (T) in almost quantitative yield. 
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The acid chloride (11) prepared from the 
mono-acid (I) witli thionyl chloride, gave on 
treatment with one molecule of zinc-methyl- 
iodide, j)inononic acid methyl ester (III) 
h.p. 130-135°'14 mm. obtained previoUvSl;<s;' 
by Wagner and Ertschikowski'’ by esterifying 
the acid obtained from pinene by oxidation. 
This ester has been hydrolysed by alcoholic 
potash to pinononic acid (IV) m.p. 129° : 
semicarbazone, m.p. 209°. 

Work on the conversion of methyl pinono- 
nate (III) into ‘'ketonopinone” (V) by the 
elimination of a molecule of methyl alcohol 
is in progress which it is expected on reduc- 
tion will yield nopinone (VI) and nopinane 
(VII). 

P. C. Guha. 

K. Ganapatiii, 

Department of Organic Chemistry, 

Indian Institute of Science, 

Banfiralore, 

1935. 

1 189(5, 29, 881. 

••2 Htr., 190.), 33, 890. 

HeA\, 1913, 46, 1191. 

^ Ann,, 1913,401, 25(5. 

s J. Am, Chem. 8’oc., 1929, 51, OIL 
Loc. c it. 


Aerial Roots in Sorghum. 

The giain sorghum plant is usually single 
headed. When the head develops and gets 
weighty the plant supports itself on roots 
formed from the nodes immediately above 
tlie ground. Nodes up to four may usually 
function in such effective root production, 
though occasionally (according to vigour 
and closeness of the internodes) the number 
ndght go up to even ten. With the setting 
of the grains and the drying up or falling off 
of the lower leaves, serial roots appear. In 
some cases such roots pierce through the 
persistent leaf sheaths. Their emergence is 


marked by knobs on the sheath surface. 
To determine the effect of the leaf sheath in 
such root formation 50 plants in the local 
P(uha Manjal variety of sorghum Avere de- 
sheathed when 50 days old, with 50 other 
plants for a control. Observations on the 
emergence and distribution of aerial roots 
were made at intervals. Five days after 
de-sheathing 39 plants so de-sheathe(i started 
to develop roots, Avhereas only 4 in the 
sheaths-intact group showed such activity. 
After a month, in the 50 plants of the 
slu'aths-intact group, 4 plants developed no 
aerial roots, 30 developed them in the first 
node above the ground, 14 in the first two 
nodes, 1 in three nodes and 1 in four nodes. 
In tlie de-sheathed group all developed roots, 
11 of tJu'mi in two nodes, 32 in three nodes 
and 7 in four nodes [vide Fig. 1). The 



Fi^. 1. 
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top nodes got stimulated consequent on 
de-sheathing, a condition brought about 
in nature through a natural slackening of 
the grip of the leaf sheath on the node and 
the need of the top-heavy plant for ancillary 
support. 

Though the grain sorghums do not tiller 
like other cereals, still in certain years of 
abnormal rainfall and untimely opulence, 
there is a tendency for some of the dormant 
buds in the axils to give out side shoots 
that develop small ear-heads. The angle 
that these ear-heads make with the main 
stem coupled with the slackening of the 
hold of the leaf sheath, often results in the 
basal interriodes of the side shoots being 



Fig. 2. 

Clasping roots of side shoot. 

stimulated into root production. These 
roots develop rapidly and clasp the stem 
and thus afford security to the side shoots 
{vide Fig. 2). This close clasp is made 
efficient by the marked flattening of such 
clasping roots. 

G. N. EANGASWAivn Ayyaj^gar. 
y. Pandxjuanga Kao. 

Millets Breeding Station, 

Coimbatore, 

Ilareh 14, 1935. 


Occurrence of Psilottcm, Sw. in the Punjab. 
The genus Fsilotunij Sw. is a very widely 
distributed one but is confined mostly to the 
tropical parts of the Avorld.^ There are only 
two of its species recorded. One is Fsilottim 
complanatum Sw. and the other is P.siloimi 
iriquetnim Sw. The former species has not 
so far been observed in India. The latter 
is generally considered to occur mostly in 
Assam and Bengal. The two fairly old 
accounts of Brain- and Dalgado" and a 
private information from Koyal Botanic 
Gardens, Calcutta, however, prove tliat the 
occurrence of the idant in tliis country is 
not so restricted. Specimens have also 
been collected from places in Southern 
India, Central Provinces, Bombay, (Jnited 
Provinces, etc. It wmuld be of some further 
interest to i^oint out that the distribution 
of this plant even extends to the Punjab — 
a region fairly removed from the tropics. 
According to the autliorities of the Herba- 
rium, Forest Kesearch Institute, I)ehra Bnn, 
specimens of P. triquetrum have been col- 
lected and brought there from Upper 
Bashahr (a valley in Western Himalayas) 
besides from places in areas already men- 
tioned. In the summer of 1933, the writer, 
who accompanied the late Kai Bahadur 
Hr, S. E. Kashyap on a botanical excursion 
to Himalayas, came across a few plants of 
P. triquetrum at Sultanpur, a place in Iviilu 
which is another valley near Bashahr. The 
plants grew on the ground among tlie thick 
and moist undergrowTh of Alrms forest 
along the bank of the river Beas. Some more 
plants of the species were found by Mr. S. A. 
Chandhuri, another member of the party, 
from about two miles away from the pre- 
vious 2 )lace, growing in a similar situation. 
Ho more specimens were met with by the 
party at any other place in the valley. 

The writer’s thanks are due to Mr. K. P. 
Biswas of Eo^^al Botanic Gardens, Calcutta, 
and Dr. K. Bagchee of Forest Eesearch 
Institute, Dehra Dun, for the information 
supjdied in the present connection. 

PuAicASH Chandra Joshi. 
Department of Botany, 

University of the Punjab, 

Lahore, 

March 13, 1935. 

^ Baker, J. G., Fern Allies, 1887, 30. 

2 Prain, D., ‘‘The G enus Fsilotwm, Sw. in India,” 
Journal Bombay Fatnral History Society, 1893,8, 
428. 

3 Dalgado, D. G., “Note on PsUotuni triquetrum,'^ 
Journal Bombay Natural History Society y 1892., 7, 
544. 
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Nucleolar Behaviour in the Somatic Mitosis of 

TricJhosantJies dioica Roxb. 

Fkew AiSfD Bowen^ working on a number 
of Cucurbitaceous plants observed that dur- 
ing somatic mitosis the nucleolus often 
persists up to the metaphase when it divides 
and the divisional products migrate to the 
poles. Similar behaviour of the nucleolus in 
higher plants has been previously noted by 
other investigators an account of wiiicli has 
been given by Frew and Bowen. In this 
note an account of the beliaviour of the 
nucleolus as observed by us during somatic 
mitosis has been presented. 

Simultaneously with the disappearance of 
the nuclear membrane the nucleolus is also 
lost sight of, but in some cases it is seen to 
persist up to telophase. Such nucleolus is 
generally found to lie entangled within the 
chromosomes after the disappearance of the 
nuclear membrane. The volume of the 
nucleolus becomes much reduced. The 
nucleolus is usually round at this stage. 

At the time of orientation of the chromo- 
somes at metaphase the nucleolus also 
moves along with them and lies more or less 




at the centre of the spindle (Fig. 1). 
Very soon after its orientation at the central 
region of the spindle, the nucleolus tries to 
move bodily to one of the poles and assumes 
different forms. This is noted before the 


anaphasic separation of the chromosomes. 
As the nucleolus moves further away from 
the chromosomes a very thin thread-like 
process may be seen connecting the nucleolus 
with the chromosomal region of the spindle 
(Fig. 2). During the migration of the 
nucleolus to the pole it appears as pear- 
shaped body which gradually rounds off 
and becomes spherical. In almost every 
case the nucleolus seems to move to either 
of the poles without division, but in a very 
few instances, however, division and subse- 
quent migration of the divisional i^ro ducts 
have been noted. In these cases the 
nucleolus is caught just in the central region 
of the spindle at metaphase and becomes 
elongated in the direction parallel to its 
longitudinal axis and undergoes constriction 
at the central region. Gradually the central 
region becomes attenuated and the two 
daughter halves are pulled apart. The con- 
necting process ruptures and finally the two 
daughter nuclei separate. The separated 
halves are not always identical (Fig. 3). 
The nucleolus as it reaches the pole is ulti- 
mately cast out of the spindle area and lies 
at some distance from it. 

The anaphasic movement of the chromo- 
somes does not take place until the nucleolus 
has reached its final position. During ana- 
phase and telophase the nucleolus is found 
to lie in the position already attained by it 
during the metaphase. It remains in the 
same position without showing any signs 
of degeneration up to the reconstruction of 
the daughter nuclei. In the daughter nuclei 
new definitive nucleoli are organised. These 
newly constructed nuclei do not appear to 
have any connection with the cast out 
nucleoli winch always remains extra-nuclear 
(Fig. 4). Mostly the cast out nucleolus at 
this stage does not seem to show any appre- 
ciable change, but in some preparations a 
dull appearance is noted. Shortly after 
this the extruded nucleolus suddenly dis- 
appears in the cytoplasm without leaving 
any trace. The -cytoplasm appears to be 
quite homogeneous and no trace of the 
nucleolus is seen. 

The rirode of division and the migration of 
the divisional products of the nucleolus has 
been explained in various ways. The theory 
of librillar contractility does not appear to 
explain the polar migration of the nucleolus 
because as i3reviously pointed out by other 
investigators, the nucleolus does not show 
any fibre attachment and still it moves 
earlier than the chromosomes. The 
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“ SI <inm -I ’ :i!so I'nils lorxphiin 1 lir pn* 

t*o(*i()ns iniu'nil ion <{!’ I Ik* micloohis to the polo. 
P'r(*\\ :iii(i r>o\v<‘n nr(‘ oi’ opinion that "(ho 
spindh' a,r(‘;i r(‘pr(‘son( s a. rt‘ixi(?n in whic'h an* 
lot'a! is(‘(l I hos(‘ foroos of \Nhat(‘\’<n* kin<l 
\vhi(‘h ar(‘ i‘(‘.sponsibl(‘ for llu‘ anaphasio 
nioviaiKMit s." 'rii(‘ (‘({iia.l orial oritnilalion 
and sulKS(‘<pi(‘n( disision of (ii(‘ nuol(‘oIus is 
nunady a. n(‘o(‘ssary ixxsult of lli<‘ nior(‘ or l<‘ss 
in(*id(aital oa.l cliiiiu' of lli(‘ iiuo1(M)Ius in jli(‘ 
spindh' i’(‘< 4 ion. On (his hypothosis t lu' mi 
ii'ration of tin' nuoloolns (o on<‘ of IIk' poh‘S 
as ol)S('rv(‘d by us in 7V/<7/o.s‘n;////r.s* ilioira 
oonld b(‘ ('xplaiiH'd. In nu‘( a.piias(‘ lli<‘ 
nuoh'olus li('s a. litll(‘ a.bo\(' or Ik'Iow Hk' 
(‘(piaioria.l phil'(' and as such (h<‘ "foro('s" 
a<‘tini^' on (In' mioh'olus Ix'in^' i 4 ’i-(‘ai(‘r on ono 
sid(‘ (hail in Mu' otlu'r, (In' nn(‘l(‘o!us is 
bodily pusln'd asidi' and mitral (‘s (o oik' of 
tlu' poll's. In thos(‘ (*as('s wlu'ri' (In' nuoh'o- 
Ins lii'S in I hi' oi'nl ri' of Mu' ('ipiat orial plali' 
( 111 ' foroi's ni work bi'iii”’ (‘(pial on bodi 
sidos of it, I h(' niioh'olus is di\ id(‘d <'(|na.ll\ 
into two. 

1. liANIOIMI. 

M. i\ Das. 

I )(‘pa.i‘t inoni of Hot aitiy, 

( 'a.h'Ut t a: I : nivi'rsity, 

Fvbnuu'jf 20, 102)5. 

‘ Srow, ty P., and nowcn. b‘ Ib, Quarl.. Jour. 
Mlrv. Sri , ])i>. IDToJin. 


Chromosome Numbers in F rshani a (/ ratal i flora 
Pers. — The Ai^athi Plant. 

SrshatfiO' ijrattdl flora, IN'rs. is a. 1 n i no ns 
sofi "Woodi'il (.ro<‘ (‘ommoidy ^’rown to si'rvi' 
a.s a, post , on to whiidi Ix'ti'l v'ini's aja' traini'd. 
Its l(‘a,V(‘s provide' lie’ll t sln'lte'r. In tin' 
('a.i*ly st.a.a‘('s yoiin<;* l.wii»’s with h'a.vi's a.r<' 
cut ainl led lo cows. Odii' tcndi'r It'aiVi's 
aii’i' consiinn'd a.s li'i’i'i'iis. 1dn‘ t.i’i'i' ^'I’ows 
to a. ln'ii>ht of about 20 IVct a.nd its i 4 ‘ra.nd 
llow('rs ail*!' a.bont lOcni. lonii’. 

'Tin' ('hroniosonii's in (.his Ica’nnu' wi'ri' 
sl.udii'il in (,wo va.rii't ii's: (I) (In' (‘onunon poh' 
va.rii'ly a.bout. 15~20 Ici'l. hi^j^h wit.h vvhil.i' 
(lowi'rs a.})ont lOean. lon.L>;, (lo\N<'.rin«>* a.( 

dclinit.c time's, a.inl (2) (.In' short., ca.rly 

bra.n('hin^Ji‘, re'd dow<‘i'<‘d vaiiai'ly a-bont. 7-~S 
Ice'l. hii»ii, wit.h tlowe'rs a.be)ut. S cm. lon^’, wit.h 
fre'epH'iit tlowe'rini*'. 

Divisions we're' obta.iin'.el in polh'ii mot.hi'r 
ce'lls in buds of a.bout. ^ (‘in. lon^* aiinl of 
jiolh'n ,i>,’ra.ins in buds of 2 c.m. le'njL»'t h. Aca'To- 
('.armhu' smi'ars as w('.ll a.s p('rnia.n('.ut. si'ctiioim 
stained in Gentian- Vioh't-iodiiu'. xvere ^ 


e‘\aniin<‘d. <‘onn(N in biOh pnllcn nntih<*i 
ce'lls ami polh'ii grains "a\i* » t>»'\rni a- 

( he' haph)id ninnb<‘!\ I In’ tdiroiiioxnnif 
nnmbe*rs in both \ai‘ie‘{i«‘> Ufi'r found to ht 
the' same'. In I In' pedlon ‘'rain' fin* edirtiUNi 
some's \\e'!*e‘ found to be* laiioT than in flet 
•pollen mothor ce-lls. 

Tin' chi'oinosomc e'oniph'nn'Uf wa-^ louia 
le> be' made' up ed' 2 loin*, 2 nn'eiiinu and . 
small. In tin* tue‘ ionv eun*- rlirennooun. 
was slia'ht l>' lonyor (ban tin* olln*i’, <» atoi u 
the* twe) nn‘<liinns li. \ iin'dia?, 



Fig. I. ' iCaio 


atlae‘hine*nl const ri(*l ion uas found in i u* 
lona’<u- and a sub median in (In* dnerleu’ oj 
tlu'se' ejiromosomes. All (In* . hort Isn 
me'elian a 1 1 ae'hme'ul e’euiU riel ion.-. Th- 
se^'ri'pi I ion was norma! ami reiodar. b 
the* polh'ti mol in*r e'e'lls om* ed I In* h'.r , 
('hromosonu's was found to l^e* .^eMueium' 
la'tarde'el (Piy;. I!)- 



Fig. xlitei:) 


Ka.wa.kaiui (lOdO) r«‘e*oi’d.s \i\ (sivlfeui; 
till' lia.jiloid nnmbe'r in Srshattio (tvuiatiir 
IN'i's. 

N. KmSMN \S\\ AMI. 

G. X. ItANenvsw AMI .WVAXtai:. 
Milh'ts Ib’e'e'el iiu 4 Slat ion, 

A^rie'uit.ui'a.l Ke‘st'ai’e*h Instilufe*, 

( 'oimbat ore, 

2H, lO.'io. 
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I'hc Fish and Fisheries of the Punjab. 


In \()ur is^nr nf I l;is{ a ('orrtNspond- 

(‘iil a{l‘i<*!\,s a .s<'i’i(‘s of short aiMirlcs 
as aho\t‘ whioh apja^aiHal in i ho 
on 0(*i(dH‘r 7S1 h, and NoNaanlwn’ 1|}| a.inl 

nth. Ih.'ii. 

Ur a}>{M’ars to lx* uinhn’ t hn inij >r<Nssi()n 
tjiat tin* ahovr ar(i<*h‘s a crit i(*isin on 

the I h‘pa rt nuMit (h’ A.u'ricuit ni7‘ aiul Mn^ 
h'ishrrios Ibvx-aiahi OlVuMn'. lot luo nssnn‘ 
him, hcrr and now, lliat llnna* was no sindi 
iiilniilion on tin- writer's part, I f eri t icisin 
or at t aek t here w as, i t w as hw t'lhal at ( < 0 verii- 
ment for adopt inu' a "drift ’ p(diey in r<‘“ 
iiard to wind should Ixmin iinjH)rtant <l<‘pa.rl- 
nnad, rt'spon.dldt* for a vast ftJod supply of 
t Ii(‘ pr<i\ inee. 

Kdovi rrA‘/,7yv7' S('/ 

“ 'I’lM* r«>I'r*';;!>i ilhii’lll (if tie* .SUL!,‘^*(‘st.S 

that tie* '•••vreh work mi rislea'ios in (.he. 

Punj.’th hmdvl h«* el.i ,(m 1 ditwn 'nutd'-ueli l ime as 
.•uli'ipi.'it <• fand‘. a re a \ a il.d >le 1 ( ) plane it mi a. pro pm* 

footin.-, with a pi' ieuliurist from hiu'opi* or 

Anierie.j at it ■ le-adh d'ais is jn t the kind of 
ad\ iei‘ a eisih.m administ rat or of a, seii‘nl ili<’ 
depai’t meld woitll, in a spii it of <lesp.dr, t <‘!i(l<‘r to 
the ( da «Tmneu! v\ hen its llnaneial resmireos mi|LCh( 
he temporarily didoc*a(ed; Imt (In* viewpoint, of 
a seienl rd \\ onh 1 preei .ety l>e | he < >ppo.sit <*. 

“'the .’nl\oeae) of tin* p<di<*y of clos- 
in;.!, do\\ n re:,(’areii (h’par t inents of ( to\ o'rnnumt. iii- 
diist rie ; sm'h a . i:. ad vt»eal ed hy the <*orres j )ond<‘nt. 
of tile N/ithvmnm . . . . e in <mly lie ae,e<*pteil on (.he 
rirspoUNihiltl y of plaeina: tin* emmt ry in a .s(,n.te of 
perpetual depend 'uee on fon'i?j;n jiro Inetn. 

2, “ Ae-'ordine; to the <*orrespnn lent of tin* 

Sldh'sniti'i “vUiena He.seari'h ( hVteer wa.** a ppoint- 
ed in ia:*ii it was •’ontnlenlly hoped that the 
liraneh wonld develop, Imt II years havo <da.psed 
and e\eept that In* h.as neee.ss to a. line lal h >rn.(oi*y , 
reseao'h, . 1 . ■ neh, i - no further advauee^lP^ 
He^isireh ( >tl|err alhidt‘d 1 1 > i < a, > <mn^^ inex p<‘rieue- 
eii nradnatc of IhePnnjah l'niversi(\ ami h<* wnns 
exfueeted to work ndrai’les without spis’ial (ira.inirifjj 
and tnns'v.arv rdudanee hy the head of th<* 
tlepa rt meld . " 


I :dta<‘h no hlatne to tin* lh‘S<‘a.r<*h ( >ni(‘.(‘r 
as it lias be{*n v ery niU(*h a. easn of a oa.rf Kmta‘r 
without tmds, hut I would a..2:ain r(dt.(M*a.t.o 

do n(d jdtiii (it rt'Si'dndi, 

Alhidini!, to the iid roduci ion of trout- in 
t iu‘ hill s{r<‘at!i.s ( h<* w ritm’ ((dis its t had. it. is 
(iane:(*roiis to try e\p(*riuu*n( s in iutro<lu<dng 
(‘Xotie s[)(*<‘ies. Ii<‘ says : — "Any ini (‘rrcuNuu’-n 
by (diinisy e\pt*riuu‘iit s is an a-ct- \vbi<di i‘(‘.w 
irain<‘d and (*\p(*ri(*iu*(‘d s(‘i(‘ntists would 
li^’htly uiidertaktn" UV, bowawauh (uuits to 
uu*ution that tin* (*xp(‘riuH*n(’ wans undi^rt.iikiui 
in waters in whitdi (Utly oiU‘ indigenous 


Tho vvrij(‘r in (Uirmil i^rimrr is, I j)r(*siumo 
liirns(d.f a. s<*i(‘nt ist- a,iid, a.s such, should pridt* 
hinis(‘lf on t.lu* nudioiilous aiciuiracy t-o (hdaiil 
a.nd obs(u*vail ion of fa,(d.s from wliitdi his 
(UaliK'iions a.r(‘ imuh*. jl'ailf trul-hs should 
b(‘ a,na.tluMna, to him, a, ml yud. vvdiaA do w’o 
lind t .lie (piol.(‘s (‘xtra-id-s from t.li(‘ a.rti(d(‘s 
in <pi(*stion (.0 sliow tlnit ( In* \vrit(*r aidvoi'Uiti's 
tin* elosiui;' down of aJl r(*s(*a:r(*h, and (‘aiia*- 
fully omits (In* paissa,i*'(*s which l(*ad to t-ln* 
snii:,W(*st.ion a.nd .u'o to t in* root, of t in* whok* 
( ronbli*, ri:. : — Slop phitfiiuj irllh rcEvarch and, 
iraslhuf pHhli<‘ fii ads. Ij i/oa (‘an not do otkc)'- 
iri.sc (luui plai/, I hr a stop it (‘iithu'lif. 

ddn* follow ini!,’ (*xt,raicts sp(*a:k for IJictn- 
s<*lv(‘s. 1 <j;’iv(* (,ln*m in pa,ra.Ik*I columns : — 


FUOM 'rilM N7'.17’AAS7I/,1/V. 

< ’a.n t he* proverbi.'d two m(‘n arid a. lioy, With 
a. (,a.nk to ida.y in, const, it, nt.i* the !*(‘s<‘areh of a, va.st 
su!ij(‘ct. lik<‘ lislmries of a pi'oviiKtc ? ddnat 

res(‘a.r(di is I'sstmtia.l no on<* e.a,n d(‘ny, hut, wiiy 
pla.y at. it ? ” 

Afjidn,, “ I f . . . . r<‘.s<*.‘M’(.i.h c/inno(, be ca,i*F'i(‘d on iji ii 
busim‘ss-like wa.y , wdl h a, pi*op(‘r st-a,IT and fa,cili(ies, 
it shoidd be clo.se:! dowm alt ojji’et her t ill btd.ter 
t.imes. 'Vo eont.inue to pla,y wit.h it is a, us(‘l(‘.ss 
<‘xpi‘iidi(ur(‘ of public, funds....’’ 

Atnt'nn 1 1 lias alr(\'ul>’’ b(*c:n said (bat r(‘S(‘ar(di 
is absolul.ely (‘.ssmilia.l if wc are to a’l’t tin* best 
results, but. r(‘.sear(‘h must- la* und<M*t.a,k(*u si'riously 
a.nd not. played \vit,h. If this camiot. lx* doiu* it- 
would bo bet t-(‘r t-o close it- down (‘ut-iri'ly until 
such time a..s a, (!<*({ uato funds ax'i* a.vailahle t-o 
l>la.c.(' it. on a. jiropor foot-injjj wit h a, piscic.idt urist 
from lOuropo or America: at its ln‘a.d. ” 

2. !\ hrynuin mi>^ht lx* for^jfivt*n for askin.n' how 

lonjj; a, sci(*u( is(: r('tna,ins “ youa;;’ a.nd ine:<p(‘ri(*nc- 
<‘(1” ? 'Pin* Onic.i*!' in (puxst jon t.ook his 
( Lst. ( thiss) in /joolo.jjfy, in IDKior 1017. Ife (bmi 
sp(*id. a- yea.r or so in t-lx* l/i,w ('ollcge a-nd wa.s 
Pror(‘ssor of /oolo^'y in t.he ,'\li;j;a.i’h (Jolleet* 
before joinin^j;’ t-lu* Idslieries I )epa,r(nu*td- tu‘a,r]y 
\r> y(‘ar‘s a,|.Co. hku' t-he ha.st. 2jl years he ha-s Jia.d 
tile a.d va.nta,jL!:e of workiniL'' \md(‘r l-wm emiruuit- 
Hc,i(Ui(,lst.s, t-lu* (h)vt‘rnmt‘n(. Mnt-omolo^ist- a.nd t-lui 
Pir(‘(d.or of .■V}j;ricid(ur(*. llmh'i' t-luPir “ specia,! 
tra-ininu,* a.nd n(*(‘.(^ssai’y ^uida.tux* ” has tish(‘rit‘s 
r(‘S(*a.r(di profifr(\ss(‘d one iot.a in 1 ha.t, ( inu* r* 

sp(‘<'.i(‘s (‘xist-s, aiiul (-lia-t- oin* of sma-ll (*con()mic, 
valiK*. On t-ln* ot-h(*r Inunl ha:S not tin*. 
(pH*st.ion of int rodiH'in;:!,' i-rout- into t-ln*. Ivavix* 
K-iv(*r at Madhopnr (wdn*rc mailis(*c,r a-nd 

()t-]i(*r iinli^’(*n()UH va,ri(*ti(*s a-boiiinl), b(*(*n 

r(*(*<‘nl.ly jnoot-<*d, and }>y sci(*ntists "I ddn* 
qucst.ion was ])ut- t-o nn* by oiu* in a-ll s(‘ri<)us- 
n(‘.ss. Jr<‘. mayy of c.oursiy lta,vc. b(*(*.n un- 

tra,iucd a.nd in(‘X])(*ri(*in‘.(‘(l. 

In tin* articles in 1-ln* Sdairsnian tin* sii.i>’- 
^(‘st.ion was .made, t-hai tlu^ U(*s(‘ar(*.h S(*(d-ion 
should r<*niaiin under 1-lie Agricmlt-ural Oct 

parl.mcnt but that the Aduiiyustratiyc 
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Ui'iMH'li should h<‘ plii.t'od nmlor llir (Ijiiik* 
\Nhi.rd(‘!L 1 dn' lalho' |);n*l of t li<‘ snu'u’ost ion 
found an ladio a( I ho r(‘ 0 {‘nt All-India <'(Hi 
f(M*(‘n('o For Mi<‘ I*r(‘S(‘r\ af ion of W’ild Idfo, 

To put lli(‘ wlioh* oaso in a. nntsiudl. If 
IIh‘ l)ir(M*lo!’ of Anri on I In r<‘ is to adiuinistor 
ili(‘ hdainnaos I )(‘par( nuait as wadi as 

his own h(‘ should 1 h‘ n’ivcai lln^ staff and 
t.lu^ fa,oilili(‘s with whi<di to do it. 'To <‘\j)t‘(d 
a^ busy man lik(‘ him to ,niv(‘ tlu‘ n‘(jiiisit(‘ 
|.im(‘ to allot Inn* <I(‘pa-rt imad is to ask for 
t,h(‘ sn p(n‘hnmao. 

On t.h<‘ otlnu’ hand if D.D.A.'s and 
ITA.D.A.’s aro t <) wa.nd(‘r adoiit t li(‘ riva^rain 
t raads <loin^' t h<‘ work of hMslandiss < )llio(‘i*s 
t.li(\v must ha.\a‘ a- mon^ tinio on 

tludr Inimls t lain om‘ ima.nin<‘s. If t h(*v 
haiV(‘ (Miou.nii wa)rk of thoii* own to kta^p t Ikmu 
< anpl.()y<al tlnm tln‘y obviously oannot do 
jnst.io(‘ \i) tJi(‘ ^ish(‘ri(^s, so why try '! 


I In t.li(‘ lii^'ht. of t Ih‘ lannarks ma.d(‘ by oni* 
(‘()rr(‘spond<‘nt- “ Int(‘r(‘st (sT', wa‘ lia\a‘ r(‘» 
[H‘rus(Ml th(‘ hklitoriaJ on ‘Mnla-ml h'islua’i(‘s 
in Indiad’' aaid afso tin* short artiohss pub- 
lislu'd in on Oo|'(d)(‘r h a.nd 

Jsh)V(‘nd)(‘r ltd and llth. Wa* wana* con- 
o.('rn(‘d only with tin* broad prinoipl(*s and 
^>’(‘ii(‘ral j)robl(*ms of tin* h^shoric's in India, 
aiiid nuuh* (*.(‘rtnan o.onsl.rn(*t.iv(* proposals for 
t.h(*ir impr()V(‘m(*nf, Wa* ha.d no |)(*rsons t.o 
d(‘f(*nd and no int(*r<*sl.s to support. 
had a.bsohit 4 *ly no motaxa* in (•()n(*<‘alinj;* 
“truths”. .irowa*va*r “ I nt.<‘r(*sl<*d ” t.ri(*s 
t'O f)oint. out. that, sonn* of our sl.a.t.<‘nn‘nls 
nusr(‘pr<*s(‘nl: tin* int.(‘nl.ions a.inl pnrpos(‘S of 
Mn* w'rit.<*r of t in* a.rt i(*h‘H in IJn* 
Ktaksman. W(* madil.aiin tdaX our Idlit.oria.! 
is p(*rf(*(*.tly hon<‘sl. a.nd disinla‘n‘sl t*<l. 

On r(‘a.din.<>’ On* arla<*[(‘s on “ h'ish a.nd 
Fish(*ri(*s of tin* Punja,b” [uiblisln*d by a. 
“(* 4 )rr(*s])ond(*ntd’ in tin*. wo oaai 

hardly r(‘sisl. On* (‘.onohision l.lnit. t.ln* wril.<*r 
of td<‘S(‘ a.rti(‘h‘s poss(*ss(*<I a.n insi<lo knowh'dij:!* 
of tin* working’ of On* I )(*pa,rt.nu*nt., his ma.in 
obj(‘<d. xva.s t.o <‘.onvinc(‘ On* local <lov<*rnm<*nl. 
of On*. advant 4 i^’(‘. aiinl d<*sira.bili|.y of pla-cini," 
t/ln* administrait.iva*. bra.indi of tdn* Fisln‘ri<*s 
l)(*|)ari.nu*nt und(*r Oio (bum* VVa.nh'U,— a, 
newly cr(*.at(*d post.,— aiinl for tdis purpos(* 
the art.icdes W(‘r<* (tast. more* in tin*, na-tun*. of at 
pro])a^’anda, su.i»-^(*st;ini>: tdat. tin*. FiHln*.ri(‘s !)(*- 
partment could not function (‘llicdnd.ly und(*r 
the existing’ arra,n^>’(‘nu‘.nt;. W(*. an* sur|)ris(*d 
to learn from ‘'MntercistKMl’’ that a fuinla- 
mentally wrong suggestion, of tliis kind, in 
connection with the development of .Fisheries 


in India, iiu'' H*t'«'nil\ 'n -:i .n ip 

“Ail- India thmlmrUff i h* I*!. 
ol W ini la'iV ” Imdi .i! 0 * ; ■ . 

lone' a.u'o, and wi* Impr !<* !»»' jhli- e* 

in t ln*so oolufun I ii«’ * d n. • | k, 

assenddy as MMUI a ■ f .nr 

t In* publi<‘. 

\\h‘ .st rr.-.N Oia ( t iir } m 1 h I V, iv. ■ « to. .. n • ■ ittn 

a r<‘ irn pri a ( n r i’( n t Iir a ! i rn ‘ ! i - * 

of i'i‘Scai<di Weak iHi b ; la ? r 'ii lr,ii, 

( I ) The I U*pa I ( nn-n f ia »ii |.i b. f - » .i 
scient ist > suit a b!_\ tiaim-d i»r f i b. • 
[)OSS<‘Ssine k lief W In ha- Ii] hir.}| i tf;*! niO; 

( LM d'ln* I Ira<I t»t' f hr f > frii l 00 0? . j _ 

si*i<mt ist , .'dnnlld pnuab* a a oa'r, 

firogrammc ot l.ilHJiatar^ aial la !tt 

jus assist a nt :h who r tnxr ? ml at is ‘ •‘■st 

gui<!c and {’(Ulfinl, •.! I'ta- {up 
should ra'(‘ri\r adruyialr Inia?;* : li nahM.* 
from t in* O o x «*? umru t . 

“ hit ni [MHUt nfM { !ia * fr i I, a, 

t o t In* Fuujah Ou\ n ninr r b i • * n» a. I 
playing with n- ranrh niaf u .r ? sn' nahLt 
funds : if you raiiunt d** h 1 ii» a vn. » ?'!j‘ 

play, then stof> it mtnrlx . t>in .m •. .n ; 
“(ion l permit unr.nrh tn in- plj\«n yhil\ 
If you know your nd), \«m t an m.A.i ‘.i» 
limit (‘d grant .4 •Ml a lon.e w.i\. Imp?* ara! 
t.ln* mind of (lo\«nnnn-nt t li.if m » .or. 
revimin*. l>emondralr ihr l.o J io. xttu; 
n‘sults. We doa f want t la* ^* ,1 ' , 

<'orr(*sjM>nden f to ctuin* ami ft II n ? ' .r 

reH(‘a!*(di is gootl hut rh* »• it thnxn. b ni' 
eaainot provide .adheient Inmi *n *i juto 
e\pi*rts from Ainerie.t ,ind lanep* 
fest ly t he remetl> iaiyar trtl b\ ! fa* . 
pondent t o 1 he Nftf U w loon “I nf «»* na 

ha.s set otd tosuppoif, r. lai imnr ds j n< 
Mian t he d istsist*. and no tme w Im 1 .a 'iu.o.af 
<‘d wit h tin* hi.dorx of :.rn nfiSit u » 
will support the VlrXXa. ttt riMat *(' ! St • 
wndt (*rs. 

ddn* runjab Mox eriunriit Ira brmi p* na 
ing inom‘y 011 i'h.dnn > Me <-airh and n s : 
b(*ing played w itli, ( he « an « i«»i a* s . 
eoinlil ion an* { I t Mie re. larrfi nihrei ptt » »- 

no training in h'l.diernv^ a! Mo* fum- «c ir 
a.p[Hdnl nn‘nM ( g 1 he w a. tmt iiiiiu b«d tu?! 
a.uy oi'gamsed proeianum* »»l wtnl, air 
(d) tin* non se lent dn' Inroi of the 1 >r p.i ? i ;r. n’ 
e.ouhl neit ju*r adxi.a* mu rnid*' n t an I 
W'ork. (‘nder such unpropit mu*. « u* mn 
s(.a,ne<‘s m*ith<*r the leindh of fie* tiu** 
of (.In* r(*s(‘areh olltrer, nor !u: at a huiu* 

<|Ua.li Ih'atioiiH in fpUieiaJ /oohr’,'\ atel ia>i u 
(*ould make him an e\pareie‘'' 
(‘Xpert, for liHln'iieh rereairh. llie f lui ri u 
nuud. lOntoinoIogist atni f he i hrei ier «? 
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Agriculture are undoubtedly eminent in their 
own restricted spheres of work, but cannot 
reasonably claim to direct investigations in 
Fisheries, a province entirely out of their 
beat. It is not therefore surprising that 
Fisheries Eesearch in the Punjab has not 
advanced even under the guidance of these 
scientists. 

It occurs to us that the Punjab Govern- 
ment which provides money for fishery re- 
searcli and maintains a research officer 
should have invited a Fisliery expert — for in- 
stance the Director of Fisheries, Madras, or 
the Director of tlie Zoological Survey of India 
or his nominee, — to draw up a programme 
of work for the officer and to supervise it 
periodically, wlien the Government discover- 
ed than it could not obtain such assist- 
ance from the non-scientihc head of the 
Fisheries Department. It is inevitable that 
research under these circumstances should 
drift into play: and most assuredly the 
remedy is not to ‘fstop”. Use ail the 
available forces and material. Then ask for 
more. Fisheries research is both a field 
problem and laboratory work and in the 
initial stages, a great deal of work is capable 
Of being accomplished even with moderate r 
equipment provided there is adequate know- 
ledge and generous enthusiasm for discover- 
ing and solving problems. Eecently we 
have had an occasion to refer in these 
columns- to the progress made by a small 
Fisheries Department in the Bombay Pre- 
sidency and it is very gratifying to learn 
that without the expert advice of pisci- 
culturists from . America or Europe, this 
Department has during the last two years 
achieved great progress in the fish trade in 
Bombay. In order to improve its fisheries, 
the Punjab Government should place the 
Fisheries Department under a local expert 
possessing the requisite qualifications for 
advising the Government on scientific and 
administrative problems and for guiding 
and controlling the research work of the 
officers. 

Interested ” betrays lack of knowledge 
of Indian fish fauna, when he remarks that 
trout introduction was undertaken in 
waters in which one indigenous species 
exists, and that one of small economic value”. 
We have not found anywhere the results of 
the proper survey of fish fauna of these 
waters, but, judging by the conditions in 
streams generally elsewhere in India, it 
seems rather a bold suggestion to make. 
Usually there are numerous species of fish of 


varying sizes in almost every stream and 
introduction of an exotic species is bound to 
upset the ecological balance of nature. It is 
therefore highly desirable to investigate the 
local fauna and its reaction to the intro- 
duced species before undertaking an experi- 
ment on a large scale. 

It is unfair to the Fishery Eesearch Officer, 
Government Entomologist and Director of 
Agriculture, the Punjab, to continue this 
correspondence under a nom-de- plume . The 
tender solicitude which ^‘Interested ” mani- 
fests in defence of the statements made by 
a “ correspondent ” to the Sunday Statesman 
marks him out as Dr. Jekyll supporting Mr. 
Hyde. — Ed.] 

1 Curr.Scl,, 1934,3, 227-231. 

- CuTT. Set., 1934, 3, 214. 


Showers of Fish. 

Last year attention was directed to almost 
all the recorded instances of the Pains of 
Pishes in India and after considering various 
explanations of the unusual, though not un- 
common, phenomenon it was shown that the 
fish are probably sucked up from a pond or 
river by a w^ater-spout and fall to the ground 
when the water-spout collapses. Mr. ~P. O. 
Matthai has now directed my attention to an 
interesting paragraph, entitled '^Falling Fish” 
in Carey’s- Good Old Days of IT onorabte John 
Company, which is very significant in this 
connection. It runs as : 

“ The plienomeaon of fish falling from the clouds 
in the rainy season, however incredible it may 
appear, has been attested by such circumstantial 
evidence, that no reasonable doubt can be enter- 
tained of the fact. The first instance we see 
recorded is that of a fall which happened at the 
Nokulbutty Factory at Dacca, and another shower 
took place near the Surbundy Factory, Purreed- 
pore, both in 1830. Since which several instances 
are noticed in the papers of later dates. This phe- 
nomenon is of easy explanation. The fishes, 8 or 10 
inches in length, are swept up by whirlwinds from 
ponds and held suspended in the rain cloud until 
they are thrown down in showers. The curious 
part is, that the fishes are found on the ground 
alive and uninjured.” 

A detailed account of the FTokulhatty 
Factory fall, referred to in the above quota- 
tion, was published by Princep^ but now it 
is learnt that a similar shower of fish oc- 
curred at “Furreedpore” in the same year 
and that several other instances were 
reported in local press during the years 
following 1830. Unfortunately these" ac- 
counts are not available now. 

It may be recalled that in my recent 
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:iii rrlcinirr was iiiiah* to a poimlar 

Hi!i<ln hriirf ill rrii'ani inu' Ilia siirkiiiu- 

lip of w:ih‘r from I 1 m* (‘:i!'th hv oim* oI Lord 
hidi'ii's (‘h'phaids with a N'i^w In show 1 lu* 
ri*(*(ni(‘!i(*y of walarspout lorinalinn in liiat 
ari'a diu* In inrt (‘oiMdn.uical (‘ondil inns. 1 'liis 
m yt Ii(dnyi<'a I iK'linl’ had indhiiia,' to do \N illi 
llu* s(*i('nlirM* inxM'sl i.a'al ion of tin* causi's of 
tlu* j>lM‘nonM‘non h>‘ Hr. Son and inysair as 
ndsr(‘pr(‘S(‘nl cd by a wrilor' in Aa/z/yr ol 
S(‘pl (‘ni})(*r ‘JLh \(yM (p. lb I). 

SrM)!':K Lai, i I on a. 

/jooio.uical Snr\'i*y of India, 

I inlian Mus(*iini, ( 'al(*nl la, 

March L‘Lh ItKhb. 

' I lorn, S. ol' kbslii'sin I ndin," 

AMal. Sor. I'ciiual. iN. S. ) , I ( I IK! I ) , 29, nb-’l in. 

~ ('a.rny, W . ll.. 77 a’ O’cc^/ (Ud />af,'s r/ llonoi- 
(tbU John ('oDijanif ('('alcutin inoT), 2, an ! . 

‘‘ l*iiiMM‘p. (jf l<’ish froni Mic Sky." 

Jourii. .1 .s'bd. iS'(/r. IS!!!!, 2, nAn-il.Ap.. 

■' A non, bSliow <‘i’s of 1^’ish,' .N'm/m/’m, I IkJ 1 , 134, 1 .> ! . 


Panthachuk (Srinagar, Kashmir) Rhyolite. 

In an issiu* of ('urrciil SciciKw^ a. rliyidih* 
was d(‘S(‘rib('d from tin* Panjal 'Trap forma.' 
lion in ili(‘ m'iglibourhood of Srinaga.r. In a. 
sul>s(MjU(‘nl issu(‘“ W. 1 ). VV(‘sl, on (Ik* 
baisis of a. (*oninmni(‘ail ion from 1 ). N. VVa.dia., 
has thrown doidit. on tin* vaJiility of tin* 
dis(*ov(‘ry. lib* sta.l(‘s t hat t his pa.rt icnlar 
o(*(*urr(‘n(‘(‘ is ordimiry Ibinjail 'Trap {/.z’., 
a.nd(‘sit(‘ or basalt) whii'li has b(‘(‘n sili('ili(‘<L 
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No reasons ha\'e, howe\(a\ been ”t\en for 
{ his st at einent . 

'rb(‘ jM*t ro‘.';ra pb ie de>.eript ion oi i la* loek 
gixeii in (he pre\ ions no(e i,- lUin’ieni lo 
pro\(‘ that the roek i.’- a rh\oh!e ;md mn a 
"silieitied ' ti’ap. .M> friend Pr. \ . S. lMd»e\ 
has now kindl\ ana!\.^ed a •peeiiuen oi tjir 
roek. 'The ri'sults of the anai> o are -i\en 
abo\(‘. h'or eoinparison the ;:\era‘'e of {o:' 
analy st's of r’h\ (dil es b\ I bd\ and f he anaiy - 1 * 
of a rhyolite, elost‘!\ apprtnielun*' the Ikui 
(baebuk roek in elM*iniea! eonipo it tt>n, aie 
a.Iso gi\en. It is ob\ions ilia! the data 
n'garding tin* ranthaehuk ro(’k are eapaiih 
of oidy om* ini erprei a 1 ion, namels, that i h«- 
ro('k is a I’liyloile. 'The remarf.v of h. \. 
NN’adia. as ipioted b\ \\. ib Wet ha\e no 
fa.<*(s to suppoi’l I hem. 

Non.M Ol- 'I'lii-: IW\ l ii \fiit k lb». k . 

(hiart/. Ult-bi, Ort hoela a* ‘t'A-stt, \ibUe 

:;i bs, A(*nii(e \a C), Npt i -ah. 

Idopsitb* 7 ”7 I, Ily perstheiie I • [.». {bumife 
b (;i. d'oial !M)*o;;. 

K . K . M M ni i:. 

(lezdoi’ina I l.aboral or> , 
lU'iiares Hindu I' ni\ (’r^it \ , 

March b, Ib.'kb. 

' i'arr.Sr].^ 10 >a, 2, l‘n». 

'• //;/•/., in:M, 3 , :ni 1 . 

hfiicaas (i>nl !h< ih p(hs n( Utt /‘‘ojA'r, 

p. o. 

' .1. hh Whidiekl. .S' (t\ .V. 

p. tatk 

I 'rniNK (hat Ih’of, Mathnr ha nn nnde! 
stdoil the intention <d' the |oofia>fe. ‘I h< 
mil HIM* of the roek disserabed b\ Prttl. Mailmi 
and Mr. N. \\al'iialo<> ni (h“ir leifer in 
('iirrciil i^ciracc was iie\<’r in zpie.aion. It 
was (,|iiile eh*ar from their tloeriptmn tliat 
it was a. rhyolite. What Mr. Wadia took 
(‘xe(‘ption to was the itupre,* nm ai\en m 
tin* h'lim* that aeid \(deanie roek = weo 
fairly eommon around Snnaaar, wberea 
a.eeording lo him man\ id' I lo’se roek: whic h 
at. a. lirsf giane<* lo(d% like* ai’icl \(deani«* roc k , 
a.r<‘ r<‘ally sllieitii’d ba.sie udi’anic* rotk.-. 
( ’onsi'ijm'iit ly in m\ footmdi* I used ilie 
words "in the maiti . Mr. Wadta i - mn 
now in India, but I am sure lie did noi 
(liK'slion tin* naint'e of the pariic'tdar t«o’!. 
(!(*s(*.rib(*<l by Ib‘(d’. Mat loir and Mr. Wakliahin. 

Allbougb Ihesi* idiyoliti's may In* i|nanUla 
t iv<‘ly miimporlant, m*\ ert heb*.s:. tln‘ir di - 
eovi'ry is of mneh intt'res! ; ami the anai\>i'' 
given by I >r. IMdaw adils furlht*r inti’r<*>l. 

W. Ib Wiksr. 
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On the Development of the Neural Arch, rib-bearing process and the rib of the 
trunk veiicbric of a Pcrennibranchiata IVci'fitnis macula I ns. 

liiiiimhi Kumar Mook(u*jta‘. a.n(l Siiryya. Kaaitiai l)a.s. 


I h'fXtri )HCi(l nf Zoilloifjf, 

A ( ’( ‘U IM >l \ K I o ( uulow ' ‘ 1 Ik* iK‘nrai ar(*li(‘s 
of tho trunk \ <*rl (‘lira* of I k‘r(‘niiihra!i- 
chiala arc fornuMi from tin* caiM ilayiuous hasi- 
ilorsals of oit hor w hiclioN (‘ut uall\ ima*! a.l 

t ho mid dor.-al lim* to complt'lt* tin* mairal 
arch, 'klioro is rndt iior I ho supratforsal uor ( Ik* 
imural spiiu*. Suhsotjuont authors likt* Soliau 
insland corrohoi’al od t ho st at oment of (ladow. 
hhuoliauoff' has I'oom'tlod that iu 1 h<* nu'som 
(*h\ UK* sta‘40, tliofo is apart from hasidorsals 
aiudlior ai‘,urt*tia{ ion td' tnos<‘noiiymo, wiiioli 
from its ptjsilimi ami form romiuds oiu* v(*ry 
muoh td' an aroh. 'riii< additional a^‘‘;'r(*jLi‘a'- 
t ion is utd rotaim*tl hmu' ami soon <lisint(‘“ 
m’al ON. 

( hu* fd' tis' ulio \\ork(*d on tin* d(*V(‘Iop- 
nu'nt (d t ho \ortohral oolumu td’ I'riloH 
nthjitris has .sta*od that, ot>rrt*spondin;U’ lo 
t*ao!i \t‘rtt*hi;d oontrum, tin* (*arl ilayinous 
iKisitlorsak' aro Ailualoti in tin* middit* r<‘yion 
ami this oart ilayinous aroh is .gradually 
dt*llt*ot otl post »*rioii> , 'Tht* oart iiauiuotis basi 
dorsals td' oitiior sidt* do md nH*(‘t at (Ik* 
ndd thu’.sal lim* to oomph'tt* tin* aroii, btd 
tliort* is a thii’ti pi<‘ot‘ nliioli sitoultl lx* <*all<‘d 
snpratiorsai. < ’orrospomlinu* to (Ik* a.nlorior 
ami po'dorittr portions (d* oaoii v<‘r((‘brai 
centrum I ho spinal oord is <*nv<*l<»p<‘d by a. 
romK‘oli\o tissue arolt which is <‘urv(*d md 
liko tlm earl ihndnou.^ aroli but forms (wo 
perpomitoidar* sitlo pillars with a third pi<‘c<‘ 
as a toed', the la((«*r lias two proj(‘o(ions on 
oil tier side to form tho dorsal s1k‘1v(‘s in 
eaoii vertelira. l*’r»uu (ho mid dorsal roof 
tin* anterior eonuoeli\<* 1 issm* tiroli liu'n* 
fotiii.'; a bi“, noui’al spim*. '1 ’Ik‘so a,n(<*rior 
and po.-^torior eonnoeti\(' tissue arches lx*- 
come osseous without passiim' lhroUi»:b (Ik* 
stauc of chondriticat ion. 1'iK* comK*cl:iv(‘ 
tissue arclK*s arc narrower I ium (iu* ca.r(.i- 
lauiuous ar<'hc.4 which proj{‘c( mor<* on (Iu* 
lateral sides. Mookt'rji'i* for tin* lirst tinu* 
roconlod lliat tho cai'i ilauinons arch <*xc(*i>(. 
the Mipradorsal, doevm‘ralcs. Ida* <l<‘oviK*ra.- 
timi doc.s not lake [daci* in I lu* ba.sidorsa.l 
as a w litdo, but ca rt ila.i^inous ct*Ils t.oo‘(‘(du‘r 
with tlu* inner p{‘ri<*liomirial Ia>y<‘r d<*^(‘n(*- 
ru!<*, b*avin.u’ Itchind tin* out(‘r pt'riehoudviail 
iay(*r whiclt is (’on V(*rt (*<! into bom*. II om^ 
^o(*s IhroULtii a ,seri(*s of t rjuusvt*rst* seed. ions 
of tin* cut in* l<*n^tli (d‘ a vert (‘bra at dilKu’ont 
Hla[(i*s, b(*rore tuid afti^r t.lu* (logcvnoratioriy 


IhiircrsUif of ('Uilciiftd. 

I Ik* w'iii liiid d in‘(‘r(‘n('(‘ in Mk* t.liif'kness of llu* 

I comu*(‘(iv(* t.issiu* a.reh Uiiid tin* cartala^'inous 
a.roh. l>(*ron‘ Mk* doex‘n(‘ra-tion of tin* carti- 
hm'inoiis i)a.sidoi‘sa.Is, 11 k* ('oinu'ct iv(‘ tissiu* 
a.r(‘}K*s a,r(* mii(*li tliinm*!* Mum tlu* ca.rtila.^'i- 
nous a,r(*iK‘s, Imt. aJ‘t.(‘r Mu* d(*^’(*n(*nil ion of 
(Ik* ca.rl ila-^inons c(‘lls a.nd t lu* imu‘r i)(‘ri- 
('liond rial lay<‘r (d* tlu* ba.sidorsid luis taik(*n 
pla.c{‘. Mu* Miickiu'ss of Mu* out4*r ))<'ri(*liou(lrial 
ia.y(‘r b(‘('onu*s tiiinm*!' Mum (‘V(‘u tlu* con- 
iu*(*(i\'(* tissiK* a,r(*h(*s. d''h(* supraidorsai (‘le- 

m<*!d. n‘l.amus its carMhio’(* aiiid wall (*v(‘nt4ialiy 
b(*. conv<‘rt4*d into a. Im.m* nuuss of boiu*. 

’IMook(‘rj(‘(*'' in collabo ration w'itdi (diatd(*rj(*(‘ 
lia.s showm llu* (*xist(‘n(*(* of {mt(*rior a.iid 
post.<*rior (*onn(*c( iva* I issm* airclu‘s in ('as(* of 
O pliicvphaliiE sloldlvE. ddu* stmu* sort of 
(*onm*(*(.iv(* tassiu* aa’clu*s ha.va* also b(*(*n 
shown by Mook(‘i'j(‘(*' in (‘olhiboralion with 
MidMK*rj(*(* in Mu* (*(*rvi(*al V(‘rl.(‘bra* of 
('firj/s‘<'nij/s hianfiunla. 'riu*r(* is no (h'^'ciu*- 
raf ion of basidorsaJs in Mu* above* tvvo (‘as(*s 
of r(‘|d-il(‘S. 

In ('as(‘ of Ncrfiuics nianilalKE wa* .i>’ot, Mu* 
sa.m<‘ sort of a.nt.(*rior a»ml ))ost(*rior coiuu*(*liv(* 
t'issm* a>rclu‘s, and in b(*tav(‘(‘n Mu* two, Mu*r(‘ 
forms t lu* ('arl.ihiiL‘'inous baisidorstds of (*iMu*r 
sid(‘ with Mu* itd.(*rva‘nMon of siipraidorsal 
al the midulorsal Ihu*. ddu* shaix* of 1-lu* 
anterior and Mu* pos((‘rior conn(*ciiva* tissm* 
a.relu‘s a.n* unlike* Mud. of Mu* Triton, rnlijaris; 
ha.v(* Mu* sha{)(* of (*urva*d air('h(‘s lik(*. tlu* 
ea>rl ihii'’inoiis aaa*h. 'riu* striking*’ diiTcr(*iic(* 
with Trifon ridiforiE is (hat, inst.(‘ad of 
sli.u’hMy snudUu* llum Mu*. (*.a.r(.ihi^»*inous arc'li 
Mu*y an* biju;’^‘(*r tmd Mu*rt* is no i)i’()j(*cli()n 
to form Mu* tlorsal slu*lva‘s. dMu* partly 
(l(*<ji*(*m*n\l(*d ea:rt.ilatL»'inous air(‘.iu‘s an* ailmosl. 
id(*nM(‘a.l iik(* Muti of Triton viii(jaris\ In 
Mu* sanu* way as in Mu* (‘aise* of Triton vvUjarh 
om* (am s(*(‘ in ti s(‘rial iaarnsverst* s(*ctaons 
throu.u’b any (aamk va*rt.(‘brai oMu‘r Mum Mu* 
lirst four, Mu* follow iii^i; stru(d,nr(*s in Mu* 
S(‘ria.l order:— tlu* a,idorior c.omu*c.tiv(‘ tissue*. 
a.reh, t.lu* <*u,rtdlaii»'inous lhi(‘k aredi and the* 
posterior (‘.onm*(*tav(‘ tissm* aiisdi (Kij>’s. l-d). 
A sta.^a*. ol(l(*r tduin this wluua*. t]u‘.r(* has 
b(‘.(*.n a (le*.i^(mc‘rati()rb the ante*.ri()r and the* 
poatauior couneMdiive*. tissue* are*,lK*.s a, re t.hi(*.ker 
than the. d(\i^e*merated cartilaginous arch in 
which the rennaining outer perichondrial 
layer of the basidorsals; looks comparatively 
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Fig. 2. 


thinner than the connective tissue arches. 
These connective tissue arches together with 
the outer perichondrial layer of the carti- 
laginous basidorsals have now become 
osseous (Figs. 4-6). For the sake of com- 
parison we have given the side view of three 
consecutive adult posterior trunk vertebrae 
(Fig. 7) and have marked those planes 
through which the transverse sections would 
have passed. Figs. 1-3 as one lot and 
Figs. 4-6 as another lot correspond more 
or less with the markings on the adult 
vertebrae. 



Figs. 1-3. Photomicrographs of serial transverse 
sections through different regions of a posterior 
trunk vertebra of jiiaculat ns at. 38 mm. 

before the degeneration of basidorsal. X 37 » 3. 



Fig. 4- 


Here we like to suggest that instead of 
calling the anterior and posterior connective 
tissue arches even after they become osseous 
it is better to call them the anterior and 
posterior membrane bone arches. 

^ Eegarding the rib-bearing process and the 
rib of Wectunis maculatus it was Gopperk* 
who suggested that there is haemal arch 
element ^ (basal stump) attached to the 
lateral sides of the centrum. Each of these 
from the middle of its length sends off a 
dorsal process which he called the rib-hearer. 
This passes dorsally to the neural arch and 
laterally to the vertebral artery and then 




I'ig. G- 


I’huttitnict'tu'.raplKi ot Hrrial transverse 
.nr^uinn thi'tnjfjh dittrreiu I’rr.ions ol a posterior 
trunk vertebra <d XtU litriis an/ru/i/Zas at 4 B nuu. 
aftrf the tire eurral lon ol Isniiclorsal. *' 37.3 

t’tHilinut’.s tlorst jca uda 11 y ov<‘r tin* .sarijua^ ol 
I lit' art’ll. Hit' ril) iM'arcr is .s<'pa.ra((.<‘<l (roin 
(lie t’arl ila.uinous arch hy a coniHa'l-ivc 
fissut' t(i star! wilh, which all iina.l <‘ly l)t‘coro<\s 
osstams. h'lirtlu'r lat(*ral to 11 h‘ rib”b(‘a.rcr 
I lit* basal stiiiup con( iiiu(‘s horizontally <^3ul 
f hi* rib is a nitaa* prolon^^al ion of ( his (‘hantail. . 
Still furtlicr latt'ra.l to tliis the rib is dovc- 
lopcti and a dorsal proctsss of which (^xIiCIkIh 
towards 1 ht‘ vtndtdn'a and bts’onuss the dorsal 
laaid of tht' rib. This dorsal proetsss is pro- 
lori,i(i‘d into a lip;anumt which is attached by 
its other <‘nd to a mass of bony tissue 



;i I) (■ 


Fig. 7. 

Side-view of two consecutive adult vertebrae 
of Nrcl lints macnlaliis. x 2*6 
n, h, r are the planes through which Figs. 1 to 3 
and 4 to 6 have passed. 

<h‘V(‘lop(Ml on th(‘ ont.t'r side of the rih- 
b(‘a.r<'r S). 

k 



Transverse section through the trunk vertebra of 
Net turns uni nil al ns at 43 mm. (after Goppert). 

(7/. Notochord; oln Upper arch; />’. Basal stump; 

h. Dorsal prolongation of the same; r. Rib; 
r, . Dorsal rib process ; /. Ligament connecting the 
saiue ; a. Border between rib and basal stump; 
k. and 4’ j Bony tissue; ct'. Vertebral artery. 

Aeeordin<4’ to (bunbh''' tli(‘ nH'St'iichyina- 
|.(M)ns condition (which lu‘ (*idls as ivrolon) 
of (li(‘ rib and ril)d)<‘a.r('r is niadi^ up of a. 
la-rn’to* nnndHM’ of c.(dls whitdi ai^'.ijcre^’aite in 
(‘ont.raist. to lh(^ jiroi-on of pa,ra|)()physis. Tli(‘ 
(irs(> (airt ihiii;!' t>o appt^ar is tlu'. baisal stannp. 
Lal-(‘r (li(‘ pairapopliysis is I'ornK'd as ai latcro- 
dorsal out.^'row'th. Th(‘ (irsl. eiirti]a^>(‘. of 
t.h(‘ rib ap])(‘a.rs dist-ailly mid later nussially. 
Tli(' lirst. call'll lar;g'(‘ of tlu^ ribd)(‘air(‘r Uippi^ars 
at. l.h(‘ Hi(h‘ of t-li(‘ iKuira,! airch. Later, this 
ij(rows vtadirailly aiiid fust's with tlu' distal, 
end of tilu' pa,ra,pophysis, a,nd also diwelops 
(lorso<‘.aiU dally ovt'.r tlu' out(‘r surface of the 
jUMiral air(*h. Tlu' firoxinial (vnd of the rib 
is rcdatiively hi^»h in tlie second and third 
v(‘rl.(d.)rie, ic., it is on a level with the base 
of Qm neural arch. The parapophyses of 
tlie vertebrae in which the rib is high do 
not lie in a horizontal plane, but extend 
dorsolaterally and approach the rib-bearer. 
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Th(‘ ri])-lK‘a,]‘(‘r and tln^ j)a.riii)(){)]iys<‘s do nol 
fut^e niitil relativtdy hit(% \vhil(‘ Uk* ril) Ik‘- 
coiues attacduMl to tli(‘ rib-bearei' Ixdori^ t,lu‘ 
rib-bearer and the parapopliyses eonu^ to- 
o-ethcr. Ill tlie second and tliird vaaii'brie tli(‘ 
capitular as well as tubercular lu^ads of th(‘ 
rib become attacluMl to the correspond ini>* 
processes of the rib-bearer. In these ver- 
tebra th(^ parapophysis takes no <lir(u*t 
part in the formation of tiln^- rib attachnuud. 
apparatus. Here the rib is an indepcmdent. 
element fi'om the stand])oint of its oid.ii'in 
and the connection with the basal stump is 
done at a later sta^’e. In the trunk v(u*- 
tebra? the rib is on a lev(d with tin* iniddl(‘ 
of the centrum. Here, the cajiitular Inud 
of the rib attaches to the parapophysis and 
the tubercular head makes no conmu'.tion 
with any process of the rib-b(‘arer. 
rib-bearer fuses with the distal (md of th(‘ 
parapophysis and as i>Towth talons pla.(U‘ 
the distal end of the para])ophysis (extends 
laterally past this point ol union (Fi^‘. b). 



Fig. 9. 

Transverse section through the trunk vertebra 
of Nccturus niaculaliis (after Gamble). 

.*/. Neural canal; n.a. Neural arch; n.c. Notochord. 

Betw(‘en the dorsal and viutral ('arllla^^’inous 
rods as well as the trails v(‘rs(‘, proeissses a,nd 
tlie two heads of the rib in th(‘ se<*on<l a,n(l 
third vertebraN procartila.s;inous (adls ]K‘rsist. 
whicli by proliferation bring about, th<‘ 
(dongation of the transverse proeess(\s. In 
the trunk vertebnn the liead of tlu' rib has no 
cartilaginous connection with tlu^ rib-b(‘ar(M', 
so this provision just referrixl to is nec(‘ssa,ry 
only in the case of parapophysis. 

Kegarding tlie development of th(‘ rib- 
bearing process and the rib neitlier Cfoppert;'^ 
nor Gamble*’ has given the correct statement. 
Both of them had no idea of the degeneration 
of basidorsal and the existence of’ the ante- 
rior and posterior membrane bone arches in 
each vertebra. Gamble^ has given a figure 
(Fig. 24^ page 558)^ in which he has faith- 


lAi’kih I <165 

rully i'<‘pr(*.s(‘nl od Hk' lliin Imou* 

a.i’(‘li hill as li(‘ had no id<*a of i|s f\ i>l muM'. 
so In* ('onl<l iiol i<i(‘n{il‘y il. In a 1 luuk 
v<‘r((‘I)ra. I In* (irs( chondi’iCical ion thal tako 
pla,(*(‘ iM'gai'ding (In* rib and its associat c ^ 
is t in* basal slniup N\hic}i is on f bo iatma! 
sid(‘ of tin* (‘(‘nti’Uin at tin* niiddlo Irvr! 
(Fig. I). Soon af(<*i’ (his I Inn’o forms ainuh<‘r 
(‘liondrilieal ion which starts from fin* otjlor 
sid(‘ of 1 h<* l>asidorsaI almost at tlio tla^o in 
a. downwa.rd <lii*(*o(ion (o moot (In* bori/.onlal 
})a.sa.l stump (hhg. 2). 'Fiiis downward |)io(*o 
of cart ila.g<‘ is tin* rib lH*aring process uv the 
dia.pophysis. 'bin* vt*r(obral ar(<*ry lio.^ with 
in t in* s{)a.o(* <*nol<»S(‘<{ by 1 ho la’b boa l ing 
pr()(*<‘ss on tin* Ia((*ral sidi* am! tin* ba<al 
stump a.t tin* !H)ttoni very close to tlo* 
(‘.(‘nfruin. lloth (ibpp^'^’l ‘ ‘‘bd Gamble' ha\o 
st.al(‘d a.inl whic'h ha\<* bo<*n i’(‘pr<*som «*d in 
tb(‘ (ignr(‘S giv(‘n b\' (ln‘in (f'lgs. s Ui tha* 
tb<‘ rib b<‘aring [iroooss is situated alniu: lli** 
sid<‘ of (In* basidoi’sal and it risK'lios at a 
consid(*ra.l>Ic ln‘igbl towards the dorr.al ddf', 
As a. niall(‘r of fa(*l in a ti’iink vertebra 
Iiairring tin* first four, the rib b(‘arine pros-u- •. 
do(‘S not- proc<‘<‘d along (In* sith* (d‘ (ho bao 
dorstil towards tin* dorsal side. In the nnaii' 
t.inn* a.not ln‘r ohondritioat ion tak(‘s {>laoo ai 
tin* (‘inl of the basal slump. 'This 
rod-lik(‘ sliaictnro roprosonting (In* vent fa! 
fork of tin* rib (h'ig. .’1). At (in* aniorior 
portion of (In* v<‘i’l(‘ln’a w ln‘ro (boro i •. the 
a.nt(*!*ioi' oonin*otivo ( issue ai’olu oomiot-nAr 
tissin* colls are aggrogalod at (In* hKoial 
sid(‘ of (In* (‘(‘id rum in (In* same lev*! wnfs 
t.ln* bausaf stamp {Mg. 1). 'Pin* saiin* I lunr 
happ(*ns lowa.r<ls (ho post(*ri(n' r<‘gion «>l tin 
V(‘rt.(‘br;i. Idn‘S(‘ 1 w o oonnool i\ o tissno 
galions on I In* (wo fat oral sides of (In* ba-al 
stimij) a,r(* r(*sponsiblo f(H‘ I In* format i«»n oi 
tin* hori/amtal wing like thin o.^s<•nl^ [no 
(*<‘SS(‘S which W ihh*!’"' has drawn altcntioii 
t.o in his d(‘script ion of tin* adult skclofnu 
ddn* c(>nin*<'t.i VO (issue aggrogatious in ifue:'- 
t-ioii h<‘conn* o,ss(*ons withoni passing thr(n{L’h 
tin* sta.g(‘ of ('hoinl ri lioa I ion as thin itnnn 
brjiin* boin*s. .\i (In* posloi'ior portion of 
t'hc v<*rtobi'a. win‘r<‘ I hero forms tin* postnioi 
coniu'cli v(* (issiK* aroh, aindhor condonsa! iim 
of (‘onm*i‘Iiv(* t issm* lakes piaot* a! fin- 
d()rsolaI<‘ra.l sid(*s of tin* arch, at a higher 
Iev(‘l t-lum tin* n{)[)(*r <*nd of (he rib bearer 
(Fig. ,1). hh'oin lln*s<* eondensat ion.s a thin 
band ol <*.omn*<‘t.ive tissue e(*Ils is projt*e!e«i 
v(*.nt.r()la.t<*ra.lwa,rds in ea(*h ease. 'This eon 
dens*a,tion of e.onn(‘(*t ivo tissue (‘elks at lln* 
dorsolat(‘nd sid(*s of tin* post(‘rlnr e(JU!n*(*t iv o 
tissue arch in (*aeh V(*rt.(*bra> b(*com(*s oss(*ous 
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as membrane bone without passing through 
the stage of chondrification forming the 
diapo.physis of the posterior membrane bone 
arch (Fig. 6). The projected ventrolateral 
bands of connective tissue articulates with 
the rod-like rib a little below the tip forming 
the dorsal fork of it (Fig. 6). So that the 
dorsal fork of the rib of the trunk vertebra 
other than the second to fourth is a mem- 
brane bone. One point that we shall like 
to point out that the connective tisvsue that 
articulates the membrane-bone-diapophysis 
with the cartilaginous rod of the rib, the 
whole of it is never converted into bone but 
only that portion of it becomes membrane 
bone which forms the dorsal fork of the rib. 
Between the dorsal membrane bone fork of 
the rib and the membrane bone diapophysis 
the connective tissue band becomes a liga- 
ment. At a later stage all the cartilaginous 
structures of the rib and its associates 
become osseous. Subsequently the space 
between the membrane bone diapophysis 
on the dorsal side and the osseous basal 
stump at the ventral side which was filled 
up by loose connective tissue also becomes a 
thin sheet of vertical membrane bone (Fig. 10), 

18 20 



Fig. lO. 

Posterior view of an adult posterior trunk vertebra 
of Nccturiis maculatns. x 2-7 

which Wilder^ ° in his description has referred 
to and which Gamble^ has shown as merged in 
with the rib-bearing process. In the ver- 
tebrae from second to fourth the cartilagi- 
nous rib-bearer starts a little higher in level 
and it is formed along the side of the basi- 
dorsal (Fig. 11). In the meantime the 
cartilaginous basal stump goes upwards to 
meet the lower tip of the rib-bearing process. 
The vertebral artery lies within the curvature 
of the basal stump (Fig. 12). The rib-bearer 
sends side processes, one from the dorsal 
portion, a little downwards from the dorsal 
extremity and the other from the point of 
union of the rib-bearer and the basal stump. 
Eeally speaking the ventral projection is the 
prolongation of the basal stump. The rib 



has two forked processes which are articu- 
lated wdth the two dorsolateral projections 
just mentioned (Fig. 13). The ventral fork 
of the rib is the capitulum and the dorsal 
fork is the tuber culum. These two forks 
meet together to form the base of the rib. 
We like to point out here that Gamble^ is 
w-rong in saying that the rib is an independent 
structure and has nothing to do with the 
basal stump or parapophysis. As a matter 
of fact the basal stump articulates first with 
the rib-bearer and from the point of union 
the basal stump is prolonged as a lateral 
outgrowth. The posterior membrane bone 
arch has also the membrane bone diapo- 
physis which can be found as a projection on 




the top of the cartilaginous diapophysis. 
So in these vertebrse when ossification takes 
place the two forks of the bifid rib become 
stout rods of bone articulating with the two 
rods, one with the dorsal diapophysis and 
the other with the ventral parapophysis 
(Fig. 14). For the sake of comparison we 
have given the side view of the second, third 
and fourth vertebrae (Fig. 14) and have 
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Fig. 13. 

Figs. 11-13. Photomicrographs of serial tranverse 
sections through different regions of the anterior 
trunk (second) vertebra of Necliinis macula I us 
at 38 rnm. before the degeneration of basidorsal. 
X 31*5, 



a b c 

Fig. 14. 

Side-view of the second, third and fourth trunk 
vertebrcC of Ncc turns macula I us. X 2*4. 
a, b, c are the planes through which Figs. 11 to 13 
have passed. 


marked those planes through whioh the 
transverse sections (Figs. 11-13) would liave 
passed. 

From the lignres (Figs. 8-9) given hy 
Goppert'- and Gamble'’ one is inclined to 
think that both of them studied the anterior 
trunk, vertebrae- and tried to correlate with 
the adult posterior trunk vertehrae, other- 
wise they would not have mentioned tliat 
the rib-bearing process goes along the- dorso- 
lateral side of the basidorsal. The state- 
ment of Gbpperk^ is certainly better of tlie 
two workers when lie has stated that there 
is an. osseous element outside the rib-bearing 
lirocess but Gamble'’ instead of advancing 
the idea has merged the membrane bone 


scmscp. [Aprii. 1935 


(liapopliysis along with the cartilage bone 
of tile rib-bearing process. 
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NninbcruKj, 


1. Prezyj^apophysis. 

2. Spinal cord. 

3. Anterior connective tissue arcli. 

4. Basidors<aI. 

5. Basal stump. 

0. Rib-bearing ]>i*occss. 

7. Snpradorsal. 

8. Tliickooing of the connective tis.sue cells for 
ITie roriiiation of the morr)brane bone .diapopliysis. 

9. Gonnoctive tissue b<*in(l for the formation of 
the ligaiYumt. 

10. Posterior connective tissue areli. 

11. Rib. 

12. Notochord. 

1 3 . V erteb ra I a I’to r y . 

M. Membrane l)one ])rocess for the formation of 
tlie liori/outal wing of the centrum. 

15, Degeneration of the cartilaginous cells a,iid 
the inner perichoadrial layer of the basidorsal. 

1(). Morabra.ne bone dia.popliysis. 

.17. Connective tissue for tlie formation of the 
vertical membrane bone of the rib-bearing 
process. 

18. Tuberculum. 

10. Capitulum. 

20. Ligament. 

21. Vortical membrane bone of the rib-bearing 
process. 

22 . Po.st-zygapophysis. 

23. Intervertebral connective tissue cells that 
have migrated inside to form the intervertebral 
ligament. 
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Report of the Minister of Agriculture for the Dominion of Canada for the 

year ended March 1933. 


rpiIE Canadian Ministry of Agricultui’e 
deals with a wide variety of agricultural 
activities covering every kind of agricultural 
interest which for coinprehensivc^ness is not 
equalled by any other country. The record 
relates to the work of the Central Farm with 
its fourteen divisions, the work on the thirty 
Branch Farms and Stations and the depart- 
ments of Dairy and Cold Storage, Health of 
Animals, Livestock, Seeds, Entomology, 
Fruits, Agricultural Economics and Publi- 
cations. What a wide field is covered will 
perhaps be appreciated best when we point 
out that the Ministry controls even betting 
on race courses, a subject which one would 
liardly think of bringing within the ambit of 
agricidture. Details about the subject such 
as number of race meetings and racing days, 
amounts of money wagered, prize money, 
etc., are given with the same care and 
thoroughness as those relating, for instance, 
to manurial experiments, nutrition studies, 
releases of parasitic insects and the hundred 
other matters which one usually associates 
with a department of agriculture. Tliis only 
shows in what an intimate manner the 
State concerns itself with the welfare of its 
foremost industry, investigating, directing, 
controlling and advising at almost every 
point. We may draw attention to another 
aspect of its work which marks it out as 
conspicuously different from what obtains 
in India, vt., the extent of agricultural 
legislation and the administration of the 
numerous Acts passed thereunder. These 
deal with a variety of matters such as pest 
and weed control, guarantees of purity in 
seeds, fertilisers and feeds, disease control 
of livestock including bees, export and im- 
port control in respect of grades and stand- 
ards of quality, packing, warehouse equip- 
ment, creamery, canning-house and elevator 
requirements and so on, a wide range of 
legislative control all calculated to advance 
the permanent interests of agriculture and 
the community though perhaps irksome and 
harassing to the individual. The Indian 
farmer is in the enjoyment of a blissful 
freedom in this respect — a freedom as bliss- 
ful as that which permits smoking near a 
haystack. When one thinks of the preva- 
lence of crop pests, contagious diseases of 
cattle and the confusion in the marketing 
methods in this country, one would welcome 


a powerful and liberal measure of reining in 
of this unholy freedom. The strict control 
methods have enabled the Dominion to 
benefit substantially by arrangements like 
the Ottawa Pact -which, we are told, has 
materially increased the export trade in the 
United Kingdom. 

We may now refer to some of the important 
items among the strictly agricultural activi- 
ties of the department. One which is of 
timely interest in Mysore is the success which 
has attended what is called the biological 
method of insect control. The Lecanmm 
scale is said to have been practically exter- 
mina-^ed by this method, while against other 
important pests like the Oriental fruit 
moth, the satin moth, the green house 
white fly, the wheat stem saw fly and the 
corn borer, suitable parasites have been 
liberated with sativsfactory results. M^e hope 
similar success will attend our own attempts 
in Mysore against the sugarcane borers. 
The increasingly large distribution of bac- 
terial cultures of legumes is noteworthy 
in as mucli as it indicates that the true place 
of this method has at last been recognised, 
after the boom it once enjoyed and the 
disaj)pointment it caused when the unduly 
high expectations were not realised. In the 
Division of Chemistry, experiments on pas- 
ture manuring and management, confirm 
the now accepted conclusion that the stock 
carrying capacity is increased if the herbage 
is grazed quite young. The work, relating 
to “quality” in j)roduce such as protein and 
oil content in soyabeans, nicotine content 
of tobacco as related to “harshness” in 
smoking, is interesting and is worth being 
copied in India in regard to the chief pro- 
ducts here. Manurial experiments bulk 
largely as usual in this Division ; the results 
indicate the need for complete fertilisers 
including a suitable proportion of potash, 
an ingredient to which Indian soils have not 
always responded, at least as regards the 
quantity of produce. The Publicity and 
Extension Division maintains its high level 
as a model for propaganda methods. One 
of the happ 3 ^ features of this work is the 
intelligent response of the farmers them- 
selves as evidenced by the co-operative 
experiments and the readiness with which 
questionnaires are answered. The various 
marketing and other surveys and studies of 
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the results of work are rcMKUM'c'd (^asy and 
efficient by this attitude oi th(‘ ranniiij»' 
comniuiiity and the report Ix^ars ainpl(‘ c\\- 
dence of the advanta^:»-es tluit. 1 kiv(‘ a.(*.(*ru(*d 
thereby. The record ol! tlu^ y(‘ar’s work 


justifies 1di(‘ liio'h r(‘[)utation which the 
(huia,dia,n I)(‘pa,rt-uient of Ao'nculture enjoys 
for t li(^ (d1[i(^i(au*y and diviu'sity of its services. 

A. K. y. 


The Indian Lac Industry. 


T O an economically .impovuudslKMl (*ountry 
like India, tlie preservation a.nd (Ex- 
pansion of its indigxmous iiidustib's should 
be a matter of deep com^ern to ilu^. Oovhm'u- 
ment and to tlie large niimlxn* of peo])le 
who make tludr living in tlu^ industry. 
The Indian Lac Industry support-s a, la.rg(^ 
population of village tribes who cultivat.e hic, 
petty contractors who collect the raw nia.t<^- 
rial and a uiimber of skilhxl labourer’s con- 
nected with the conversion of stick lac- 
from forests into tlie sliellac- of (xunnur-ce. 

The entire bulk of this prodiu’-e is (E\port(xl 
away to Europe and America wluu’e th(‘. 
commodity enters into the manufaciurc of 
a variety of products. The continued pros- 
perity of the Indian Lac Industry th(u■(^for(^ 
is closely linked up with an (‘xi)aiision of 
its consuming industries and an (extension 
of its uses based on industrial rc^search. 

The Government of India in pursuamH^. of 
its policy of supporting indigenous industries 
levied a cess on the export of hic tlu‘. pro- 
ceeds of which have since been utilis<‘d foi’ 
propapnda, marketing and rc'scEirch. The 
founding of a Lac Researcli Institut.i^ at 
Ranchi, the appointment of a Sp(Hiial Lac 
Enquiry Officer in London and more reruuitly 
the deputation of three Indian Ihvseaj’cii 
Workers to England are the tlirei^ land- 
marks in the scheme of stabilising the 
industry. 

We have now before us a volume on 
'Tac and the Indian Lac Research Insti- 
tute” by the three principal officers of tlu^. 
Lac Research Institute at Ran(dii, during 
the last ten years of its existemexE We 
have also been favoured with a copy of tlie 
technical paper on 'Tsolation of Pure Lac 
Resin”, the first fruits of the Indian 


r(‘S(Eir('h \vork(‘rs uiuffir tlie auspices of the 
London Sludlac- IL\s(Eirch Burc^au. 

Ihio. annual r(‘porl: of the Special Officer 
is a.n int.(n‘(^stlng docinmmt. In the first 
pla(*<‘, tlu^ work since its incei 3 tion upto 
B 1 st- M.ar(‘h IfiB l has cost the Indian Govern- 
inent Rs. lifijOOO : Wliat is the return f 
one is (mtithxl to ask. 

The British nianufacturers are evincing 
some int(n‘(ESt in hu*. and the Special Lao 
Enquiry Oiluxu- has (\stablish(‘d and maiii- 
tairuxl fruitful (‘.oniu'ctions with (Experts in 
(bwmany and AnuM’iea. He is also engaged 
in diss(uninat.ing t.(‘.(*l inical information le- 
garding th(^ us(^s of hio. He has also been 
doing gr(Eit s(n’vic(‘ to the Indian Lac In- 
dust.ry by orga-nising (exhibitions, writing 
articles on hu*. in irnport.ant flournals and 
Y('.ar Rooks, phuKling for a more extensive 
use of la(*.. Uiuhu’ tlici ge.mu’al advice and 
ans])i(‘es of aiU Advisory Committee, the 
London Sludlae Bureau is carrying out 
(*.(‘rt.ain pi(*(*(‘s of inv(\st:igation relating to 
lac ; HO fa.r, (E\'(*(q)tr for tlx^ fact that a few 
pronnsing liiu^s of iiujuiry have been initiated, 
notliijig v(M‘y stu’iking or useful has yet 
(*.om(‘. out: of tlusse (‘udeavours. 

Wliat. is most: luxxhxl for the India.!! Lac 
Industry is spixxling up of rc\s(>arch wliidi 
nuEins t.hat all our r(^s(>urc(^s, money, talent 
and la.boralory ra:(*ilitl(‘s not only in Great 
Rrit.a.in but. also in India should be harnes.sed. 

We should lia.v(^ a. parallel Advisory Board 
in India who will a.rrange for certain 
])i(M*.(‘s of woi’k r(vla.t:ing to lac to be conducted 
in Uiiiv(U‘sit:i(\s and Rc^.scuirch Institutes who 
will gladly ta:k(^ up such problems. A move 
ill tliis dirc'ction will speed up the progress 
of resea:rc]i on lac. 


M. S. 
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Research Notes. 


Metrical Problems of Continued- Fraction- 
Theory. 

Khintchine {Comp. Math., 1 , 361-382) has 
analysed the general nature of the continued 
fraction development of an irrational number 
in a very interesting way, — i.e., tliose pro- 
perties which hold good for almost all 
numbers. Suppose a represents any number 
between 0 and 1 ; and let 


+ 1+1 + 


a.. 


+ 


or 




■] 


Tins bit of 


say in any abridged form. Let mn (co) be the 
measure of the aggregate of values a for 

which Zn (a) = [«-//,+i, ] < ^ < 1 ; 

then it has been shewn by Gauss that 

72- CO ' Log 2 

Gauss’s work was forgotten until Kuzmin 
[Atti. del. Congr Intern. Bologna, 1928, 6 , 
83] gave a proof of the result and also ex- 
tended it. Some more important results 
had been obtained by Bernstein and Borel ; 
the chief result being — If <!> (n) is an increas- 
ing function then the result an. 0 [ ^ f'/?)] 

is true or false according as U — is con- 

cl>{n) 

vergent or divergent. (It is to be noted that 
a set of values whose measure is zero is 
always excluded.) Some more results were 
obtained by Khintchine Jiimself during 
1923-25. These results have now been 
extended and beautifully precised. After 
proving some lemmas he obtained a general 
result which is of great interest. The first 

lemma is this : — Let E ' **' be the 

\ Tj, r.j, •••, r/J 

measure of the aggregate of values a for 
which 

an^ ^ ri[t == 1, 2, 3 . . K]- If the W/’s are 
all different then we have 




c 


Now 


where C is an absolute constant. 

Gauss has shewn that 

(^)] and 


m'„ (:k) = i G;+J 

7jzz=l 


By constructing similar functional equations 
and using a lemma of Kuzmin he generalises 
his earlier result into 


>’2 )+ 


Log 


< Be 




where n^ < n.. < .... < nj: < %+ij and B and 
/3 being arbitrary constants. Utilising these 
results he proves the following important 
result : — Let f(r) be a positive function of r 
such that /(r) < where Ic and S are 

two absolute positive constants. Then 


Lim 


— Z! 

71 — >00 71 


k = 1 

Log [ 1 + 


/ («/;) 
+7+2) ] 


00 

f(r) 

r= 1 


Log 2 

for almost all values of a. If we take/(r) == 
Log r then we get the interesting result that 

' 00 

Lt (a,, •: n Ch !— ') 


ryi 00 

Log r 


2.6 


^ T'r-\r'>) 

for almost all values of a. 


Log 2 

It is of course obvious that we cannot 
obtain in a similar way a corresponding 
result for the arithmetic mean. The diffi- 
culty of this problem was already pointed 
out by Borel and Bernstein. By means of 
these methods alone the following result has 
been obtained : — 

For every € > 0, 


E 


S,. log 2 
n log n 


1 

71 CO 


0 


as 


where S,, = Z a/.. This is not i*eally equal 
k=l 


to the result that - 


S. 


'n log n log ; 


for almost all 

S. 


a. In fact it is known that Lim . 

n log n 

is infinite. Another interesting result is that 

00 

Z is divergent for almost all 

77 = 1 

values of a. 

K. V. 1. 
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A Problem concerning Orthogonal 
Polynomials, 

SZEGO (Trans. Am. Math. Boe., 37, 1, pp. 196- 
2 '’6) has proved certain interesting results in 
connection with the existence of two Jordan 
curves possessing a common system of 
orthogonal potynomials. Particular cases of 
such curves are (1) concentric circles for 
which 1, c', .c;-,. . . s",. . . are the correspond- 
ing orthogonal polynomials with weight- 
function unity, and (2) confocal ellipses 
with foci at ±1 for which the Tchebechef 
polynomials have the orthogonal property 
with weight-function | 1 — | Although 
he has not solved the general problem he 
has obtained the following two results 
which forms a very decisive step in the 
solution of the general problem. The first 
theorem runs as follows : 

Given two analytic Jordan curves 0^ and 
Cl, and two continuous positive functions 
n[ (c) and (;3) as the respective weight- 
functions and if they possess the same- 
system of orthogonal polynomials then one 
curve say must contain the other O 2 and 
Cl is a level curve obtained through the 
conformal transformation of the outer region 
(0.,) into the exterior of a circle, the point 
at’ 00 being a fixed point; and there exists 
an analytic function D (z) regular and 0 
outside Co (.c;=c>o is to he considered as an 
inside point) such that — 

I -=n^{z) for points on C^, and 

Lim. I D(.^) -=r.n,Xz ) for Z on C.,. 

z-^z. 

It is also easily seen that the method of 
proof applies for more general curves also. 
He has also determined all Jordan curves C 
and all analytic functions D (s) regular and 
=^0 outside C which possess the property 
that if C;. be a level curve (the transformation 
being the same as in the previous theorem) 
then the set of orthogonal polynomials with 
weight-function | | “ are independent 

of r. He has proved that there are only 
five essentially different cases (ignoring 
multiplication by means of a certain constant 
and linear transformation). He has also 
given short and elegant proofs of the ortho- 
gonality property in these particular cases. 


Ratio of the Magnetic Moments of the Proton 
and the Denton. 

The magnetic moments of the proton and 
the deuton have been determined by the 
molectdar ray method by Stern and by 


Rabi, but there is some discrepancy between 
their results. The ratio of the magnetic 
moments of the two particles is not therefore 
known with certainty. Now Tj. Farkas and 
A. Farkas (Nature., 1935, 135, 372) have 
calculated the ratio of the magnetic moments 
of the two particles in question by comparing 
the rates of the reactions 


ortho-Ho +02:^para-H2 +0., (1) 

and ortho-D^ +^ 2 '^pajra-Jl 2 4 Go ( 2 ) 

The calculation is made according to the for- 


mula of Kalckar and Teller : 



a Ic 


(2t) 

H- 



where a is a constant = 1 *12 for T> 120° K. 


and =1*18 at T=83° K and and 

cx^ Do 

are the velocity constants for the reaction 
(1) at 2T and for (2) at T. The values 
obtained arc =3 • 85, 4 > 03 and 4 * 07 

respectively at 83°, 193° and 293° K. The 
variation is within the experimental error 
which is less than 5%. 

T. S. S. 


The Electronic Charge. 

There is still an unsolved difficulty regard- 
ing the correct value of the charge on the 
electron. The oil-drop method of Millikan 
and its results have been discussed by 
Birge and yield the value 4 -768 
•Jr 0 -005 X 10" e.s.u. for the electronic charge. 
The value obtained by using the accepted 
structure and constants of calcitc and the 
wavelengths of X-rays determined by means 
of a grating is much higlier. Racklin has 
recently repeated liis measurements with 
greater accuraey and arrives at a value 
4-805x10"*^^ e.s.u. by tliis method. Now 
Schopp)er lias determined e hy finding the 
total charge carried by a caiunted number of 
a-particles and finds that c=4 -768 xlO"’" 
e.s.u. in very good conformity with the 
oil-drop value. Birge and McMillan (Phys. 
Eev.^ 1935, 47 , 320) have rediscussed the re- 
sults of Schopper and come to tlie conclusion 
that e —4 • 780 x 1 0“ ‘ e.s.u. This is 0 *25 % 
above the oil-drop value but is far lower 
than tlie value obtained from tlie grating 
measurements. A. E. Ruark (Phys. Rev., 
1935, 47 , 316) discusses the discrepancy 
between the crystal and ruled-grating wave- 
lengths and shows that if Backlin’s value 
6=4-805 e.s.u. (which is in very 

good agreement with Bearden’s value 
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4 -806 xl0’*“ ± 0 'OOS xl0'‘") is used toge- 
ther with the value of-^= (1-7579 ±0-0003) 

m 

xlO^ (e.m.u./g) obtained by Shane and 
Spedding, the discrepancy between the 
measured energy of photoelectrons and 
that calculated from X-ray wavelengths 
vanishes. This higher value of e leads to 
1/a— 137*04 while Eddington's theory re- 
quires it to be 137. It thus seems as if the 
liigher value for e is more satisfactory, but 
then the lower values obtained by the direct 
methods of Millikan and Schoxoper remain 
unexplained. 

T. S. S. 


Inter-molecular Compounds and Raman 
Spectra. 

It is well known that alcohol, ether, ketone 
and aldehyde molecules form addition com- 
plexes with inorganic acids and metallic 
halides, but regarding the nature of the com- 
plexes, whether they are valency compounds 
(quadrivalent oxygen, oxonium form), co- 
ordinative compounds (trivalent oxygen, 
onium form) or merely molecules held to- 
gether by Van der Waal’s, dipole, and such 
forces, only indefinite qualitative notions 
exist. Generalisations and analogy consi- 
derations are dangerous in this field of 
chemistry, and extensive physical investi- 
gations are greatly needed, G. Briegieb and 
W. Laux^pe (Zeit. physikal Ch, (B), 1935, 23, 
154) show that as Raman spectra furnish 
an insight into the symmetry and binding 
state of molecules, a comx3arison of the 
spectra of a molecular comx)ound with those 
of the components should give information 
about the changes in the symmetry and the 
binding state of the components caused by 
the molecular compound formation. In- 
vestigations carried out hitherto however 
show that no marked changes in the sijectra 
are to be found when complexes are formed 
between like or unlike molecules solely on 
account of weak secondary valency forces. 
In the present paper a study of two definite 
molecular compounds HBr-ethyl ether, and 
SnCl^^-ethyl ether is reported. At room tem- 
peratures, a solution of PIBr in ether gave 
the characteristic frequencies of ethyl bro- 
mide and thus showed that here the compo- 
nent molecules have actually reacted with 
each other. At —40° however, a new 
spectrum different to that of the component 
molecules was obtained, corresponding to 
the existence of ^ definite inter-molecular 


compound. In the second case investigated, 
the frequencies of SnOl^ were found to be 
considerably influenced possibly on account 
of a distortion caused by the neighbouring 
ether molecule. Further details and other 
studies are to be reported later. 

M. A. G. 


Radioactivity of Potassium and Rubidium. 

The emission of ^-rays by Potassium and 
Rubidium has been known for some time, 
but tlie problem of deciding the exact 
nature of the disintegration process has been 
offering various theoretical and experimental 
difficulties. The long life period of Po- 
tassium and Rubidium and the high velocity 
of the ]8-rays emitted by them are not to be 
expected from theoretical considerations. 
Klemperer (Proc. Roy. Soc., 1935, 148 , 638) 
has critically examined the different schemes 
suggested by Gainow^ for the disintegration 
process. (1) Simultaneous emission of 2 
^-rays for each decaying atom. (2) An a-ray 
change followed by a fast /S-ray change. (3) 
The Oa and Sr formed as a result of slow /3-ray 
(diange from K and Rb respectively, may 
decay rapidly giving fast j8-rays. Klemperer 
has finally arrived at tln^ conclusion that 
the radio activity is not due to K.^,, and K^^ 
but to and in the (*.ase of Rubidium to 
The process suggested is as follows : — 
Kfi; ->/S+(.k!i 
Rb;i^~>^+SrS^ 

Of the two groups of ^-rays emitted, one 
of them may be connected with y-ray 
emission. It has been shown that KtH has 
a resultant nuclear sx)in of 4 or 5 while CaoJI 
has zero sx3in. Since according to the 
Fermi theory the life-time of a p emitting 
radio element depends upon the initial and 
final spin of the nucleus, the contradiction 
between half life period and ^-ray activity 
of Potassium and Rubidium is cleared up. 

M. P. V. 


Distillation with Mercury Vapour. 

Distillation with steam is a well-known 
and important method used widely in the 
separation and purification of organic com- 
pounds. For substances of boiling point 
400° or over, however, this method cannot 
be employed. H. Decker (Per., 1934, 67, 
1636) has now carried out some successful 
experiments using mercury in the place of 
steam. He finds that many high boiling 
compounds go over with naercury nearly 
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a liiindred degrees 'below their boiling point, 
the Tolume of mercury coming over, in the 
cases investigated being but 1/10 of the 
distillate. The distillation can be carried 
out in a perfectly smooth manner. Indigo, 
chrysen and pyren are among those tried. 
It should be possible to distil out the high 
boiling compounds from such substances as 
resins and pitch, and the various other 
possibilities of this method have yet to be 
worked out. 

M. A. a. 


Action of Water 

on the Latent Photographic Image. 

FormatiotnT of a flat image, if considerable 
time elapses between the exposure and de- 
velopment of photographic emulsion kept in a 
warm humid climate is a common experience. 
Howard James and co-workers (J. Fhys. 
Ghem.^^ 1934, 38, 1211) have made systematic 
investigations on the role played by water 
in the above effect. If Azo emulsion is 
exposed to light so as to produce a consi- 
derable developable density, the latent 
image is either reduced or completely de- 
stroyed by the action of water vapour for 
several hours. Bromide emulsion requires 
longer treatment with water vapour. The 
dried emulsion gives a satisfactory print on 
second exposure. Formic acid, acetic acid 
vapours and liquid ethylene glycol are even 
more effective than water vapour. Ether, 
ethonol (absolute), carbon tetrachloride, 
carbon disulphide, benzene and nitro-ben- 
zene are however without any appreciable 
effect, in the vapour phase. The softening 
action common to the first group of sub- 
stances on gelatin, probably facilitates the 
reversal of the exposed grain. 

According to photographic theory, ex- 
posure of the emulsion to light results in 
the liberation of equivalent quantities of 
silver and halogen and the latter taken up 
by “the halogen acceptor”. Gelatin in 
gelatin emulsion usually plays the r51e of 
the halogen acceptor. A more powerful 
halogen acceptor, like silver nitrate in the 
gelatin emulsion, will prevent the action of 
water vapour on the reversal. Complete 
destruction of the image is not possible 
unless the light exposure is small, and the 
amount of residual density increases with 
the period of exposure. On strong exposure 
some of the halogen is probably removed 
from the sphere of action and consequently 
the image cannot be completely destroyed. 


Water vapour has also sensitising action -on 
the emulsion. The unexposed emulsion on 
treatment with water vapour and drying 
acquires increased sensitivity. Water vapour 
treatment over several days produces fog 
which resembles very closely that due to 
age (age mottle). 

K. S. E. 


The Cotton Wilt Disease in Bombay. 

A full and connected account of the ten 
year research work on the Wilt Disease of 
Cotton carried out as one of the research 
schemes financed by the Indian Central 
Committee by Mr. G. S. Kulkarni and his 
assistants on the Dharwar Experiment Sta- 
tion appears in the Indian Journal of Agri- 
cultural Science, Vol. 4, Part VI. The 
studies have related to practically every 
relevant factor but from the point of view 
of controlling the disease they have yielded 
no useful results. In the last resort the 
breeding of resistant types appears to be the 
most promising line of work. Eesistant 
types evolved by selection alone proved low 
yielders and therefore commercially of little 
value. The need for combining resistance 
with high yield by cross-breeding and also of 
a study of the different physiological strains 
of the fungus itself together with the reaction 
of the types of plants evolved to each of 
these strains is indicated. The observation 
that soil temperatures .between 20° C. and 
27° G. constitute the optimum for the deve- 
lopment of the disease is made use of in a 
technique for testing types for wilt resist- 
ance rapidly. Provincial research to evolve 
types suited to the different important 
cotton tracts appears to be the only means 
of solving the difficulty. 


The Farm Cart with Pneumatic Dunlop Tyres. 

Eesults of comparative tests regarding the 
performance of farm carts fitted with pneu- 
matic tyres as against the ordinary steel 
tyred carts are summarised in the Journal 
of Agriculture and Live-stock in India, 
Vol. 5, Part I. The summary relates to 
trials conducted in Lyallpur in the Punjab 
and at the Agricultural College Farm, Poona. 
The draft Avith the rubber-tyred cart is 
greatly reduced, the reduction varying from 
26 to 39 per cent, depending upon the load 
carried and the kind of road traversed. 
With a draft ranging between 200 lbs. and 
250 lbs. the country cart pulls a load of one 
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Ion whilr |}i(‘ I'uhfH'r I \ i'(m 1 riirl, pulls <Ml)<)ui, 
|n\(> h)t!s. rt‘ln)iiu;: lo <lnru.hililv nvc 

si ill want inn and 1 ho roialiv(‘ cosls 1‘o'r Mio 
now o(jnipmont nvoi* a ri'asonahly loiio* 
wan’kiiiy piaa’od ha\(‘ slid to \h^ \vo!‘k<sl out. 

l Yoduclion t'f Canesip'.ar in India in 1933-34. 

S(o\K’ 1 (‘t*hnid(»i 4 is| It) Mk^ (iovoi‘i\- 
nn‘iil of ! ndia <‘s an aoooiml oF I }i(‘ p!‘oi;’r<‘s’s 
of suo.ar making in India <lurini( 19:k*>--;tj 
in 1 in* -/o/o’/ad o/ Aifrit Kliun' timl Lir< ~s((wl: 
iji I lid <i, \ ol. I‘arl I. I'ho nmnhor of 
raoloi’ios that \\ork<Mi dnrin,!i: (In* yoai* was 
1!'! as a'ljainsl di dui'iny I In* [»i‘(‘vioiis y(*aj‘, 
a t i'ldy aslonishinv; ad\ ano(‘ din* oorla.inlv 
to t ho pi'otooli(ni wliii'h tin* siiyar iinhistiw 
now roooi\i‘s. About lb",, (d‘ tin* Taotoriiss 
\\orko(* bi‘two<*n l.btt and 171 days, ‘dO'h, 
\vork(‘d bol\\oi*n r.i.b and 1 <lays, a-bout. 
‘Jl'h, workod bot\\<*on 1 00 aiui 125 da-ys 
anil woi'kod b(‘t\\o(‘n 7b and 100 days. 

< )idy oin* faotorN \\ork<*d up to 200 <lays a.nd 
Olio likowiso (»\ot' 200 days, d'ln* \vorkin<j;* 
s(‘ason of tin* i‘<*nia iud(‘r was uinlor 7b days, 
ddio maxinmni daily ornsbiu.u' for any Fa.i*- 
torv was I,(i0l t ons (d' oain*, whih* (ho lowa*st 
was onl\ lb tons. 'Tin* outturn oT suL»:ar 
por ('Old. (*ano orii.sliod taking’ all-India. 
(i,>iur(*,N ad\an<'«‘d onl\ slijniiily ovi'i* I.Iios(‘ 
of pro\ ions yoars, b(*in.u’ unly S*S0, vvliinb 
(*oinpar(‘d with the II lo 12",, out-turns of 
rlava shoidd bo do(‘inod to lx* low. ''rin* 
<laina,uo dm* to frost, Hoods and ins<‘ot. p(‘st.s, 
and tin* disastrous (*art h<(uak<‘ whio-h 
ooourn’d in rdiiar, w<‘r<‘ r(‘sponsibl<‘ for t-Iu* 
low outturn and tin* shorlon(*d crushing’ 
season of many factories, d'ln^ ''r(‘<*lmolo- 
ii'isl slronuiy stresses (In* import an<‘(‘ of w(‘ll- 
(pialili<‘d t(*<*{mi<*al (‘sp<‘rts in tin* fa.c(-ori(‘s lo 
i'nsure (*!Hei(*nl w'orkinu,'. H'ln* t-ota-l pro- 
duction id’ suyar for (In* vi*ar was (53,905 
tons as aimiust 290,177 (ons in 19.32-33. 

I'he Utilisation of Ctuic Molasses as Cattle 
Fccd- 

Lmui Si\tm I’ecords sonu* fiirMn*!* observa- 
tions on these trials in the tloiirnal of A(jri- 
c?//bo'r (Uid fdirr s{(>(d\ lu ! ndUi^ Vol. 5, 
Tart 1. 33ics(* fur(lu‘r I ria-Is <lis<‘los(‘ 

ratlicr important result I ha-t- (*a.t.t<le .bMl on 
molasses in tin* summ(*r montJis are. inju- 
riously affect e<i. It is r(‘<*ommen(Ied t-liat 
molassi*s feedin.u’ In* eonlimsl t-o t.lie whiieT 
months and up to a- (|uant.iiy of 2 lbs. per 
animal. 


The Pollination of the Apple. 

Viou-Y int.er(‘st.ini»‘ obs(‘rva,tions of miudi 
pra.('iiea.l import.a.n(*(‘ imiidi* as l-ln* r(\snlt of 
a. four y(*a.rs' staidy arc* r(‘('ord(*(l in lUdlvtm 
No, 102 — N<wv Seri(‘s, of the Canadian De- 
pa, i*t.ni<*ni. of Ac'ri('ultur(‘. All varieties of 
ap])i(*s ])ro(lu(u* bi*tt.(n* ero])s wlien (*.ross- 
poilina.l.(*d wit h a.notin*!’ suitable v'ariety with 
t-ln* (‘xe.(‘pt,ion of ‘Tbildwiir’ wdiieh is self- 
fruitful. 33n‘r(* is inueli (li.lT(‘r(*ne(‘ in n*- 
sp(‘e.l, of tin* siiitabilit.y of vari(‘bi(*s as eross- 
jiollina-t.ors, and a, list- of t hose* suitable and 
nnsnita,bl(‘ a.monn’ Dn* ordinary (a)inni(*i-(*iarl 
va.ri(*t.ii‘s is a'ivmi. AmonL>: ibe fonner an* 
AU‘xa.nd(*r, ( 'ox's ora,nL»’(‘, rionathan. Home 
I>(*a.ut.y, whih*. amon^' the ja,tt(*r (iemro 
I>l<*nln*im, Ura.V(*nst(‘in and Hiliston. A. 
s(*(*ond [)oint br()ni»*ht out is tliat inseet 
poIlina,t.ors a.n* r('(|nir(‘(l by all varic'ties, 
wind f)()lliiia.t.iou aloiu* .i^’ivin^' imsaitisfaetory 
r<‘siilt.s. 33ie ikhmI foi* the provision of 
eoloni(*s of b(*(*s in ai]>ple or(*!ia.rds is eni- 
pluusised. 

FjnUvHKvba KamaUi n. sp. 

CndioIv I-Ih* tit.le '' kjtiolo.i*y of Dnzoot.ie. bovine 
in eniait.uria," C'a.pta,iu S. C-. A. ]>a.ttai, B.sc., 
M.u.o.v.s., has eontribnt.(*d a. v(*ry va,lua,l)le 
a-rt-ieh*. t.o Un* Indian Journal of Vdioinary 
Frlrnrr and Anhnal Ilunbamdry^ VoluiiK*. LV, 
Pa,rt. IV. Altbou^ii Boviiu*- Ibeniaturia has 
bes(‘n knowm. to oe.eiir in e-ouir(.ries a.s widely 
S(*pa,ra.t(*<l as Aust.ra.Iia;, (h‘(*at iirit.ain, and 
pa,rtH of Em‘ 0 )>(*. aiiid Am(*.ri(*a and India, 
yet. v(*ry lit. tie is (l(*linit.(*ly known as to its 
na,t.ur(*. Uiiid (*.a,iis(*. In this arti(‘b^ wliich i,s 
profusely ill list. rat(*(l witli platies- deiinite 
(‘vi<l<‘n(*.e has b(‘(‘u fiirnisli(*d to ])rove 
l.lia.t. it- is a iiarasitii*. dis(*ase. due to 
a la.r^<* jirot.ozoan oriLi^aiUism whieli se.(*ms to 
l)(‘lonc* to iJiyUmi Rklzopoda. It is similar to 
but, la.rjLiji*r tluiu. Entanur.ba luMolytlca and 
afleets i)ovin(*s. Tln^ autlior proposi's th(*T(*fore 
t.In*. iianu^ Enlamwba Kamala for this new 
Hp(‘(‘ies of [)a.ra.sit.(*. As t.his knowledge is 
bound to h(* of .gr(*at valuer in tbe (‘-ojitrol of the 
scourg'e, Captain. Datta d(‘S(.'rv(*s tlie grati- 
t.udi^- of the Vet(*rina.ry I^roibssion a.nd tlie 
st.()(*-k-owning ])ubU(*.. His furt,lu*r not(‘S on 
subject will be kei'iily awaited. 

S. D. A. 

Effe::t of X-Rays on Chromosomes. 

C. L. THmiviNS AND iV. W. S. XIunteii {F.R./S. 
K, 1935, 117, No. 802) liave described a few 
examples of breaks and translocations of 
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eitlier whole cliromosom(^s or of their consti- 
tuent chromatids caused by X-irradiation 
in the nuclei of the microspores of Trillium. 
Lateral translocations of fra^gments on to a 
broken chromatid were found with a high 
frequency in the first mitotic prophasc after 
irradiation. The six anthers of a bud in 
this species are usually at the same stage 
of mitotic cycle and thus it was possible to 
determine with accuracy the exact stage of 
division at the time of irradiation, by imme- 
diately fixing one of the anthers. Apparent 
constrictions of chromosomes were found upon 
destaining to be merely chromatid ‘ breaks. 
Cases of de novo origin of trabents and an 
example of ring-formation have been re- 
corded. The ‘'delayed action” of X-rays, 
so commonly observed by several authors 
to become apparent first in the anaphase of 
the first division following irradiation, is 
explained on the basis that chromatid 
breaks will not be obvious before anaphases 
in chromosomes which are not stained to 
show the internal structure and that they 
may, owing to the surrounding matrix 
which holds them together, not be seen 
until the next division. The arguments of 
Darlington, and Mather and Stone on the 
time of chromosome splitting are critically 
analysed and the conclusion is reached that 
the somatic chromosomes of Trillium micro- 
sporocytes, including the “attachment con- 
striction” are longitudinally double at all 
stages except just prior to anaphase sepa- 
ration when they are 4-partite. 


Somatic Synapsis m Chironomus. 

E. L. King and H. W. Eeams have described 
{Journal of Morphology, 1934, 56, 527) the 
somatic chromosomes of Chironomus. The 
diploid number is 8. In the spireme nuclei 
of Salivary glands they find four segments, 
each representing a pair of homologous 
chromosomes in intimate somatic synapsis. 
Each pair could be recognised by its charac- 
teristic distribution of chromatin discs. The 
somatic synapsis in Chironomus is not a 
simple approximation of homologous chro- 
mosomes, but can be compared to meiotic 
synapsis. 


Development of Gheyletus erudltus. 

Oxju knowledge of the developmental history 
of Acarina is very meagre and the interest- 


ing article by H. A. Hafiz [Froc. Roy. Soe. 
Lond. (B), 803, 1935] is certainly welcome. 
Earlier investigators like Kramer, Olaparede, 
Michael, Xeu stead and Duval have restricted 
themselves to the description of a few stages. 
The cellular development in a partheno- 
genetic individual like Gheyletus clears some 
very abstruse points in the organogeny of 
the mites. He has studied from the blasto- 
derm formation (which takes place from 1--4 
hours) up to the final stage, the emergence 
of the hexapod larva (92-9B hrs.). A single 
layer of blastodermal cells is formed ; this 
differentiates itself into a median and two 
lateral plates. The ventral plate elaborates 
endoderm cells ; the middle jdate gives rise 
to mesoderm cells. Five pairs of thickenings 
form the larval ai)pendages. The absence 
of anus is characteristic of not only the adult 
but also the embryonic stages. “Salivary 
gland” cells arise in association with the 
trachae. 


Diorite-Limestone Reaction, a Study in 
Contamination. 

In the current issue of the Geological Maga- 
zine (March 1935, Xo. 849) Miss Joplin of 
Cambridge has contributed a very instruc- 
tive article on the reaction between dioritc 
and limestone and consequent contamina- 
tion. The area studied is situated in Xew 
Soutn Wales and is made up of sliales, 
quartzites and limestones. The limestones 
have been invaded by a series of tongues 
of diorite, and these have been contaminated 
by the assimilation of lime and has given 
rise to definite and sharply marked off 
mineral assemblages. This reaction has pro- 
duced well-marked zones whicli can be 
differentiated into diorite core, zone of 
turbid felspar, clinozoisite zone and garnet 
zone. By a detailed study of the chemical 
analyses of these different rocks, she has 
been able to deduce certain physical condi- 
tions controlling contamination. By com- 
paring these deductions with the well-known 
works of Eskola, Bead and Tilley she con- 
cludes that the degree of concentration of 
the foreign material is the most important 
factor in contamination and that assimila- 
tion takes place at a low temperature in the 
presence of abundant volatiles of which 
water is the most important. 
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The National Institute of Sciences of India. 

By L. L. Fermor, o.b.e., d,sc., f.g.s., f.r.s. 


^HE extent to which modern civilised 
^ man has become dependent in all 
directions for his welfare and happiness upon 
the results of scientific researches and their 
apihications lias for some decades caused 
all civilised countries to make provision for 
such research. This research is financed by 
one or more of four agents, namely, (1) the 
State, (2) educational organisations and 
institutions, (3) commercial and industrial 
concerns, and (4) private benefactors ; and 
the total amount of such provision and the 
proportion of its derivation from these 
four sources depend partly upon the general 
wealth of a country, partly upon the extent 
and variety of its natural resources, and 
partly upon the general degree of education 
and enlightenment of its inhabitants, the 
last factor being usually the most important. 

In India, although the larger proportion 
of the population has been illiterate through 
the ages, there has always been a nucleus 
of men of learning, and in very early days 
some attention appears to have been given 
to scientilic studies, particularly mathe- 
matical and astronomical and also in natural 
history. Tlie full extent and value of the 
knowledge so acquired is not yet knowm, and 
probably never will be known, as its dis- 
covery depends upon the interpretation and 
elucidation of ancient manuscripts, many of 
which are either lost or very fragmentary. 

The course of the study of modern science 
in India has been discussed briefly in two 
recent addresses. In my Presidential Address 
to the Asiatic Society of Bengal in February 
I have given a sketch of the develoijment of 
scientitic research in India to the end of the 
19th century, whilst in my Inaugural Address 
to the National Institute of Sciences of India 
in January, I gave an account of the deve- 
lopment of scientific research in India in the 
20th century. The two addresses, although 
to some extent overlapping, really form a 
continuous story, and the reader may be 
referred to them in their respective publica- 
tions.’*' 

Your Editor has asked me to write an 
article on the National Institute of Sciences 
of India. In accepting this invitation it 
has seemed to me that it would be useful if 

Journal and Proceedings of the Asiatic Society 
of Bengal and the Proceedings of the National 
Institute of Sciences respectively. 


I showed the position of this organisation 
witli reference to otiier scientiflc organisa- 
tions in India, as it is only in this way that 
one can see clearly what jilace the National 
Institute should occupy in the edifice of 
Science in India, and, therefore, what its 
functions should be. 

Briefly, the position is that provision for 
modern scientific work in India commences 
in the days of the East India Company 
with the recruitment of Medical Officers and 
Mint Assayers, wlio, towards the end of the 
18th century, with interested civil and mili- 
tary officers, began in their spare time the 
first modern scientific investigations. At 
this time the general need for an organised 
association for the encouragement of the 
study of all branches of learning became felt, 
and on the 15th of Januar^^ 1784, at a meet- 
ing presided over by Sir William Jones, the 
Asiatick Society was founded, later to be 
termed the Asiatic Society of Bengal. The 
objects of this Society were both scientific 
and literary, and in the comprehensive words 
of Sir William Jones as paraplirased “The 
bounds of its investigations will be the 
geographical limits of Asia, and within 
these limits its enquiries will be extended 
to whatever is performed, by man or pro- 
duced by nature”. 

The first organised provision for scientific 
research in India was, therefore, actually 
non-official ; but in 1788, the Eoyal Botanic 
Gardens, Sibpur, were founded ; and in 1800 
the first of the scientific services, namely 
the Trigonometrical Survey of the. Peninsula, 
later to become the Great Trigonometrical 
Survey and now merged in the Survey of 
India, was established by the East India 
Company with Colonel Lambton as the 
first geodesist. The Geological Survey of 
India was founded in 1851, and in 1866 the 
first Museum Act was passed and the Indian 
Museum was established, the zoological, 
geological and archaeological collections of 
the Asiatic Society being transferred thereto ; 
and with the foundation of this Museum we 
have the first direct official provision for 
zoology. Provision for meteorology in the 
form of various observatories existed in 
various parts of India from the end of the 
18th century and in the early 19th century, 
and in 1875 the Government of India ap- 
pointed a Meteorological Eeporter for the 
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wliok- rtf India, am! tlia f)n‘sen(> Meteorolo- 
gioal Departnnait was founded. 

TIk'^ 19th century was tlius a period durino’ 
wliidi the various scientific services financed 
by the Central Government were founded. 
All Mics(‘ scnwdces (eventually inaugurated 
tlieii" own publications, but througiiout this 
jK^Tiixl the Asiatic Soci(ety of Bengal was the 
place vrJiere men of all branches of knowledge 
nich srUid discussed tlieir problems, and the 
piLblicsitions of this Society contain not only 
litem, c'omrnunications but also many papers 
of ii^:i porta, nee to Science. During the 19th 
century, brancduvs of the Eoyal Asiatic. 
Wocic"!]^ of Great Britain and Ireland Avere 
estabbshed in Bombay and Madras, and that 
Yen successful Society, tlie Bombay Natural 
Hisiory Society, was also fonndcal. There 
A\"ere also other less important societies, often 
oyaiuuficent ; but on the Avliole it was a 
ceiituiy characterised by the existence of 
scdcnthic services and of one academy serving 
tlie Athole of India, namely tlie Asiatic 
Society of Bengal, None of the specialist 
scicixtilic societies had been founded, and the- 
major portion of tlie researches that Avere not 
puMished in departmental publications found 
their way to the Asiatic Society of Bengal. 

With tlie 20th century we havm opened 
anotliuT volume in the scientihe life of India, 
and the first tliird of the century has been 
cliara^derised by tlie formation of a large 
iiiimIbPT of specialist societies and research 
institutes. Amongst the societies mention 
may he made of the Mining and Geological 
Institute of India (1900), the Indian Matlie- 
inatLcal Society (1907), the Institution of 
Bii 2 :ineers, India (1921), the Indian Botanical 
Sodeiy (1921), the Indian Chemical Society 
(1924), the institution of Chemists, India 
(1927), the Society of Biological Chemists 
(1931), and finally of the Indian Pliysieal 
Society, the Indian Society of Soil Scdenee 
ami the Indian Physiological Society, all 
foiiudecl last year. 

Amongst the research institutes supported 
froiTJL central revenues one may mention the 
Impeiial Institute of Yeterinary Eeseareh 
now at Muktesar but originally founded at 
Poona under another name (1890) ; the 
Imperial Agricultural Eeseareh Institute, 
Puaa (1903) ; the Central Eeseareh Institute, 
Kasaiili (1906) ; the Imperial Forest Eeseareh 
Institute, Dehra Dun (1906) ; and the All- 
Indiii Institute of Public Health and Hygiene, 
Calcutta (1934). As examples of research 
institutions administered provincially men- 
tion may be made of the School of Tropical 
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Medicine, Calcutta,, and the ITafikiiie Insti- 
tutes Bombay. And as a line example of 
another type of research institute, namely 
one siip)ported mainly by priAurte bequests 
supplemented by Government grants, avc 
liaAU' the Indian Institute of Sedenee, Banga- 
lore (1911). 

All these soeicdles and institutes, except 
tlie Indian Institute^ of Science, must he re- 
garded as specialised organisations. 

Blit starting in 1857, Avith the foundation 
of the Universities of Bombay, Calcutta, 
and Madras, there has becui formed a series 
of nniversity (Mlueational institutions Avitli 
chairs and la,b()ra,toricss for various science 
subjects, ])la,ying a,n important part in the 
provision of facilities for scientific research. 

Tlie scientific societies all maintain their oavii ■ 
publications, but liappily the tendency is for 
our TTni versify friends to offe]* the results of f 
th(dr researches to (existing scientific societies | 

rather than for Univ(usities to start their J 
own journals and so increase^ tlu? multitude t 

of publications. f 

The t(‘nden(\y of the 29th (tentury in Jiidiii ; 
has been, therefoi’c^, towards intense special- [ 
isatioii in science with resultant segregation 
of Kscientists into s])(‘cialised bodies. Fortu- ; 

nately, however, this tendency was recog- 
nised quite early in the century and the i 

Indian Science Congress was founded (1914) f 

deliberately to lead men of all branches ol; | 

science back to a common meeting ground. 

''Phis body, howeveu', meets but onec; a year | 

and does not, tliereforc^, provide^ for the I 

periodic- meetings of num of all sciences j 

throughout the y(^a,r. f 

As already explaincM the Asiat,ie Society y 
of Bengal providcnl such a foruin throughout 4 
the 19th century. Th.is Avas during tlui 
period when by far the larger part of the 
sciimtific research done in India was based 
on Calcutta or found its way there due to 
the pr(‘sem*e of the Central Government. But 
there are now mimerons other researeli 
centres in India and consequently, as India, 
is a large country equivalent in size to the 
continent of Europe without Eussia, it 
follows in practice that men of all centres 
of research cannot make personal use of the 
Asiatic Society of Bengal, which, thougli 
an All-India Society and, in fact, if one 
attends to its original objectives an All-Asia 
Society, can, for geograpliical reasons, in 
many respects serve practically only a 
limited portion of India. 

It was this practical, difficulty that really 
led to the foundation of. the United 
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Liices Academy of Sciences in 1930, and 
to a demand for an Indian Academy 
3iences, tlic later demand overlooking 
’act (1) that in the Asiatic Society of 
al there was already — though not under 
name — an Indian Academy of Sciences 
Letters theoretically availahh' to re- 
■nt and cater for the whole of India, 
(2) that in practice no one society of 
.emy rank could cater effectually for the 
e of India. 

.e disagreement amongst scientists in 
i during 1934 over tliis Academy pi*ob- 
thoxigh it arose otherwis(‘, was funda- 
.ally due to tliese facts ; and in the end 
leal recognition has been given to the 
that scientists in India need for their 
nuous service^ at least three Academies 
iience, and as a r(\sult we now have tlie 
i Academic^s located respectively in 
itta (Asiatic Society of Bengal), Allaha- 
United Provinces Academy of Sciences), 
Bangalore (Indian Academy of Sciences). 

I have pointed out in the Addresses 
red to above. Academies must really be 
‘ded as philosopliers’ gardens, wherc^ 
of various brandu'S of knowl(Mlg(^ can 
and talk, compare their views, and 
ss their ])robh‘ms ; and it is in providing 
ice wher(" num of various branches of 
ledge can nn'cl; and talk that Academies 
:.o be distinguished sharply from, spe- 
t societies. 

lilst it has b(‘Come dear that no one 
emy can s(‘rv(‘ the practical needs (apart 
those S(‘rved through tlie post) of the 
? of India, it. is also dear that w(^ require 
•ordinating body to facilitate co-opera- 
in the first iTistance between tho. various 
emies, but ultimatdy between all scienti- 
ganisations and scientists, and it is this 
riving iKM^d that/ has ]‘(‘ally led ultimately 
LC*^ formation of the .National Institute 
lienees of India. 

is unnec(\ssary * to explain at lengtli 
bjects of this Institute. It is sutticient 
produce Rule 2 of th(‘ Provisional Rules 
le National Institute : — 

Objects. 

The objects of the National Institute 
iences of India are : — 

The promotion of natural knowledge in India 
ling its practical application to problems of 
lal welfare. 

To effect co-ordination between scientific 
□lies, societies, institutions and Government 
ific departments and services. 

To act as a body of scientists of eminence for 
•omotion and safeguarding of the interests of 


scientists in India ; and to represent internationally 
the scientific work of India. 

(d) To act through properly constituted Nation- 
al Committees in which other learned academies 
and societies will be associated, as the National 
Research Council of India, for undertaking such 
scientific work of national and international im- 
portance as the Council may be called upon to 
perform by the public and by Government. 

(c) To publish such proceedings, journals, 
memoirs and transactions and other publications 
as. may be found desirable. 

(/) To promote and maintain a liaison between 
Scitmees and Ijotters. 

{(/) To secure and manage funds and endow-- 
ments for the promotion of Science. 

(//.) To do a.nd i^erform all otlier acts, matters 
and things that may assist in, conduce to, or be 
necessary for the fuirilment of the above-mention- 
ed aims and objects of the Institute. 

It s<"ems imuecessary to discuss in detail 
the various objects of the Institute, as each 
of them speaks for itself. But from the 
statement it will be seen that tlie main objects 
of the National Institute are related to the 
co-ordination and organisation of science in 
India, and this is the reason wdiy the Insti- 
tute lias a limited. .Fellowslii]) composed of 
Fellows belonging to all branches of science. 

In tlie first year or two of its life the 
Institute will naturally ])ro('.(‘ed cautiously, 
but gradually, as o])]) 0 ]‘tunity occurs and 
funds pcu'init, scientists in India must 
(‘xpecd-. tli(‘ National Institute to take up all 
the objects enumerat(Hl above, and as this 
is done we sliall call upon the Academies 
and th(‘ sp(H‘ialist societies for their co- 
operation. 

Altliough this is not tlu^ main object yet 
it is inevitabh^. that wdien the Fellows meet 
they should take the opportunity to bring 
r(‘searelies of general interest before the 
whol(^ body of Fellows, and to this extent 
tlie National Instituti^ must si^rve as a forum 
wlu're imjiortant discoveries are announcecL 
and discussed. 

In Rule 2 (c) reference is made to possible, 
publications of the National Institute. The 
publication of Tranffaetions and Fyocecilings 
lias been commenced, but the most important 
publications are expected to be an annual 
review of science and a publication contain- 
ing collected summaries of papers read be- 
fore Academies and scientific societies in 
India. 

I As is now known to all scientists in India, 
the foundation of this National Institute 
represents an act of co-operation between 
the senior scientists of all parts of India. 
The Council has been chosen so as to give a 
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wide geogTaphical distribution of Members of 
Council, including* provision for an additional 
Yice-President and an additional Member of 
Council representing eacli of the three exist- 
ing Academies and the Indian Science Con- 
gress, and all these bodies have shown their 
co-operative spirit by duly appointing their 
representatives to the Council. The Fellow- 
ship of the Institute includes representatives 
of all sciences ; of the scientific services, of 
the universities, of the research institutions, 
and of scientists employed by commercial 
and industrial organisations ; and the 
National Institute represents the co-operative 
effort of men of all races, religions and 
branches of science in India. It is hoped 


that the country will be proud of this com- 
prehensive organisation and that all scientists 
will regard it as an honour to be elected a 
Fellow thereof. 

There is an urgent need in India for co- 
operation between men of different com- 
munities, and I take this opportunity to 
express the hope that wo shall succeed in 
providing in this National Institute a bond 
between scientists throughout India and an 
organisation that will act by its existence 
and its success as an example and an en- 
couragement to men of other walks of life, 
by showing what is possible in the way of 
co-operation between men of diverse aiifl yet 
ultimately similar interests. 


Science Notes. 


X-Bay and Photof/raphic RererEal. — Messrs. K. 
Prosa.d and B. N. Ghosh, Science College, Patna, 
write under date 28rd February 1935, “When 
materials are exposed to a beam of X-ray for 
tlie purpose of obtaining their diffraction halos, 
it is a familiar fact that the impression of the 
direct beam on a photographic plate on develop- 
ment, conics out sometimes dark and sometimes 
white. This phenomenon does not appear to 
have attracted sufficient attention, mucli less 
investigated in any detail. 

While engaged in confirming with the help of 
X-rays, the results of structural analysis of some 
solids as obtained by tlie method of Latent 
Splitting {Nature, 1931, 127, 90 ; Bulletin, P. S. C. 
Phil, ^oc., 1933, No. 3 ; 1934, No. 1 ; 1935, No. 5), 
the attention of one of us was drawn to the 
apparently irregular manner in whicli the central 
spot on the negative came out dark or wdiite 
dej)ending on the length of exposure. The 
appearance of the impressions suggested that 
the phenomena miglit be due to photographic 
reversals by X-ra,ys. To test this suggestion, a 
systematic investigation has been undertaken 
using a Hadding tube. Exposures on Golden Iso 
Zenith plates of speed 1100, with 10 milliamperes 
fixed discharge at 50 KV, using a copper anti- 
cathode, have been given for times varying from 

1 sec. to 5 hrs. The result has been a series of 
negatives of a highly interesting character in 
which opacity and transparency alternate with 
each other varying in intensity with time. 

Tlie first reversal, that is, tmnsparency super- 
posed on the opacity of the image appears for 
about 10 mts. exposure. The transparency tiien 
gradually increases until an exposure of about 

2 hrs. is reached when an opacity is again super- 
posed on the former transparency. This second 
opaxity increases upto an exposure of about 3 hrs. 
At this point a second transparency sets in which 
slightly increases upto an exposure of about 
3-Hirs. A third opacity then starts wFich 
increases upto an exposure of nearly 41 hrs. 
A third transparency is then again ' noticeable 
superposed on the last opacity and increases 
in magnitude upto an exposure of about 4f hrs. 
At this point a fourth opacity sets in which goes 


on increasing upto tlie maximum time of exposure 
of 5 hrs. given in these experiments. Tlie differ- 
ences betw^een successive maxima of opacity and 
transparency gradually diminish and will prob- 
ably disappear with still longer times of exposing. 

Althoue;^! the phenomena of one or tivo photo- 
graphic reversals (R. W. Wood. Phil. Mar/., 1903, 
t?, 577), with stimuli of different kinds ' used in 
certain order or those due to ovor(?xposure using 
ordinary light ai-e well known, if- is liowever not 
certain that several reversals witli one kind of 
stimulus, specially with the X-rays, have hoeii 
pi-evioiisly obtained. A very interesting account 
of the existing knowledge on the subject is given 
in Chapter XV of Allen’s book on Idioto-Flectii- 
city. Fuller details of the wnirk will appear (dsj'- 
where.” 

5fC >(« 

P''ossil Wood from the Bahahudan Hills, Ulysorv. 
— Charles 8. Pichamiitlm wnites tljah wlnlo 
examining the iron ore deposits of the Bahahudan 
Hills during the Dasai-a vacation in the year 1932, 
the WTiter came upon a specimen of fossil w'ood 
near Kemmanguncli. It was found near the (ith 
furlong of the 27th mile on the diikniagalur to 
Lingadlialli ]*oacl. The road lie re has been cait 
along tlie sides of the. hill, and it w^as from this 
cutting that the specimen w^as obtained. Tlio 
hill, which is 4,500 feet above sea level, is coniposeil 
of red earth containing lumps of iron ore. 

The wmody material has been completoly 
converted into hematite. As the fossil wais of a 
rather friable nature, it was with great difficulty 
that it could be sliced. ''Ilie specimens and sec- 
tions w^ere kindly examined by Ih-ofessor Joini 
Walton, Professor of Botany iVi tlie University 
of Glasgow. He was of opinion that it was 
fossil wood, but considering the imperfect preser- 
vation of the structures, he did not like to say 
more than tliat it was of gymnospermous 
character. Recently, specimens were sent to 
Dr. Sahni wLo agreed with Professor Walton’s 
identification. 

The iron ores (as opposed to the banded fer- 
ruginous quartzites) of the Bababudans, have 
been, in part, segregated by the action of water 
through the ages. Some of the ores have 
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iiii(l()ul>(v<!ly in st.-iiHlino; b<H)i(‘.s of 

solutions linyini*' h'aclicd tlu' ii'ou frotu t-he 
irfru,‘ 4 iuoiis (iu.'u*l /it (‘s. This spts-inuui of wood 
nuisl Ix'cui washod into ont' of th(‘S(‘ sadi- 

niau(ati(Ui .U’t'as and had its woody nia.l.(‘ria.l 
i*rj)Iaci*d by oxida of iron. 

It may hr mantioniMl thah t h(‘f(‘ a.!‘<‘, at pr(‘S(ud', 
no nun Ksp(M'ms on ( h(‘S(‘ hill rani^x^s. 

■t- 

77/a Porphtirff /^//Av.s of d///.s-a/v -.1 Sindp 'ni 
(Uihhfcinudion. H. N. I\ai;'hiina.( ha, Ka,o„ wi-it(‘S 
t hat in d/'sai'ibinut t ha “ ( Most'pal. < 1 i*a,nit.(‘s” 
of M ysor<‘ t h(‘ (^^liacu's (tf t h<‘ Mysore' 

( h‘ol(».i;'iaal H/'pa ft ?nant, lia.v<‘ fi’/MpHud ly !\ol.ia,(‘d 
aas(‘S of hwal aont aininat ion of j.h<‘ acid inai;itja, 
h> liasia n\atarial. A V(‘ry i^ood oxamph' of siH‘h 
a aonf aminal ion on a wid/M- s<‘al(‘ is a.lTord<‘d by 
I ha porphyi’N' dyk<‘s of M \so!’(‘ (Ma.ndya, a.nd 
S<*rirJ,na [»al am 'Taluks), whi<‘h I ha.va ixam r(‘a<‘nt-ly 
sludyina;. 'rh<'s<‘ dyka rocks apptsar l-o hn.va 
<’onsoii<lat i'd from a hiuhiy aontaininal /Ml ma.u:ma. 
du(‘ (<» tin- j’(‘lat i\’(dy mor(‘ a.aid r{‘sidua.l pbascis of 
the “('losc‘p(‘t (Jranil(‘” luaLfina, liavin^f mor<‘ or 
l(‘ss assiinilaf ad portions (tf tlu* basic (‘oinitry 
ro<’ks such as t he hornbkmda sahists, (‘Idoiat-c' 
schists and tha p\‘i’ox<‘na i*ratndit.(‘s thus ,yivin<j;’ 
I’isa to the dyk(‘s of a, moir/onilia. clnnN'udiu*. 
Ainonp: the (‘hi('f a\'id(‘nc(‘s in support of such 
a view ma\' be numtioiu'd : (1) th(‘ coirstard. 

prt'senci' of basic xtmoliths in tlu'sa dyka rocks, 
in all slaves of assimilat io!\ a!\d ra<‘ryst.allisa.t.ion, 
(2) the alnindatd d<‘V(*lopm(mt of sphan<‘, a.pat'i((' 
and maapiatit*' in t h<‘ proximit y of t h(‘S(‘ basic 
X(‘nolil hs, (d) the fr<*((ucn(. v)ccurranca of min/u'a.ls 
s\u‘h as niclanitc ami spinal, and (I) llu‘ hat/M’o- 
j^emut y in tin* u'ancral cl»ara<’t,(‘r of t li<‘ dyk(*s 
oci’urriipt in a yi’oup as for instanc(‘ n(‘ar Pxdhalli 
ami Arak<u*<’. 

hhirtht'c woi-k is in f>ro|j;rass and a. fulUu’ j»ap(‘r 
dealing' with the subject- will h(‘ pid)lish(‘d als(‘- 
where. 

H* 

77//’ }ilm' Coloiir of the Sh'p. Dr. M. 74a.ki\Hldin 
writes: “In a pre\ions communica,t ior» {(Ud'crnl 
*S'/’/7 •///•/’, lt>.'Jl. 3, Sli) I ha\(‘ mimtioiHul a, bout- th(‘ 
int crest iipA manusci’ipt of Abka.ndi (huilinui;' with 
t he blue et>lo\ir of t ht‘ sk\’, a copy ol which is 
prasi*r\«al at Oxfm’d (No, S77, Kafttiotj drr 
lioiUi'h* titi roif ,/. t'fd.n Dd. 1) and a. copy ol wbicli 
has b«M ri r<‘aantl\‘ disi’o\‘<‘r(si b\’ 11. Hitl-<*r (.Dv7///\ 
Orient dfii l*ynije^ p[>. 3t)I>~Ti72, D*32). ddw’ 

marmseript has luaui also <*(lil(‘d at- Ali^i,’a,rh 
aft/u* a ear<*ful <’om j )a!’ison .as it- ha,s biani found 
that the copy pr(*siu’Vaii ai- Oxford is full ol 
mist a kes. 

It is inteivst ing'ti> m»te I hat- Dr<»r. IT \Vi(‘d(*manri 
( \rln'di'n (ms den (t'eh}('len der /V/z/s/A’, i\J {d}n'}n(d’d\\ 
Ohnnie • J nlins hdster nnd linns OeileL i>p. I lS-T2(i, 
D)i:>, ealh'd “ A nsehaun.n’im vori M nslimisclnui 
(Jal-duOm ubfu- die bkain* lAarbcs d(‘S I limrmds'’), 
of Mdlaneen lias t i-arislat-ad l-h(‘ Oxford <a)pY. 
W’iad/anann, howa\a‘r, numt-ions a, vary int-iu'/'sl'" 
in^*’ manuscript (h'alinu;' with t Ih‘ probhun of tlic 
blu(‘ /avlour of the sky by t-h(‘ Deypt.ian jurist 
t^arali ( ITler Jnhrhneh der Photo(/rapli}e and 
/[(*}n'(nl nkl i (d(‘('h n iii\ DM 3 a.n<l D)b7). 

S(duhai» al Din Ahnual Ibu Idrio a, I Qarafjo 
liv/al in Oairo and has wrii-t-im a book on 50 
dilTanmt pi'oblmns of optics. If<- died about 
12.S3-S I. Of a, 11 those y/robhiuis. the j^roblems 
JSfo. 33, 34, 35 deal with the cause of the blue 
colour of tht^ sky {lof\ cit). 


I.ator on Wiedemann mentions of another 
manuscript of (hizwini (vf/l. Z. /T, «;)azwim Bd. 1, 
''T/'xl- S. 170 von Ktha 847) that also deals with tlie 
same ])rob1cm. 

si« >ts 

The Association of S])ecial Libraries and In- 
form a, t-ion Bureau (AS LIB) is to hold its twelfth 
atumal conference at St. Jolui’s (dlle^e, Cambridge, 
during* tlu^ w(‘(‘.k-end beginning Friday, September 
20. Ikirticuk'irs may be obtained from tire Secre- 
tary of th(‘ AssociatioTi, lO B ussell Square, l.ondon, 
\V.(t 1. Sir h’i(diard Cregory has agreed to 
ac(*(‘])t- r(‘-n()mi]iation as pi’osident of tlie Associa- 
tion for 103r>-3(i. — ( Nature, March 1085.) 

Sj« :ic ,1c 

Seasonal I^rofjress of Hen/ld Growth in Trees . — 
By 1! C. Chanpiion. [Forest UnUetin, No. 88, 
Silvicultural Scudes, 1084. (Jovernment of India 
Publication.) 

Da,ta, for tlH‘ s(‘asona.l progress of height growth 
<*oll(‘cl-cd btTvve/ni. 1022 and 1088 on 15 common 
Indian tr(H‘s ar(' exa, mined a,nd average carves 
<leriv(‘d. marked variation in the increment 

c.m*v(‘s in siiccrxssive yeai’s is discussed in relation 
to tl)(^ curvtxs for temperature, rainfall a,nd soil 
moisture, dost' agreements being few'. The 
.sp(*cilic inci*(‘ni(mt ciu'ves are classified into three 
types : (i) simple curv(‘ with single maximum 
{.\din(( a,nd Teetonaf (ii) eairve i-elatively simple 
but with scKHinda.ry maxima {Teruilmdia), (iii) 
curv<‘ comirlex with two or more pidinary maxima 
(Shore(t. /*hnfs and lOnjenia),'' 

^ ' jK M: 

'I'he. Disirllnition of Teinpertttnre in the upper 
Leeels of a Depression Orif/i)iatin(i hi the Bay of 
Benyal dnriny the Indian Sonlii-Wcst Monsoon. 
By N. K. Sur ( 1 ti<lia,n Midi'orological Department, 
Beienlifie Noles, Vol. VI, No. 02). 

“ During l-h(‘ jieriod of a,ctivity of tlie sout-h-\vest 
monsooi\ sonu^ depu'ssions originate in the Bay of 
Bimgal pr/‘c(Hl(‘(l l>y a- W(41-ma,i*ked fall of ])ressm*e 
in Burma,. Thes(‘ gzuKU’ally move in a nortli- 
w'(‘si(M*ly dir(U’,ti(m tlu’ough the central parts of 
India, a, ml rea.ch liie mughbourhood of Bajputana. 
Sounding balloon asciud-s a,t .VgF’a,, when one such 
(h*pi*(‘ssion wa,s i)a,ssing through Kai])uta,na, show 
iha,t th<‘ upi)(u* lt‘V(4s of a,ir in its outer regions 
W(‘»‘(‘ eha,ra,ct.(‘i’is(‘d by Lunpemtiire lower than the 
noi-ma.l va,lu(‘s foi* tlu' corrc*spon/li ng lieights in 
th(' monsoon s/xison. 'Tlu/ level of tropopanse 
a})ov(' l-li<‘ de])r<‘ssion \va,s also fmmd to be 
loW(M’(‘(l. ” 

!l? * Hs 

Goat Bre.vdhnj Idehenie for South India. — The 
lm])(‘ria,l (\uineil of Agricidtural Research, New" 
l)(4lu, at tluur metd-ing on F(*.bruary 28, 1985, 
sa.nct-ion(xl a, hm-yzvu* scdieme for Goat breeding 
urnhu* tlu‘ aus])i(a‘s and direetion of the Arcot 
Mission y\gricultura,l Institute, Katpadi, The 
a,ntieipat(‘d a,nd sa,nctioneil exyxmditure is 
Rs. 81,172 including Rs. 5,480 as non-recurring 
and Bs. 78,092 a,s i*('c.urring ex])enditures. 

Oo.irX’T.S OF THE Fxpehiment. 

Odie Madras Ih*esidency is reported to have 
(deven. million goa,ts of a non-doscript variety. 
Among thcmi exist great differences as to colour, 
size, milking capacity and. other characteristics 
associated with a definite breed. The puryDose of 
this research project is to make a concentrated 
attempt to select certain types and strains and 
with a dednite ideal in mind work toward the 
consolidation of desirable characteristics into a 
definite breed indigenous to South India. The 
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plan is to liave 200 females in the milking herd 
of wliieli lialf the number will be used to breed 
Sontli Indian varieties pure ; onc-foiu'th 
blood from the Jumna- Pari from North India 
will be used and Surti blood from W'estern India 
on the remaining fourth. Comi^arative figures 
will be kept of such factors as milk production, 
hardiness, prolificacy, milking longevity, intervals 
between biddings, suitability of various feeds and 
fodders and observations of diseases and their 
treatment. 

Propaganda work will also be carried on educat- 
ing tlie public especially the poorer village classes 
who carmot afford tlio risk of maintaining the 
better grade of cattle, in the advantages of the 
“Poor man’s cow” especially for milk production 
to improve the rather poorly balanced villagers’ 
diet. Animals from these improved varieties 
will be put at stud in the district to improve the 
local goats. 

Expenditures. 

The Imperial Council has agreed to make the 
following sums available for the experiment : — 

1. Purchase of stock, office and dairy Rs. 

equipment . . . . . . 5,480 

2. Staff — Assistant, writer, maistry and 

coolies . . . . . . 20,928 

3. Feeding expenses for the goat herd . . 45,504 

4. Recurring, office, dairy and sundry 

expenses . . . . . . 0,200 


Total Expenditure . . 84,172 


The American Arcot Mission agree to give the 
services of Mr. J. J. De Valois, the Principal of 
the Agricultural Institute, to super\ase the work 
as well as to provide the necessary buildings of a 
very simple but suitable natur’e for the project. 

The scheme was drawn up with the co-operation 
of the Madras Agricultural Department officers 
who wore interested in the work the Mission was 
doing with goats on a very small scale. The 
Director of Agriculture. Madras, was largely 
1 ‘esponsible for securing the final approval of the 
Imperial Council authorities. 

!i« * 

We have great pleasure in congratulating 
Dr. T. Vijayaraghavan, (at present) Reader in 
Mathematics in the Dacca University, on his 
election as Visiting Lecturer for 1 930 by the 
American IMathematical Society. He is the first 
Oriental Scholar to receive the distinction, which 
is conferred on very able non- American mathe- 
maticians achieved liitherlo only by a few European 
workers of the front rank. Vijayaraghavan ’s ability 
was first noticed during his undergraduate years 
by Prof. K. Ananda Rao of the Presidency College. 
Madras ; his original papers were forwarded to Prof. 
G. H. Hardy in England who unliesitatingly placed 
him second, even at thcit early age to the late S. 
Ramanujaui. He w^as awarded a special scholarship 
of over a thousand pounds by the Madras Uni- 
versity for research in England under the guidance 
of Prof. Hardy, then at Oxford. He published 
three papers on Tauberian Theorems which 
have become an integral part of the standard 
literature on the subject. These and some other 
minor papers w'on for him the Doctorate Degree. 

Subsequently he published his paper dealing 
with the famous Eorel conjecture in the Comptes 
rendus of. the Paris Academy in 1932. 

iBniUe Borel, one of the outstanding mathe- 


maticians, made a highly plausible conjecture in 
1890 on the orders of infinity of solutions of 
differential equations. It was immediately 
accepted by all, including Hardy, as true ; but 
years passed by without a single pi oof in spite 
of all the efforts of the best niatliematicians 
all over tlie world. The problem came to be 
ranked as one of great difficulty, being slightly less 
than those of the Riemann hypothesis, Format’s 
last theorem and Goldbacli’s tlieorem. As such 
it was suggested by Hardy to the mathematical 
workers in Iiis seminai* lectures. -After six years 
of quiet W'ork, Ahjayaragliavan proved Borel’s 
conjecture as also that of others to be wrong, 
the conjecture, natural as it appears, being 
actually false ! The little note ref erred to above 
ranks as one of tlie greatest achievements of 
recent mathematical tliought, not only by its 
conclusions but in the elegance of method, finisli 
of technique and incisive of analysis. 

We wish all success to a scholar who is still 
young. We have no doubt that he will l^ear witli 
honour a large share of tlie burden left upon 
mathematicians in India by tlie premature death 
of Ramanujam. 

Sf. 

The Institute of Chemistry of Gre(d Jh'lUun ami 
Ireland (Indian Section). — The Annual (lenei'jil 
Meeting of the Indian Section of the Instituti.* 
of Chemistry of Great Bi*ita.in and Ireland 
held at the University, Calcutta, on JaniiaiT 
5th, 1935, Dr. 11. B. DunniclitT, D.sc., F.i.c., in 
the Chair. 

The Report and financial statement yirG^serited 
by the Honorary Secretary was re;i(l anti 
approved. 

fi'he following members were elect, ed to tin? 
Committee foi* tlie year 1935, — 

Mr. G. 0. Mitter, M.sc., a.t.c., Bombay ; Dr, 
R. II. Peacock, d.sc., e.t.o., Burma; ])r. E. 
Spenser, D.sc., p.t.c., Bengal; Dr. B. B. Hoy, 
D.sc., F.I.C. , Madras ; Dr. .T. N. Ray, D.sc., 
F.I.C. , Punjab ; Di*. S. Jvrislma, D.sc*., F.r.c.. 

Imited Provinces ; Mr. G. W. Douglas, H.st-., 
A.T.C. , Honorary General Seci'ctary. 

A number of matters relating to the propostMl 
Sectional Rules and to tlie formation of suh* 
sections in India were discussed, the metdhig 
terminating wdtli a vote of tlianks to the ( ■hairman 
and Honorary St^cretary. 

International Sociehj of 'Lcidher I'radcs C/nniiisfs 
{Indian SeHio)i). — Idie Annnal Mecding 
of the Indian Section of the International Society 
of Leather Trades Chemists was behl at tli’r 
Bengal Tanning Institute, (Ailciittei, on daiuiaiy 
fith, 1935, wit h Air. B. IM. Das, I^resielent, in the 
Chair. The Annual Report of the I lonorary 
Secretary was read and approved. A number of 
matters relating to the Sections activities worr 
discussed and theli.ope expressed that all tliose who 
were interested in the Tanning Industry in India 
w^onid avail themselves of the fa.eilitics provided 
by the Society. Tlie following are the Committee 
for 1935. — 

President. — Mr. B. AT. Das, m.a., m.sc. ; Coia- 
miUee.—ls'iessvB. B. B. Dha-vlc, iu.a., a.t.c. ; 
N. N. Dutt ; R. F. Roll ; C. O. Tattersall, B.sc., 
A.i.e. ; G. AA’^. Douglas, B.sc., A.T.C. (Honorary 
Secretary). 

The meeting terminated with a vote of tlianks 
to the Chairman and Honorary Secretary. 
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On the conclasion of the meeting tlie members 
present were sliown over the Bengal Tanning 
Institute by the Superintendent, Mr.^B. IM. Das. 

ii: =1: :|« 

Association of Ecmio mi c Biologists^ Cohnhatore . — 
At a meeting of the Association of 
Economic Biologists, Coimbatore, held on the 
Ttli March 1985, Dr. F. J. F. Shaw, D.sc., a.r.c.s., 
P.L.S., Director, Imperial Institute of Agricultural 
Besearch, Pusa, delivered an able address on 
•‘Chance and Error”. On the 22nd March 1935, 
Dr. P. J. (Gregory, M.A., Ph.n., f.r.m.s., p.l.s., 
delivered an illuminating lecture illustrated with 
lantern slides, on “tlie cliromosome structure”. 

:|; :l: =!« 

Neic Fellows of the Royal Society of Fdimhiiryh . — 
According to an announcement in Nature^ Dr. 
E. N. Desai, Assistant iMeteorologist, Govern- 
ment of India, Dr. B. Narayanaswamy, I lecturer 
in Physiology, University of Patna and Mr. C. S. 
Pitchamuthu, .Assistant Professor of Geology, 
University of Mysore, liave been elected ordinary 
Fellows of tlie Royal Society of Edinburgh at a 
meeting held on Itli March 1935. 

5i< :l« * 

We understand that Col. C. A. Gill, k.h.s., 
Inspector-General of Civilllospitals, Burma, 
and late Director of Public Health, Punjab, has 
been appointed to undertake an investigation 
into the Malaria Epidemic in Ceylon. 

5lS ^ >l! ‘ 

Dr. Ernest Muir, of the School of Tropical 
Medicine, Calcutta, will soon be leaving India 
after 29 years of work connected with leprosy 
relief and kala-azar, to become Medical Secretary 
of the British J^eprosy Relief Association. 

Dr. Muir first came to India in 1906 as a medical 
missionary to the U.F.C. Church Mission at 
Kalna, wdiere lie worked for 14 years. During 
the later part of his stay at Kalna he became 
greatly interested in the subject of Leprosy. 
He was responsible for starting the licprosy 
Researcli Department at the Calcutta. School of 
Ti’opical Medicine, in November 1920. Three 
fundamental problems in which, he was interested 
in connection with Leprosy are (1) culturing of 
the organism responsible for lej^rosy on artificial 
media, (2) finding a suitable experimental animal 
susceptible to infection, and (3) the improvement 
in the treatment of leprosy, the present method 
being tedious and 2 .’equiring prolonged treatment, 
Dr. Muir worked on these problems for 15 years, 
as a result of whicli India is now covered with a 
net-work of leprosy clinics. A heap of publications 
stand to his credit and in association with Dr. 
Napier he published a handbook on Kala-azar 
and with Sir Leonard Rogers a handbook on 
Lepi.'osy. 

>1< Ht >1« 

According to a note appearing in Chemical 
Age the Government of India reports that two 
separate agreements liave been negotiated witli 
Imperial Chemical Industries, Ltd., in connection 
with the Company's proposal to erect an alkali 
factory. One with the Punjab Government 
dealt with the supply of limestone, and the other 
with the Government of India referred to the 
supplies of waste salt, brine and other products 
in the Khewra salt mines. The agreement with 
the Government of India provided for a five-year 
option to the company to take up a fifty-year 
concession for the exclusive right to obtain the 
salty material in question, for use in a factory, 


subject to the safeguarding interests of the 
Government of India and of those concerns already 
established and which were engaged in the produc- 
tion of refined table salt. (Chemical Age, 1935, 
32, 230.) 

SK * 

The Chemical Engineering Congress of the 
World Power Conference will be held under the 
auspices of the International Executive Council 
from June 23-27, 1936, at the Central Hall, West- 
minster, Ijondon. Information regarding the 
Conference can be obtained from the Congress 
Office, 56, Victoiia Street, London, S.W.l. 

* 

Report of the Third Imperial Mycological 
Conference. — Tlie Imperial Mycological Conference, 
held once in five years, affords an excellent 
opportunity for discussing Plant Patliological 
problems in the British Empire. The tliird 
conference was held in London during September 
1934, and was attended by Plant Pathologists 
designated from all over the Empire. India was 
represented by Dr. A\U McRae and Dr. Cliaudhuri. 
It is interesting to note that i-epresentatives 
of firms, ma-nufacturing fungicides also attended 
the conference. 

After the oi^ening address by Sir Charles Howell- 
Thomas, k.c.b., k.c.m.g.. Dr. E. J. Butler, c.m.g., 
C.I.E., P.R.S., the Director, reviewed the work of 
the Institute. He gave staggering figures of 
annual crop losses due to fungal diseases in Great 
Britain, tlie Irish Free State, jAustralia, Holland 
and Switzerland. Cereal losses alone were 
estima.ted at A‘100 millions annually, lie deplored 
the apathy of Government towards organising 
this branch of Agricultural Science and empha- 
sised the need of co-operation between the Plant 
■Patliologist and the Plant Breeder. It is interest- 
ing to learn that scale insects in the Seychelles, 
were effectively controlled by fungal cultures, 
obtained from Mysore, of Cephalosporiuni lecanii, 
which parasitises green bug on coffee. 

The discussion on administrative measures 
(including I.^egislation) against plant diseases 
resulted in the adoi^tion of a i-esolution recommend- 
ing a uniform healtli certificate throughout the 
Empire. The i^ossibility of introduction of plant 
diseases by air transport was also discussed, and 
it w^as recommended that there should be a general 
prohibition of transport by air of living plants. 
Methods of standardization of insecticides and 
fungicides were discussed, with the representatives 
of manufacturing firms. 

The report of the discussion on virus diseases 
of plants and Foot rot of cereals contains valuable 
facts. The need for simplification of control 
measures suited to the small cultivator was 
emphasised, and formed the subject-matter for 
discussion- The important subject of breeding 
and selection for immunity against plant diseases 
w^as also discussed, and papers were read on 
various tropical diseases. The delegates visited the 
Imperial Mycological Institute, and the East 
Mailing Ftesearch Station. 

* * 5l« 

Report of the Veterinary Director-General for 
the year ending March 31st, 1933 [George Hilton, 
V.S.H., A.R.C.V.S.), Department of Agriculture, 
Canada. — One of the most important activities 
of the Department w as the prevention of importa- 
tion of Epizootics especially. Foot and Mouth 
disease from Europe and the United States. 
Progressive measures for the control of Bovine 
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Tuberculosis liavc* been adopted witb tlie co- 
operation of tlie live-stock owners and public 
liealtli bodies, witJi very satisfactory results. 
Attempts to similarly deal with bovine contagious 
abortion also which is gaining in prevalence are 
started. A Virus disease of foxes kept in captivity 
was studied which evidently resembles the dis- 
temper of dogs. A similar disease in sledge-dogs 
was investigated with the help of the Koyal 
Canadian mounted police. Researches into 
Bovine Hiumaturia and Equine infectious 
ana-mia (Swamp Fever) are undertaken besides 
other diseases. 

At the Imperial Economic Conference, agree- 
ment was reached on several points, chief among 
which are reduction of the ciuarantine period for 
animals imported into Canada and curtailment of 
restrictions on Canadian cattle exported to Great 
Britain. 

The most important feature of the report is, 
the splendidly organised campaign for the eradica- 
tion of Bovine Tuberculosis. The measures 
adopted include, Single Tderd policies, Accredited 
Herd plan, Supervised Herd jilan and re.stncted 
area system. In some cities and towns the 
municipal tuberculosis order is in force under 
which dairy cattle are tested fi*ee with tuberculin 
and compensation is paid for reactors which are 
slaughtered. During the year, 79,805 tests were 
made and 087 reactors were slaughtered and 
compensated for under this order. — S. D. A. 

m * * 

Ayinual Report of the Imperial Institute of 
Veterinary Research, Muldesar, for the Year end- 
ing Slst March, 1934. — This report like its prede- 
cessors makes interesting and instructive reading. 
Details of the Establishinent, Estate, Biological 
Products, Technical instruction. Publications by 
the staff and the financial position are furnished. 

The following are some of the important findings 
in the Research Department : — 

Rinderpest : — Further tests with Goat Virus 
as an immunising agent against Rinderpest were 
conducted with encouraging results. This method 
of inoculation has been tried on a much larger 
scale in the provinces and the results are so satis- 
factory — mortality being negligible — that further 
extension of the work is predicted. 

Anthrax : — ^^^accination wdth formalinised 
tissues from animals dead of Anthrax were found 
safe for administration but the immunity conferred 
was not satisfactory. 

Black Quarter : — Finding immunity by 
muscle and culture filtrates not very effective, 
formalinised whole culture vaccines were prepared 
and used for the first time this year with very 
satisfactory results. 

Congenital Amaurosis : — E\ddence has been 
produced to show that the blindness in calves often 
results from a deficiency of minerals or vitamins. 

Ephemeral Fever : — A case of this disease 
has been studied and it has been found possible 
to transmit if to healthy animals by inoculating 
the blood taken at the height of fever although 
animals in close contact would not contract it. 
As this disease seems to be of common occurrence 
in other parts of India, a more exliaustive study 
of it is imperative. — S. D. A. 

* * * 

From a report appearing in Statesman of the 5th 
xApril, it is understood that the Royal Institution 
has decided to establish a Professorship of Astro- 


nomy and that Sir .Tames Jeans has been nomi- 
nated as the first holder of the ( Jiair, 

* s|: 5(: 

The Health Commissioner of the League of 
Nations has arranged for a second course of 
instruction in Malariology which will commence 
at the Xing Edward VI I College of Medicine at 
Singapore on the 20th April 1935. The theoretical 
and laboratory studies will continue until 2nd June 
after which the candidates will proceed in groups 
either to Malaya, Java or French Indo-Cliina 
for a further period of practical field work extend- 
ing over three weeks. Facilities will be provided 
for experienced Malariologists to pursue individual 
research during the period of the course and at 
other times by arrangement with the King Edward 
VII College of Medicine. 

The object of the course is to complete the 
training of medical practitioners who are engaged 
or intend to be engaged in the work of malaria 
control in their own countries. 

* 

Inter yialionaL Committee of Annual Tctbles of 
Constants — A C. — \Ye are informed through the 
courtesy of the General Secretary of this irxiportant 
organisation, M. Ch. Marie, 9, rue de Bagneiix, 
Paris (VI), that the Academy of Sciences of 
U.8.S.R. has signed an agreement with the 
Committee of A.^C. 

This agreement guarantees for the coming five 
yeai’s an important contribution to the Inter- 
national Fund of the publication of A.,'^C. Tii 
exchange the IJ.S.S.R. Academy of Sciences is tu 
receive a certain number of volumes edited by the 
Committee of the A-^C. These volumes are going 
to be distributed among the Universities and 
Scientific Institutions of the Soviet Union. 

Similar agreements have been already signed 
with the French Government, the Lbdvetic 
Government and the Polish Academy of Sciences. 

5|< 5l: »!: 

Tlilger Catalogue F. — Spectroscopic and Other 
Accessories (54 pages, 91 x 7 ins. ; with index ; 
is.sued gratis). Adam Hilger Ltd., 98, Kings 
Road, Camden Road, London, N.W'. 1. — Adam 
Hilger IJd. issue a series of eleven principal 
catalogues of which the present Catalogue F. is 
a member. It deals with the wide range of acces- 
sories and minor apparatus tliat can be supplied 
for spectroscopic and other purposes. Some 
idea of the variety of these can be judged from 
the fact that in its 54 pages the following are 
listed among a large number of otlier items : — 

Couvlensing lens and mounts, mirrors, absorp- 
tion tubes and cells, various types of spectroscopic 
slits and eyepieces, levelling ta.bles, vacuum 
pumps, discharge tubes, sodium and cadmium 
lamps, arc and spark stands, AC — DC rectifier, 
pure and rare metals, Judd I..ewis comparator, 
thermopiles, photo-electric cells, photographic 
materials, and X3ublications. 

On page 40 a description is given of a new 
type of galvanometer relay which is capable of 
increasing the sensitivity of galvanometer systems 
several hundred times. 

A comprehensive index is included. Prices are 
printed in a separate price sheet, a copy of which 
accompanies every catalogue. 

The same firm are also issuing free of charge, 
a convenient stiff card folder in which their 
^ catalogues may be kept ready for reference on 
the bookshelf. 
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,'ni A ysof'ifdrd /^/v.s-.v !n<‘ssa,L»(‘, wc: le;im that 
Ihr 'rilu‘tan (M)V(M‘mn(‘nt !ia,s to a 

I'O Mount. Kv(M'(‘st (lurinj»- 
1 ‘1...)-, >{ ). Ml-, nniiil I\*u1 ha,s acc(‘|)to(] the* 

in\ilaii(>!i (‘xt.<‘n<i(*il hy tho Mount l^jvaM'ost ('oni- 
to t.li(‘ (‘xpodition. 

< Joviu-nnHuil. of halia, havo sarad-ioiKHl A 
llinialayan t^xjMalit.ioiis (1) Dr. Schiobn will load 
a part y (>l (bnana.n Hol.anists, who intond oxi>l(>r- 
in.L^' t.h(‘ l>ot;;nical i)otontia.litios of (dhitral, (2) 
hi’. IMi. ( '. \ iss«‘r, l-lu' N(‘t.hoi*la.Tuls ( 'onsul-(iio!U‘i“al 
in India, and ( 'cyvlon will h^ad atiothor h:xp(‘ditiori 
t his sunmuu’ to t ho Sha,ks,t>^a.ni a,i‘<‘a. in hja,st(‘rrL 
Karakora,nn whioh h<‘ ha.s ' visit(‘d l.wioi‘ Ixdoiv, 
anti (.>)^ Mr, M. tksoa,rra. will It^ad a. hh’tnioh Alpino 
<’lub hi X p(‘(l it ion nt^xt. sunmitu*, t-o (*xploi*o tho 
})t*aks about Haltaro <da.oi{‘i‘, including’ t.lH‘ w<‘ll- 
known K.. , 1 h(‘ s<‘oond hi^iu'st. p(‘a,k in tho World. 

sj« n* 

d h(‘ first, annual oonftM-tnuu' of t-he Bonjj:a.l 
Ihia rtuao(‘ut ioal Association was htdd <lii!-ini.<>‘ th(‘ 
lirst wt‘{‘k ol Aj)ril,Mr. If. ( 'ooptu*, pb.(\, prt'sidiiii^. 
In th(‘ ooui’s(‘ of his a,d<b*<‘ss, Mi*. 1 h*(‘fnaina,nda, I)a,s, 
i’h.c,, as (’hairman of t-ht* Hoot'ption ( ■oinrnitlx^o, 
said that tlu* Association has Ikhui pUmnixi to 
hrin^* tot’td ht'r on a common plat-forin ad manu- 
latdurtM's, wliolt‘satM*s, import.tu's, cduuntsts a,rul 
<lru'j,’ij;isl.s and compoundtu’s with a, v'i(nv t.o 
lacilitatt' niut ual (‘X(dian<i,{‘ of ithxas, oo-op(‘ration 
and Indp to (diminato misundta’standin^, dittioul- 
t it's, drawbatdvs and t lit' most unlHadthy coinpidi- 
tion in prict^-cuttiiii;- iv<i;ainsi. txich oIIum*. The 
Association intends to start a. .fouiaial of it.s own 
\\lii(di will S(M*vt‘ as a. nuslium for discussinji: 
topics of int<‘r*cst. to pharma, cists arid disti‘ibutinL»- 
inforniat ion in t in* va,ria,t.ions in prictxs in tin*. 
World's inai’k<‘t.. 

Ijs »t« 

Di'ath occur’i’cd on lOth Maredt 1935 at tho a^o 
of 7!5 of 1)1’. ('arl Duislx'i’u', (lha.ir*ma.n of [. (I. 
hai’bcn indust. lie a.trd famous (terman (dnanist, 
who disc*ov(‘i’cd Ixm'/opiu'inirin ami brmzozurin. 
ll(‘ was an eminent- <M*.onomic, thinkcu* and indus- 
ti’ial hs’uhu’ ami Indd office as Pr<‘sidont of the' 
llciidi Kcdoi-aiion of (Jerman Industi’y fi'oin 
1925 Ibdl. 

:l: :l: ^ 

W'i' acknowh‘d^i:o wit-li thanks tlu‘ r* 0 (!<npt of tho 
followinjjc : 

“ Ai 4 fi(‘ult.ui‘al ( *a/,(‘t-t,(‘ of N<jw South Wales, 
\'ol. XlA'l, Ihnt 2, h(d>iaia,i*y 1925. 

“ Aetna, lilds Sci(ml.ili<iU(‘S (‘t- IndustrioUes, 
Xos. 17(b 199-192, 19(), 199, 201, 20‘l, 200-207, 
299-2 IS, 221-222, 229. 

“''r}r<‘ dournal of the H.ova,l Sochdy of Arts,” 
Voh LXXXMI, Nos. 1292-95. 


'' Biocdiernical Journal,” Vol. 29, No. 2, Febru- 
ary 1925. 

" American Journal of Botany,” Vol. 22, No. 2, 
Febraiary 1935. 

“Tho .lournal of the Indian Botanical Society,” 
Vol. 12, No. t. 

“The .Journal of the Institute of Browing,” 
Vol. XIjI (Vol. XXXII, New Serie,s), No. 3, 
March 1935. 

“(Canadian .lournal of Research,” Vol. 12, No. 2. 

“(iromical Age,” Vol. 32, Nos. 8I7-S20. 

“ Borichte dor Deutschen Chemischen Gesell- 
schaft, ” Vol. 9S, No. 3. 

l']x peri mental Station Record,” Vol. 70, Index 
NundK‘i*. 

“ Koi*s(imngen und Fortschritte,” Vol. II, 
Nos. 7, .S, 9. 

“Ti‘a,nsa,ctions of the Mining iK: Geological 
Institute of India,” Vol. 29, Bart 4, March 1935. 

“ Indian Trade Review,” Vol. XIII, No. 75, 
March 1935. 

•'Monthly Statistics of the Production of certain 
srdected Industries of India,” No. 8, 1931-35. 

‘'Th(‘ Indian Forester,” Vol. LXI, No. 4. 

“ Oonimunications from the Kamerlingh Onnes 
La.boi*a.tory of tlic University of I^eiden, ” Nos. 229- 
222 ; and Sui)])lement No. 79 to Nos. 229-240. 

“ h\)r(‘st Research in India,” 1033-34, Part II, 

I hjovinrial Reporis. 

“ Bulk ‘tin of the Geological Institution of the 
UiiiviM'sity of IJpsa.la, ” Vol. 24. 

“ R(\sear‘<‘h and Ihogress, ” Vol. 1, No. 1, 
January 1935. 

“ lla.lf-5'ea-rly Joui’nal of the M ysore University,” 
Vol. 7, No. 2. 

“'Mornoii-s of tlie Indian Meteorological Depart- 
ment,” — Vol. 9, Nos. 61-92 and Vol. 5, Nos. 49-60 
Table of contents and errata. 

“Nature,” Vol. 135, Nos. 3408-3411. 
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Verbreitung dei* Ih’ihercn Wasserp Hanzen in 
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“The Journal of Gliemical Pliysics,” A^'ol. 3, 
No. 3. 

“Journal de Chituie. Physique,” Vol. 32, No. 2. 

“Indian Journal of Physics,” Vol. 9, Part III. 

“Proceedings of tl\e Indian xAssociation for the 
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“The Indian Trade Journal,” A^ol. CXVI, 
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SECTION A. 

C. V. R aman : On Iridescent Shells; Part I . 
— Introductory. — W. T. Schmidt’s elaborate in- 
vestigation on tlie cliemical and pliysical nature 
of the nacreous substance is summarised. C. V. 
Raman : On Iridescent Shells^ Part IT. — Colours 
of Laminar Diffraction. — The characteristic iri- 
descence of shells is a diffraction effect which 
appears as one of the orders of spectra produced 
by the periodic structure at the surface of the 
shell. 8. Ohowla ; On Sums of Powers {I I). 
S. CnowLA : Note on Byj>othesis K of Hardy 
and lAttlewood. .T. B. Seth : A Jiecjularlty 
observed in the Second. Spark Spectrum of Iodine. 
Akshayananda Bose : The IFeisa Corwta.nt of 
Paramayneiic Ions in the S-State, Part I . — 
Aqueous Solutions of NI anganous Salts. — Careful 
measurements on aqueous solutions of MnCE, 
Mn(NO;i) 2 !. MnSOi show that there is no 

deviation" from the theoretical simple Curie law 
of temperature dependence, A moment of 29.3 
to 20.4 Weiss magnetons is found for.?dn++ ion, 
in agreement with the theoretical value 29.4. 
G. V. .Tadhav and Y. I. Rangwala : Bromination 
of Substances conta.ming iivo AronLatic Nuclei, 
Part II. — Bromination of Phenyl and Cresyl Esters 
of m- and. p-Nitro Benzoic Acids.— -It is found 
that bromination proceeds readily without a 
carrier with phenyl m-nitro -benzoate and phenyl 
and 0 - and m- cresyl p- nitro-benzoates, while with 
other esters, the presence of nitric acid is necessary. 
Hansraj Gupta : On the p-Poiency of G {n, r). 
11. IjESSHEIM and R. Saaiuel ; On the Pair 
Bond Theory of Valency. — Chemical union is 
regarded as mainly an effect of the degeneracy 
due to the electrons. This leads to an electron 
pair bond theory of valency. According to this 
view, which is supported by spectroscopic evi- 
dence, tlie various additional liypothe.ses .such 
as the octet rule and its extensions are unnecessary, 
SPICTION B. 

B. N. vSiNGH, R, B, vSiNGH AND K. SiNGH : 
Investigations into the Water Bequirement of 


Crop Plants. — The paper deals with the water 
requirements of 57 different species and varieties 
of crop plants grown at the Experimental Station 
of the InstiiAite of Agricultural Research, Benares 
Hindu University. ^B. N. Singh and R. K. 
Tandon : Temperature-absorption char aderi sties 
during germination in seeds of different structure 
and biochemic constitution under varying concenira- 
Hons of oxygen and ivater supply. — The results 
of an experimental study of water absorption in 
thiiteen varieties of seeds at different temperatures 
and three distinct environmental conditions— 
maximum water — no free oxygen ; moisture and 
air conditions maintained at optimum level ; and 
atmospheric moisture witli free aeration. B. R. 
SESi-TACHAii. : The Golgi bodies in the Erithrocytes 
of Iclithyophis glutinosus. T. EkaiubahajM and 
Rama Rag Pan.te : Contributions to our know- 
ledge of BaAanophovsi. — Investigations of a South 
Indian form of Batanophora dioica R.. Br., sliow 
that the life-history of the plant is a normal 
angiospermous sexual cycle with reduction-divi- 
sion (normal type) and a strong evidence of 
fertilisation. Col. I. Froilano de Mello : 
On tioo spiral organisms living iyi the iniestmal 
'tract of Gallinula chloropus, L. — One type, trepo- 
nema, identified as cin avian variety of spirochvia 
eurygirata \Vern 0 r emend. Fantriasm ; tlie othor 
type, spirella, differing from the genotypf.' 
S. regandi in having two anterior ilagella and 
classified as spirella, gallinuloe sp.n. K. M. Gupta ; 
Critical remarks on DipterocaTpoxylon Burmense 
//o/r7c??.— Irrawadioxylon Gon Nov. S. K. Pande : 
Notes on the Ayiatomy of a, Xerophytic Fern, Nipho* 
bolus adnascens/ro?u the Malay Peninsula. — This 
epiphytic fern shows well-marked xei'opliytic 
adaptations. K. Rami.-vh, N. Partitas aratiiy 
and S. R am an u. I am : A Tetraploul plant in 
Wild Rice — Oryza I.ongistaminata. — For tlic first 
time a tetraploid plant of Oryza Loyigistaminaia is 
described. 


Reviews. 


Through Space and Time. By Sir James 
Jeans. (Cambridge University Press, 1934.) 
Pp- vi 4-224. Price Ss. 6d. net. 

Some one has described Sir James Jeans 
as a ''man of science” who is also an artist. 
To this we may aptly add that he is a lite- 
rary scientist. The lay reader eagerly wel- 
comes any composition, from tlie pen of 
Sir James Jeans, as he has the unique gift 
of making the story of science fascinating 
to the general reader. 

The book under notice is the latest of 
Sir James’ popular books on Astronomy and 
Astrophysics. It is based on the series of 
lectures delivered by him at the Royal 


Institution during the Christmas of 193:>. 
The book itself is divided into eight chapter;^ 
under the following headings : — Tlie Earth, 
the Air, the Sky, the Moon, the Planets, 
the Sun, the Stars and the Nebulae. 

At the very outset the author proposes 
to take his readers on an imaginary journey 
through space and time and make them see 
for themselves the wonders of the universe. 
To begin with, in the first chapter, we are 
asked to delve into the bowels of the Earth. 
Here the author tells us the story of evolu- 
tion in a simple and attractive manner. 
The prehistoric dinosauri and other monsters 
I are brought before us and we learn of them 
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as if at first hand. The picture of the 
Diplodociis as a monster weighing as much 
as a whole family of elephants — ‘‘Father, 
mother, children and perhaps several uncles 
and aunts as well” — is amusing if not en- 
tirely truthful. 

The chapter on “the Air” is mainly meteo- 
rological — treated so as to make it interest- 
ing to people who have not had the advantage 
of being trained in that science. 

In the first two chapters Sir James Jeans 
is not in his element — he is not a palaeonto- 
logist or a meteorologist though he has the 
rare faculty to make anything he handles 
interesting. 

In the third chapter, the classical theories 
of cosmogony of Ptolemy, Hipparchus and 
others are lucidly expounded so that even 
children could peruse them with proftt. 
A notable point in this connection is the 
way in which Sir J. Jeans explains away the 
difficulties raised by Tycho Brahe — who 
could not understand why the sky did not 
change in appearance from time to time if 
the earth were moving in space. Jeans 
compares the earth to a rose bud in a vast 
garden and man crawling like a green by 
on the rose bud could not discover any 
re-arrangement in the remote reaches of the 
garden — and for the same reason ve are 
unable to detect any change in the arrange- 
ment of the stars even though the earth is 
hurtling in space at the rate of about 18 
miles per second. The problem of the 
expanding universe has been propounded in 
an admirable manner and the comparison 
of the nebula3 to drifting straw bits on an 
ever-widening river is particularly striking 
as it effectively brings home to the mind of 
the reader such an abstruse thesis as this. 

Certain very minor slips have crept in, 
probably during the passage of the book 
through the press, as for example, on page 
142 where a reference is wrongly made to 
an illustration of Mercury. 

The book, we have no doubt, will be a 
very useful addition to all public and private 
libraries — and must certainly be read by 
every one who wishes to be acquainted with 
the recent scientific developments. The at- 
tractiveness and simplicity of style and the 
homely exposition of abstruse scientific 
theories, must create a great demand for 
this book. We regret that we have no such 
Institution in India which could arrange 
similar lectures. Sir James Jeans is always 
read with avidity wherever English language 
is spoken and in this little book he exicels 


himself. We hope that many more equally 
entertaining and informative books will 
be lorthcoming. This little book deals with 
great problems in an easy and charming 
manner which every great scientist and 
school boy can read with profit and pleasure. 

C. N. E. 


L’Electron Positif (No. 182 of Actualites 
Scientifiques et Industrielles). By Ir^ne 
Curie and F. Joliot, Paris : Hermann et 
Cie. 1934. Price 10 fr. 

The contributions of Mme. Irene Curie and 
M. F. Joliot to the subject of the present 
volume have been of fundamental import- 
ance. After the discovery of the positron 
by Anderson had received confirmation by 
the work of Blackett and Occhialini, Curie 
and Joliot showed that the positrons must 
be due to the conversion of y-rays into 
matter. The whole story of these discoveries 
is well told in the brochure before us which 
provides an authoritative and complete 
account of the experimental studies dealing 
with the positron. The theoretical aspects 
are only mentioned in passing. Four plates 
containing beautiful photographs of the 
tracks of positrons enhance the value of the 
work. We should like to mention in passing 
that calling the positive electron sometimes 
as positron but more often as positon leads 
to some confusion. Similarly the abbre- 
viation for electron-volts is given variously 
as eV., ev,j and e.Y. Apart from these 
minor matters^ and some three typographical 
errors on p. 3, 1. 7, p. 8, 1. 2 from bottom 
and p. 11 legend to Fig. 3, we have no hesi- 
tation in welcoming the appearance of the 
monograph as most opportune. 

T. S. S. 


The Poetry op Mz\thematics and other 
Essays. By David Eugene Smith. Pub- 
lished by Scripta Mathematica, Yeshiva 
College, Amsterdam Avenue and 186th 
Street, New York, N.Y^. 

This is a neat little book of four popular 
essays by the well-known author of the 
Plistory of Mathematics. The object of 
the author seems to be to furnish material 
which will interest not only teachers of 
mathematics but all who recall their contact 
with the subject in their school or college 
days. 

The first essay deals with features common 
to poetry and Mathematics, such as Imagi- 
nation, Ehythm and Symmetry. The se- 
cond gives a really novel view of looking 
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at Eeligion in a mathematical way, namely, 
drawing inferences from a definite set of 
postulates. The author has given a lead 
to the theologians hy a model example. 

The third and the fourth articles are 
merely biographical notes on Thomas 
Jefferson, President of the United States, 
who took a great deal of interest in Mathe- 
matics and especially Astronomy and M. 
Monge, the celebrated mathematician of 
differential-equations fame and his associa- 
tion with the French Eepublic as Minister 
of Marine and later with i^apoleon Bona- 
parte. It is curious that in France of all 
countries mathematicians easily find a place 
in the government of their land, the late 
M. Painleve being the most recent and 
outstanding example. 

The essays are extremely readable and 
interesting to the professional as well as the 
amateur mathematician, and the book will 
easily be a useful addition to all our school 
and college libraries. 

B. M. ]sr. E. 


Analyse deb Mecanismes Ohtmiqles chez 
LES Etres Yivants. By T. Cahn. (Her- 
mann et Cie, Paris, 1934, Pp, 23.) 8 fr. 

The composition of several biologically 
occurring substances is little knowm, the 
concentration in which they occur is too 
small in many cases, and the physico-chemical 
conditions in which they exist also play an 
important part. In spite of all these diffi- 
culties, chemical analysis of the organisms 
can give important information regarding 
the mechanism of the reactions in living 
bodies. After an interesting introduction 
to the subject, the author has given in this 
monograph an account of particularly the 
diastatic reactions occurring in the tissues, 
and the knowledge that can be gained about 
their mechanisms from a study of the con- 
centrations and nature of the coferments 
occurring in them. 

M. A. a. 


Hydrostatics and Mechanics. By A. E. 
E. McKenzie, m.a. (Cambridge Universitv 
Press, 1934. Pp. 272.) Price 3^. 6d. 

The book is the first of three volumes 
covering the sections into which Physics is 
usually divided and deals with that portion 
which is usually regarded by students as the 
dullest part of the subject ; but the author 
has eminently succeeded in presenting the 
subject in an interesting and practical, and 
therefore useful, manner. In dealing with 


pressure in liquids, an account is given of 
utilisation of water power by harnessing 
water falls and building dams across rivers, 
and the practical aspect is stressed by calcu- 
lations made without entering too much 
into technicalities — an aspect which deserves 
to be emphasised in high schools and inter- 
mediate colleges. Similarly, practical treat- 
ment is adopted in dealing with the principle 
of Archimedes, theory of machines, and the 
parallelogram law. The diagrams are very 
neat and the pictures lucid. Examples 
worked out are ax3t. 

The book deserves a place in the libraries 
of high schools and junior colleges. 

K. N. Kind 


Simple Science. By E. FT. da 0. Andrade 
and Jullian Huxley. (Basil Blackwmll, 0.x- 
ford. Pp. 688.) Price Ss. 6d. net. 

There is a feeling among educationists 
that all is not well with the science syllabus ^ 
in the secondary school. The remedy sug- 
gested is not so much a curtailment of the 
scope of the subjects as a judicious redistri- 
bution and inclusion of the biological sciences I 
as an integral part of the course of study in ! 
science. Here, it may not be out of place i 
to put in a word for greater attention to | 
be paid to Biology. Though many phases | 
of life are affected by scientific advance, \ 
and biology can claim a fair share of the | 
credit, still it will hardly be too much to say 
that to most people Biology is only of second- I 
ary importance — Physics and Chemistiy I 

coming in for the. largest share of tlieir | 
sympathy. Besides, it is thought tliafc the ; 
interest in Biology is purely academic. 
However, it is refreshing to note that in the { 
series of popular books wliicli Professors 
Andrade and Huxley have written, tlnv 
have in a great measure, overcome this 
shortcoming . 

The book under notice is divided into three 
parts. In the first of these the authoi's 
have endeavoured to idace before the young 
reader for whom it is intended a general 
outline of the Katural and Physical Sciences. 

In doing this the authors have developed 
a method that is all their owm. Among 
several instances we may cite, — one feels 
particularly impressed by the way they 
stress, — '‘that all things obey laws”. The 
law that governs Stellar motion can with 
equal facility be apxfiied to the motion of 
every other moving system in the universe. 
Another admirable example of a similar 
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kind is the way they impress the impondera- 
bility of energy. Actually energy is not a 
material thing, but is an agency capable 
of different manifestations. To bring home 
this idea to the young reader the authors 
have by an array of ingenious examples 
striven their utmost. Needless to say they 
have succeeded completely. An abstruse 
concept such as Heredity is lucidly ex- 
pounded and is treated in a laudable manner. 
Simply and clearly the^^ have taught that 
like brings forth like. 

In the second part — Science and Life 
(review Curr. Sci., May 1933) — the elemen- 
tary laws of Physics and Chemistry together 
with those of Biology are explained in a 
praiseworthy fashion and is a logical sequel 
to the first part. 

In the third section — ^Eorces of Nature — 
a more detailed and advanced treatment of 
the subject-matter of the two previous 
books is given. A notable feature of this 
book is that wherever possible the everyday 
aspect of scientific knowledge has been 
emphasised. Technical applications have 
been accurately described without the em- 
ployment of jargon. 

In conclusion, we have no hesitation in 
recommending this book as suitable for 
courses of study in the lower forms of 
secondary schools. We hope that the autho- 
rities will appreciate the efforts of the authors 
and lend them the supx)ort they so well 
merit. Again, we may congratulate Pro- 
fessors Andrade and Huxley on having 
produced this eminently readable work, 
deserving a place in all the libraries both 
public and private. 

C. N. K. 


Your Meals and Your Money. By Gove 
Hambidge, Whittlesey House. (McGraw- 
Hill Publishing Co., Ltd., Aldwych House, 
London, W.C. 2, Pp. xviH~i79. 1934.) 
Price 6s. net. 

This is an interesting book full of practical 
suggestions for securing a complete diet 
based on different levels of income. It seems 
to us that the book will be found useful not 
only to parents but to the statesmen who are 
both concerned in the health and efficiency 
of the people. To the general Medical 
practitioner, it is almost indispensable. 

The author bases his book on the U. S, 
Department of Agriculture circular caUed 
“Diets at Four Levels of Nutritive Content 
and Cost”, by Hazel K. Stiebling and Medora 
M, Ward. It is almost superfluous to point 


out that a sound and detailed knowledge of 
food should have a direct bearing on agri- 
cultural policies. The cardinal principle^ of 
all such policies must be to encourage the 
production of the right kinds and the right 
quantities of foods, and it is obvious that the 
general public must have authoritative facts 
about diet in relation to their well-being, the 
standards of good nutrition and the factors 
in the selection of the right type of diet for 
the promotion of health and efficiency of 
people. In India the great majority of 
people have practically no knowledge of the 
nutritional requirements and standards and 
the nutritional values of common foods and 
especially in tropical countries where the 
climate is so inhospitable, every wage earner 
should have an adequate information about 
what to eat, how much to eat and how much 
to spend on himself and his family for food. 

The book will, we expect, be received in 
India with enthusiasm. It gives in a simple 
and complete manner an account of the 
researches and conclusions of scientists, which 
result in lixing standards of nutrition for 
different classes of people ; the practical 
bearing of these standards on their meals ; 
the w^elfare of the nation which depends on 
liow its members (^at and the adjustment of 
agriculture from which the supply is ob- 
tained. A perusal of this extremely inter- 
esting book wall Convince the readers that 
the diet of the people affects their welfare 
and productive efficiency which in their 
turn determine the character of their agri- 
culture. Tlie chief problem with the Indian 
population is what foods they should buy 
out of a given amount of money each week 
so as to secure the greatest possible nutritive 
value out of them. India wants definite 
dietary pattenns for the use of her poor and 
rich families such as Stiebling has prepared 
for the use of American families and which 
are presented in the book witli illuminating 
commentaries. 

The book is divided into seven chapters, 
and the first one deals with the proximate 
principles and general problems. The 
second chapter which deals with “costs” 
deals with the family budget in relation to 
standards for safeguarding the health of its 
members. Four different plans are given 
over expenditure, and every one of these 
is calculated to ensure the necessary elements 
in correct proportion suited to age, occu- 
pation and finance. Naturally these plans 
or patterns discuss groups of foods and their 
contribution to the diet and the third chapter 
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is devoted to a detailed examination of each 
class of food-stuff in order to bring out the 
significance of balanced diets. The next 
two chapters discuss quantities and nourish- 
ment which are clear statements of scientific 
facts of great importance. Chapters six and 
seven which deal with thrift and national 
well-being are the most important sections 
of the book, and we can hardly think of 
any one who can afford to be independent 
of a complete knowledge of both. In the 
supplement is given retail prices of food 
materials used in computing costs for the 
four plans. 

The chief merit of the book is its simple 
and clear exposition of the scientific re- 
searches and conclusions of a large body 
of American scientists and economists, and 
the wealth of information contained within 
its compass is as rich as it is varied. Indeed 
this is a family dietary book and every 
householder who can read and write the 
English language must possess a copy of it. 

''Analar” Standards for Laboratory 
Chemicals. Formulated and issued jointly 
by the British Drug Houses, Ltd., and Hop- 
kin and Williams Ltd., London. 1934. 

There are perhaps very few publications in 
which the chemist will find such an indispens- 
able wealth of material as the one before us ; 
during the conduct of his scientific work, 
It is supremely important that he should 
be aware of the purity of the materials he 
handles and for this purpose, it is very 
desirable that he should avoid the tedious 
testing of the materials by being able to 
rely upon each substance conforming to a 
specific standard. This need is supplied to 
a generous extent by the book before us which 
has been published as a co-operative effort 
by Messrs. British Drug Houses Ltd., and 
Messrs. Hopkin and Williams, Ltd., the 
two well-known firms who have for several 
decades now principally concerned them- 
selves with the manufacture of fine chemicals 
for Laboratory use. The term 'Taboratory 
chemicals ” is used comprehensively to include 
“chemicals for analytical, research, teaching 
and all other laboratory purposes.” The 
two Firms have hitherto had their individual 
books of standards and by pooling together 
their knowledge and experience their chemi- 
cal staff have brought out a highly useful 
and up-to-date volume and thereby earned the 
gratitude of the Chemical world. The book 
deals with some 200 substances and in each 
case the physical and chemical properties 


are listed and thus forms a valuable record 
of the chief properties of the chemicals with 
which it deals. Quantitative assays for 
the chemicals have been prescribed and the 
minimum percentages specified. The 
maximum limits of impurities are also listed. 

The book deserves to find a place in the 
hands of every chemist. It may also be 
mentioned here that the Firms liave now 
placed on the market all the laboratory 
chemicals listed in the volume, under the 
trade name “ Analar ” which carry a 
guarantee of *■ ‘ purity ” . 


Yirits Diseases of Plants. By John 
Grainger (Oxford University Press, London. 
Pp. 102.) Price 6s, net. 

The subject of virus diseases of plants is 
one of great interest not only to those who are 
interested in the fundamental aspects of the 
problem but also to practical agriculturists 
who are deeply concerned with the welfare 
of their crops which are affected by a number 
of virus diseases. Dr. Grainger's contribu- 
tion to this subject in the form of a text-book 
provides introductory information on this 
important aspect of plant pathology. 

The author has incorporated a good deal 
of his own experience in this field and the 
experimental technique described on soni(‘ 
aspects of the subject provide sufficient detail 
for enthusiasts to conduct experiments on 
the field with crops whicli may be affected 
with disease. The numerous references cit(Hl 
at the end, constitute a useful feature of the 
volume. 

M. S. 


Biology for Everyman. By Sir Arthur 
Thomson. 2 Vols. Edited by E. J. Hohn- 
yard. (3. M. Dent & Sons, Ltd., London. 
Pp. 1600, 1934.) Complete. Price Ifi.v. net. 

We have taken some time in reading these 
two volumes, and as we were not obsessed 
by any apprehensions of an Exaininatioii, 
we must say at once that we have derived 
great pleasure and instruction from t.lieir 
perusal. Thomson was always a skilful 
writer, possessed a clear and deliglitfiil 
style, besides a complete knowledge of all 
the branches of Biology. The present 
volumes which are full and aiitlioritative are 
a great achievement, surpassing anj^ of his 
previous publications in scope and treatment. 
Singularly enough they do not produce the 
nausea usually associated wifii Text-Books 
and the intention of the author as well as 
that of the publisher s^ viz., that they should 
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Im‘ mid }>y without 

in >1 li(‘!’(‘(l by t<x*]ini(*aliti(\s luid ])r()lV.ssional 

d(‘t:iih is iidiui ruibly rullilKMl. 

1 ht‘ two voluuu\s UiiH^ (livi(l(‘(l into roiir 
lM)oks. 11i(‘ (irst V(dimi(‘ is taluui up with 
fbH)k f \vlii(*li is <l(‘\'ot,(‘(l t o trcait nuuit. of 
I ho u?m.( <)mi(';i,l ('luiriM*t.(U‘ist.i(*s, tjixonoiny, 
bionomics, (‘colony and aiUHNstiral history oi’ 
! ho nuunluu's of t lu' di(T(U‘(uit. })hyl:i of t lu^ 
animal kin^’dom. ''riu^ scu'ond voiunu^ c.oin- 
pris(‘s t h<‘ n(‘xt. thr(‘t‘ books. ^rh(‘ s(‘(‘ond 
l)ook (hails with tlu‘ ^’(‘ucuail prinoiph^s UiUd 
philosopliy oT /;oolo<»y. ddi(‘ plaint, world is 
oonsid(u-(‘(l in liook HI, and in sixtcaai 
ohaptio’s, wo ha.v(‘ a. ('hair and aid(‘qi]a.t(‘ 
account of tlu^ llow{‘rin.i!: aiud non-ll()W(‘rin^* 
plants. d.di(‘ Tourth r>ook is (W'(‘.lusiv("]y 
ocoupiiMl with t.h(‘ story of man. Evany 
chapt(‘r is at taaict iv(^ and instructiixa^, and 
th<‘ (‘ntii*(‘ (‘xposition is siinph^. aiiid (uninently 
laaidabhn hiV(‘n t.h(‘ lay laaidcr is abl(‘ to 
follow tht‘ ar^'unumti of t.hc fundanunital 
sci(‘nt ifn* priiudph^s, while t he students 
(d’ bioloyy ar(‘ ofteiaal a const. ruet.ivi^ and 
syulh('ti(' (‘X])osition of t.he dilleiandi aspinds 
(d‘ f>i(doo*ica.l knowhal^an Th(‘ ))ook may 
b(‘ iistMl t lun’(d’or(‘ by th(‘ ^’(uun'ail la'aidiw for 
approciat in.ii' lh(‘ hioloi'Eail ])h(ni()ni(‘na. a.nd 
by th(‘ syst (‘niat.i(‘ stiuhnits of sci(‘n(*(‘ for 
purpos(‘s of (‘xaininaition. d'o c.ontbin(‘ tJie 
inl<*r<‘st,s <d’ t)H*s<‘ two .(da-ss<‘s of r(*aders, 
which ar(‘ not. (mtiiady idcmtical, is a task 
woi’lhy of a, .ij^aaniti sci(Mitist., amUtilu' t.wa> 
voliinnas r(‘pr(‘S(niti U/ la-ndma-rk in th(^ history 
of sclent itic books. Tluy (‘.()nst itut(‘ a ixreat 
aiH^ in<lisj)ensaibh‘ publicaitioii usc'ful a.Iike. 
for study aiiid ladennuan 

d'owards tih(‘ idos(‘ of tln^ second volvnne 
tin* aut-bor strikes ai hi^^’h (‘t.hicail not(‘, and 
w<‘ cannot ('oiichuh* ttiis bri(‘f r(*vi(‘w l[)etter 
t han (iuot(' t in* followini? ini})assion(‘d paHsa.^'e: 

'riiUH t.h<' rap of joy or sorrow nuiy h(i loo Cull 
to {u)lil witiiouti s()iu(‘ (‘xpr(‘.ssi(>n of religious C(H‘l- 
iiio,'; or nian may tiud hims(.^lf balked practically 
wlnai ho has done all t-ha-t mortal ma.ti can t))mk 
<d; or lu‘ may how oV(‘i‘-aw(‘d in facu'oC tl\(5 luys- 
t (•rioosii(*.ss of Natui’(‘ a.nd his place in it. TJm 
rx pros;j‘ions of t he r(‘ligious mood may he priinitivci 
liardlx' rising above* ana{)peail ti(j ma.gie or rek'ip.siiig 
to that- ancient system of hidic'f, l)Vit th«‘y ai'C 
somoliin(‘s so nol)I(5 t.ha.t they Jtiiist ranked 
among man’s liigh<‘st aelrkwemnuits. On the intel- 
locttial si(h‘, th(‘y oCtcai join liamks with pluloso- 
phy, on tin? (‘motional side with art, on thci 
praethja.l sidt^ vvit-h the (uuh'avour a, fber goodness ; 
imt. t in* word Mndigion’ is niisused if it does not 
imply a r(‘eognition of the mystical or spiritual. 
In scum* way and in some degree the religious man 
is alvN'a ys s(‘n(ling out tendrils tow'ards the iSui^ronie 
Itealit y ; which he usually names to himself as 
(iod.”‘ 
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ELEMKNTAltY MICROTECHNIQUE. By H. A. 
Peacock. (Jildward Arnold & Co., London, 
19;:15), Pp. vi-!-200. 

Mr. Peacock deserves to be congratulated 
on his extremely useful book on Miero- 
teclmique for beginners. The new book by 
Mr. Peacock, iindc^r review, gives us in the 
lirst f(wv pages an exact and current idea of 
tin*, st.riicture of tlie cell including t he ennil- 
soid nature, of protoplasm and also a brief 
a(*.c()unt of the ])rotoplasmic and metaplasmie 
bodies. Aft(‘r describing the objects of 
lixat.ion {vlz.^ to obviate postmortem 
(dianges, to raise the refractive index, to 
in(W(‘ase tlie resistance of cells to solutions 
of varying osmotic ])ressures and to beconui 
aimuiable to stains), staining (where the 
physi(*al and chemical theories are touched 
upon), differentiation, etc., the author gives 
a tabular statement; (wliich is a ready 
r(‘ckoner) of the more important fixatives 
and their actions on cells and tissues. In 
t.he chapters on methods for specific pur- 
pos(^s and ns(‘s of stains, he deals with the 
various fixatives and stains which can be 
us(‘d for tlie demonstration of the various 
organs of the*, different groups of animals 
and plants. The m‘xt chapter — Formulae 
and llints — is not only useful to the student 
working in a histological laboratory but also 
t-o a r(^.s(^ar(‘h worker. As the book aims 
at broadcasting only (dement.ary micro- 
tecdinique, tine im])ortant subjects like fixa- 
tion and (lifixu’ential staining for the proto- 
plasniic and deutoplasmic bodies in the 
c(‘lls and also the various methods for the 
n(‘rve.s and their peculiar endings are 
omittxHl. Wo would certainly welcome a 
hook which gives us a comprehensive and 
aiitlumtic data for the clear exposition of the 
mitochondria and golgi bodies and various 
kinds of fats by select and differential 
staining. 

Th(‘. get-up of the book is excellent and we 
rc'commend it to every beginner in the 
field of microscopic anatomy. 

The book contains throe appendices in 
which valuable information is given on the 
sources and culture of material, the pre- 
servation of material and finally a complete 
bibUography. g 

(JOKFESSIONS OF A SCIENTIST. By Eaymoud 
L. Ditmars. (The MacMillan Co., New 
York, 1934.; Pp. xii+241. Price 10s. net. 

Headers of Dr. E. L. Ditmars’ Reptiles 
of the World will welcome this book which 
is, however, full of interest not only to the 
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scientist, but also to the general readers. 
It is true tliat there are not very many 
thrilling- eA'periences recorrled in tills book, 
but the account of his scientific expeditions 
and Ills descriptions of the habits of some of 
the animals kept in the Zoological Park, 
hlev' York, furnish extremely interesting 
and profitable reading. ,'Dr. Dilmars has 
loving sympathy for the animals in his 
charge, is an intrepid explorer forgetting 
dangers in the midst of excitement, a re- 
markable power of observation and has a 
quaint manner of telling his experiences, and 
a combination of qualities which impart 
to his books th(i interest and wide circulation 
which they deserve. 

The first chapter gives an account of the 
fruitless adventure in Panama in quest 
of bushmaster, a deadly viper with a head 
about the size of a man's fist, and the snake 
itself attaining nine feet. Instead of the 
dangerous prize he was seeking after, Dr. 
Ditniars obtained a baby boa constrictor in 
the cabin of the ship’s captain. He accepts 
his failure in the spirit of a sportsman. The 
second chapter opens with an account of 
the author’s talk on the “dragon” lizard, 
iguanas and a large tarantula. This is 
followed by the story of a hunt for crickets 
and cockroaches. The chapter is full of 
humour. Two chapters (III and XIII) are 
devoted to the treatment of the habits of 
vampire, a blood-licking bat of the tropical 
America and some new observations on their 
mode of locomotion on the ground , their 
feeding and their appearance after a full meal 
are recorded. Every chapter is fascinating. 
The antlior is ” also a lllm producer. To 
produce moving pictures of animals even 
in cages, especially of such dangerous ones 
as the mamha, is always attended by 
lous excitement. Chapters VII, VIII and 
IX deal witli this phase, of activities of 
Dr. Ditmars. Chapters X and XI inform ns 
about the use of cobra venom in the treat- 
ment of malignant tumours and of the poison 
of Tarantula in tliat of leprous growth. There 
is incidentally an account of the motion 
picture taken through the microscopes by 
Dr. Heinz Eosenberger, of the “good” and 


“bad” cells and the role they x^lay in the 
Xuoduction of abnorm-al tissues. The most 
amusing ei)isode in tlie book is the successful 
tlieft of ten of the most beautifully coloured 
snakes iu the collection and the offenders 
proved to be school boys whose, zeal for 
science had temporarily obscured their sense 
of misdemeanour. 

We scarcely remember reading a more 
interesting book in natural history. This 
one is i^acked with information over a wide 
range of subjects, and is told in a crisp style 
relieved by delicate toncluvs of hiimonr. It 
is an excellent ('ompanion to the author’s 
bigger book The Beptiles of the World. Wu 
have read a most enjoyable book. 


A GeRMAN-ENGLISH DrCTIONARY FOR 
Chemists. By Dr. Austin M. Patterson. 
Second Edition. 1935 (John Willey and 
Sons, Inc. ; London, Chapman & Hall Ltd.) 
Price 15.S'. 

Since its first publication in 1917, this book 
(so also its com])anion volume — the French- 
Engiisli Dictionary by the same autlior) 
has w'on the reputation of being iiiA^alnabh* 
to all English-knowdng chemists. This can- 
not be otherwise, as there are few books 
which are equally liandy, and. yet provide 
such a useful assemblage of wonl-ineaniiigs. 

The present edition comprises about 42, ()()() 
entries and as the author has mentiomul iii. 
the preface, reflects the growdli of the science. 
The author has been assisted, in his task, 
among others by the staff of the Chemical 
Abstracts who, more than anybody else, are 
in a position to x)oint out new German 
words and their meanings tliat have conn* 
into common usage in cliemical lit(‘rature. 
The blue additional sheets which were so 
conspicuous in the later impressions of the 
previous edition liave now^ disappeared and 
the present vocabulary witli its familiar 
flexible binding will be welcomed by all. A 
book so well-known to the Chemists, the world 
over, needs no elaborate' notice ; we liavt* 
only to commend to their attention tlu'. new 
edition with a large number of new entric.s 
and numerous additional meanings of old 
words. 
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twenhy-ilfth anniversary of the 
^ King’s aecession to tlie Tlirone was 
e.(d(J)rat(sl on Monday the dtli of this month 
with grt'at rt^joicing tlirongliout the British 
l{lnipir{‘. Tn tlie official form of iirayer and 
of tlianksgiving iJi’eseribed for use on the 
aiispieious occasion by tlie Metropolitan of 
ih(‘ Provinc(‘ of India, there is a striking 
passag(‘. \vhi(di comes nearest to the senti- 
nunits of tlic- millions of .King's loyal subjects 
and w{‘ i‘(‘produ(*(‘ it lieri^ : 

“it is V(M*y moi*!, right and our boimdcn duty 
tliai w(' should givo thanks to Thee, O Lord, 
Holy Fatluu-, .Alniighty, Everlasting (iod, for 
tlint 'Thou w'cist phrased as on this day to set 
Thy Sei*va.nt, Our Sovereign Loid, l\ing George, 
lOmperor of India, upon Ills Throne and hast 
pi'otect(‘(l hiiu in days of sickness and of health 
throughout Ids reign of live and twenty years. 
lh)i‘ the example of increasing service .set hy him • 
and hy our gracious (pieen Mary ; for the strength 
and st(‘ad fastness bestowed on him and on the 
Eation in years of war and of manifold anxieties ; 
for t.h(‘. ]ov(‘ and loyalty borne to liim by a great 
fanuly of peo])l(‘s in all paiTs of the world, we 
laud and magnify ddiy glorious name. We bless 
'rh(‘(‘ for ine.iMNVse in the kiKiwledge of Thy mar- 
V(dlous woi'ks, in ea,re for tho.se who sulTor from 
sickm^ss or th<‘ la,ck of work, in desire that all 
nmn (‘V(‘i-yN\’b(‘r(‘ nuiy U\'e in peace and enjoy 
th(‘ fruits of their labour. For the.se and all 
oIIhm* Thy nuu'cies vouchsafed to us, C) I'ather 
.Almighty, We yi(dd 'Plu'e unfeigned thanks.” 

Pomp iiud ]>a,g(‘aiildy arc survivals of dim 
aui-iipiity but thiy arc the only means of 
(hv pressing the niTection and loyalty of the 
p(H)j)l(‘ to th(dr Hiov(U‘(‘ign. They are ephe- 
in(U'a.l. Th(‘. historian who chronicles the 
(‘V(Mi(s of tlu^ first (piarter of the twentieth 
c.entury has to portray them uninMiiouiced 
hy Mi<'‘ nmgnilic(mt ijopular demoiLstrations. 
li'is Maj(‘sty's ndgn is an eventful one. 
Pnforiuna.t(dy the history of the last twenty 
y(Mirs is a. record of iinfuKilled ideals and 
'frustrated a(‘hi(‘v(un(vnt in the political, eco- 
nomic. and social asijocts of national life. 
It is no doii])t t.ruc that progress lias been 
made in many liedds of human endeavour, 
bill, it lias prouu)t(‘d neither general welfare 
nor happiiKtss. The Great War which broke 
out, in. th(‘. (‘arly jiart of JTis Majesty^s reign, 
dislocated (‘.very department of public life 
in a inauiuu' for whicdi history scarcely 
furnishes a parallel, and from the coiise- 
(][ucnces of which the combined effort of all 
the statcAsmen have not rescued the world. 

Practically every civlised state passed 
through giTUit and terrible experiences during 
the past twenty years, and • international 
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j(‘a]oihsi<‘s an<! (‘(‘orioniii* ri\'ailri(\s }ia\'<‘ Ik^- 
Mh‘ i(I(‘a,Is for wliicli \Va.r was 
rouii’lit. Tlie iiniroiMU <*luHM‘fuln(\ss and l.lin, 
iinoi)tnisiv(‘ rcaulirasss with \vhi(*h His Mapj(\sty 
has endcaivoiinal to c.ontribiito to tlu‘ solut ion 
of the most' outstandiiiir post-war probkuus 
will I’onn an illinninatin^* chaptor in the his- 
tory ol; this period. It. would be pessimistic' 
to maintain that tliere has bc^cm no progress, 
but th(^ rc'siilts liavc' not been (tomnumsuratc^ 
with the possibilities of esta])]ishini^ peac'.e 
and (‘.oneord whicdi still elude tlu' ^n‘a.sp of 
tlie world’s aldest statesmen. Itowcwcn*, the'. 
Kini>'’s dubilee messapje, ‘“1 dedicate myself 
anewv to your service for the years t hat tuay 
still be given me, ” ought to (ill the liearts 
of nations with frc'sh hopes for tlu'. achievc^- 
ment of international goodwill and a-mity. 
Their attainment depemds not on tlu' lengtJi 
of our prayers, nor on the skill in diplonmey, 
but entirely on tlie measure of scdf-saerilicje 
and the breadth and kincllinc'ss of humanity 
which we bring to bear on tlu^ solul.ion of 
the difficult and intricate probicuns whicdi 
confront th(‘ League^ of .Matious and Intcu*- 
national f'onfcrcnces. We have to substitute 
tne spirit of Christian liumility for thc^ 
language of patriotism in tlie settlemcmi. of 
world’s affairs. The anniversary whicdi was 
recently celebrated has a dewper signilic*.anex^. 
for the Hritish ('ommonwc^alth than a display 
of loyalty to the CTown : it is an invitation 
to the genius of the Empire to jiut forih 
fresh exertions in the int.ernational (‘.onueils, 

“Till each man find his own in all men’s j^ood. 
And all men work in nobl<^ brotluM'luxxh” 

and for the achicwcmicmt of tills end, thc^ K ing 
has oflbred Ids gracious co-opcu'ation in liis 
broadcast message. The int(W(\st whicdi 
foredgn countrievs have sliown in tlic^ cud(d)ra- 
tion of tlie Silvcn Jubilee may b(^ rc^gardc'cl 
as olfering fresh hopes of interiiaHonal 
collaboration in reconstructing the eo.onomic*, 
fabric of the world. 

In the wholes, history of civilisation, tlierc'. 
is no more psychologically puzzling jiheno- 
menon than tlie situation in tlie yc‘ar of the 
Silver Jubilee. All tlie nations as if by e,oni- 
inon consent have drifted from the patli of 
peace, sanity and wisdom, and unclcw the 
malign influence of the Political and Econo- 
mic "Legion”, they are precipitating down 
the Gadarene slopes to submergence. Tlie 
Great War was fought to save civilisation, 
liberty and democracy ; these ideals are 
smoke-screened by political iiassions and 
economic restrictions ; the bitter lessons of 
tnilitari^m have only led the nation? to sow 


frc'sh Dragon t-cadh ; tlu' idc'als of the (‘hured 
and th(' edaims of cauumon humanity liu-vi 
almost^ beam forgot ttm in t.lu‘ t ra-nsa(d ions o 

I intmaiUitioiiahifrairs. It. is ycd. f)<)ssibh‘ t.hat t,li 
auspiedous ainiuversa.ry of th(‘ vSilver JuIhUm 
may be*, tlu^ oc*.casion for Ihc^ birth of a nei 
and moving hop(‘ to caummt. int'Cnnil ion;) 
sym})a-lhy, camlicbmcH' a, ml friemdsh ip, willi 
out which t h(' ]>(‘rph‘xiiig [irolihuns which inn 
c'oufrout. civilisiitioii will iiiudly ovcuavlnh 
huimuiity, if th(\v air<‘ not wisely Inindh^d t, 
coiujiass a. higluu* unity a-nd a broinh* 
synthesis. In t.hc‘ politiea.l ;ind (‘coiiomi 
etondied.s, we forgc't. t.lu‘ <'sseiu‘e of huina 
nature^, its scaih' of v;iiii(‘s, the' mc^aning an 
])iir|)os(' of socdal exist-cuna', its <b‘sir(*s an 
as pi rat Jons. 

Thc‘ mult.iple c.ont.ra.dicd.ions of the* pnssci 
stag<^ of (dvilis;it ion must Ix' du(‘ to the hu 
that whilc^ t.hc' progre^ss of sidcmei' has ci 
dowed man with almost. Ihhulous po\v(‘] 
for conla’olling his (mvironnient a.nd ndiiiiii 
his miiturc^ it- ha-s in t.lu' ^qyh<u•<‘ of theugl 
ajiparcmtly dissocial. cal t.h<‘ human sf)ir 
from t-he world va-lu(‘S in whiidi im'vilahl 
it has its (‘xist-im(a‘. \dew(*d from a supc 
(icial sta-nd[){>int-, sidmua' would appear I 
h;iv(‘. (auiK'. up ;iga-inst- (-h(‘ mi'aniiig an 
pnrpos(‘ of huma-n natiiia' a-ml this layidhsii 
has afbad.ial otlun* liidds of Ihouglit ai:; 
act-ivity so (aymphdady tlia.t furlher progn' 
in t}i(‘ ()Ut-(‘r a.ml inmu' lile stamrs to I 
barnal nnh'ss a. bridgi' is thrown aau’oss jl 
chasm whiidi s(q);i.ra(-(‘s fa-ith a.nd a.tdiou ai 
idiads and |>ra.(d.i(a‘. Idu' ineiaaising ;ippr 
(dat.ion of tlu'. fumdions of sidiana* in civi 
sat-ion may Ix' hopial t.o laanovi* sm-h ant 
nomii's whiidi gianuailly airis(* from lal 
e.mphaisis on, va-Ia(\s ami from tr<*a(uieiit - 
in(a)mpl(d.(‘ or inn-eonra-l (‘ premist's as if (h< 
are wlioh^ and linal. A giaait. psyidiologic 
event whicdi Inis it-s root.s in th(‘ luairl of tl 
nation li;is oft-cm dadUad.cal th(‘ eurriad 
])ublic affa-irs, a-ml t-h(‘ t>ilv(‘r Jubihaa whi< 
has sl-iriaai t-iu' ima-gina-tion of (hi* who 
Empire', may, if its spirit, is understoo 
pevrhaps jirovcy to Ix' t.lx' turning point of 11 
fortiiiK'S of t.lu' gri'a-tly distractcal ai 
pcnph'xcal world. In this nohh' task, t: 

genius of t-lu'. ( 'ommonwcaill h is Ixdiind t 
(Soveuavign. 

Ills Majc'sty as t-lu' iulHuator of the rii 
traditions of t.Iu^ Throne' a-nd of Mu' aediit'V 
ments of tlie Ikit.ish rave is a- laqinssemtati 
of the national histiory. lie is the' tanaie 
stone of the Empire. Tlu' alTeadion ai 
esteem in whiedi liis sulije'cds liold 1: 

I Majesty and the singular popularity whii 
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he enjoys throughout the world by the 
sympathy and tenderness with which he 
approaches international problems are an 
invaluable asset for the Ihnpire. The wmrld 
can pay no nobler tribute to its greatest 
monarch on this auspicious occasion than re- 
explore the possibilities of achieving inter- 
national peace, prosperity and contentment. 
All the nations of the world have, in a 
smaller or greater measure, contributed to 
disorganise the international economic struc- 
ture and to arouse mutual suspicions, jea- 
lousies and passions ; and in rehabilitating 
international lif(‘- on the basis of goodwill, 
truthfulness, honesty and amity, the con- 
tribution must be made in a spirit of Cliristian 
humility. The diiferent races have to make 
large sacrilicc^s in the interests of limnanity 
and live as a brotherhood of nations and 
not divided into warring camps. 

Tt is in this spirit of broad kindliness and 
sympathy that Ilis Majesty’s reply to the 
Dominions representatives is conceived and 
it is worth reproducing in full : 

‘‘Thore is a word which gladdens me, more 
especially when I lieai* it used by friends from 
tlic overseas, many of wliom say, when they visit 
this country “tlioy are coming* liome”. It is in. 
this spirit that t lie (l,ueen ainl I meet you to day, 
you who represent the vast teriltories, tlie Domi- 
nions, the Colonies, tlie pi’otectorates and my 
peoples in India and the dwellers in tlie countless 
Isles of the sea fi-om tlie Pacific to tlie honiewaters. 
We greet the Prime Ministers of tfie Dondnions, 
now Cipial partners in tlie Umpire, and tliank 
them for the addresses from tlieir l^arliaments 
which they have handed to me. We welcome one 
and all to our home. 

‘‘Eventful your visit caimot f<dl to be and T trust 
it will be happy also. When the time comes for 
you to return, I would ask you to take back, 
each to his own people, a message of affection 


to every member of this great family, of which 
I am so proud and thankful to be the head ; 
and a message of deep grafitude for the loyal 
and kind words which you have spoken on their 
behalf. Aou all, wlio are here to-day and who 
hold responsible positions, will best know what 
an inspiration and encouragement your words 
are to me to continue the task which, 25 years 
ago, I set myself to do. Before I succeeded my 
father, the Cbioen and I had the privilege of : 
studying firsthand the Dominions Overseas and 
India,. We were fellow-travellers then, as now, 
comparing notes and sharing impressions. W'e 
treasure these memories and keep them alive. 
Moreov^er, wlia,t we forget, our four sons are now 
able to recall. Many years before our happy 
partnership began, I had, as Midshipman, sailed 
the seven seas and J realised early that the Empire 
lias many climes but one spirit. 

**1 regard this as a uni<iue gathering where we 
can tell one another our successes a.s also our 
failures and ndstakes, but there can be no sharp 
criticism nor vain regrets, for wc are, in sympathy, 
one with another, conscious that we have acted 
according* to our lights for the good name and 
ordered prosperity of the family. We ai'e some 
time told that we are lacking logic, and that 
our political institutions are loose and undefined ; 
but I look back on the trying and testing tjme 
through which we have passed and wonder 
whether a less flexible sy,stem would have with- 
stood the strains to which we have been subjected. 
A'ith conmion-sense and goodwill a,s oui* shield 
buckler, we have kept in spite of all difficulties 
our heritage — liberty alike for the individual and 
our ma,ny constituent races. The numberless 
a.nd invisible ties, sentiment and tradition, whicli 
bind us togothei*, are indeed delicate, but many 
strands make the cable strong to bind in times 
of advei'sity. Tt is my prayer, no less than my 
firm belief, that this bond of spirit may prove 
also the bond of a peace. wSome of you are, with 
a few happy exceptions, about my own age and 
I pray for the continuance of God’s blessings on 
your laboui’s. \N'ith llis help, I will work on 
kdth you in the years that remain for that object 
which has ever been next to my heart' — welfare 
of the mother country, tlie Dominions Overseas 
and India, their luappiness and their good repute. 


Coloured Races in South Africa. 


rpiIE news of tlie appointment of a 
Commission of Enquiry by tlie Mi- 
nistry of till', Interior, Fusion Government 
of South Africa, for the investigation of 
social, educational and economic needs of 
the Cape “coloured” community, will be 
welcomed by all those interested in the 
qu 3Stion of race and colour. The ’ ‘ coloured ’ ’ 
races are the admixture of the white Euro- 
Iiean and the native Hottentot, Negro, and 
Malays. The “coloured” man is a sb^ni 
dweller in the town. The death rate is 
2 -I times as high among the “coloured” 
race, as among the white ; the death rate 


due to tuberculosis among the European is 
0*68 xier 1,000 while it is 4*69 per 1,000 
among the non-European. Bad housing, 
insufficient food and miserable industrial 
conditions, are responsible for the heavy 
death toll and a searching enquiry into the 
causes of the unhappy state of affairs is 
imminent. The appointment of the Com- 
mittee indicates that thoughtful South 
Africans are becoming increasingly uneasy 
with the conditions of the unfortunate 
“coloured” races and that they are out to 
eradicate the distress among them. 
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Light Scattering and Raman Effect. 

By S. Bhagavantam. 


Introduction. 

?T^HE discovery of the Eaman Effect in 
.1928, has created a new chapter 
in the branches of spectroscopy and mole- 
cular physics with the result that the phe- 
nomenon of liglit scattering, which interested 
only a few men of science in the past, has 
become the subject of intensive investiga- 
tion in recent years in various centres of 
research. The extreme rapidity with which 
the concerned literature has grown renders 
it very difficult to present a concise and 
complete picture of the advance that has 
been made in different branches of physics 
and chemistry. In a few publications, well 
known to the workers in the field of light 
scattering, Kohlrausch,^ Weiler,- Placzek^ 
and others^ have successfully attempted 
to give authoritative and up-to-date sum- 
maries of the subject from time to time. 
The purpose of the present article is to give 
a very brief account of the discovery and 
the development of Eaman effect and its 
relation to Eayleigh scattering with special 
emphasis on the more important fields of 
research that have recently been opened up. 

Eayleigh Scattering. 

The idea that the blue colour of the sky 
is the result of the scattering of sunlight 
by the molecules of the atmosphere was 
first put forward by the late Lord Eayleigh 
who also ventured the s .ggestion that the 
known imperfect polarisation of sky-light 
might in part be due to a lack of spherical 
symmetry of the molecules.- All subsequent 
work supported this theory of the blue sky, 
and experimental investigations by Cabannes, 
tlie present Lord Eayleigh and others fur- 
nished confirmation of it by observations of 
such scattering made in the laboratory. 
The recognition, by Professor Eaman, that 
the blue of the oceanic waters is another 
natural optical phenomenon which presents 
a close analogy to the blue of the sky was 
another important stop in the history of the 
subject. These fundamental observations 
were soon followed by intensive and detailed 

^ K. W. F. Kohlrausch, “Der Smekal — Raman 
Effekt” (Julius Springer) and other articles. 

- J. Weiler, Physikal. Z., 1932, 33, 489. 

^ G. Placzek, Handbuch dei' Radiologic, 1934, 2nd 
Edn., 6, 205, and earlier communications. 

^ S. -Bhagavantam, hid. Jour. Phys., 1930, 5, 237. 

^ J. Hibben, Chem. Rev., 1933, 13, 345, 


experimental investigations in India and 
other countries which were intended to 
discover the various laws governing the 
phenomenon of light scattering. The first 
important observations relate to the fact 
that the light scattered in a direction trans- 
verse to the incident beam invariably exhi- 
bits a state of partial polarisation, the 
degree of depolarisation or the ratio of the 
horizontal to the vertical components being 
characteristic of the substance under in- 
vestigation and its state of aggregation. As 
the subject advanced, it has become clear 
that this phenomenon is of a very general 
nature involving the solution of fundamental 
questions regarding the interaction of matter 
and radiation and a systematic study of 
substances covering the widest range of 
physical states and conditions has been 
undertaken by Eaman and his collaborators 
at Calcutta. Such investigations revealed 
that tnere are two types of scattering wdiich 
may respectively be termed the density 
scattering and the orientation scattering. 
The density scattering arises from the 
existence of a molecular chaos in the medium 
giving rise to local fiuctuations in density 
and its intensity is therefore jmofouncliy 
influenced by temperature, state of aggre- 
gation, compressibility and such other factors 
which characterise the medium as a whole. 
This type of scattering is con] pletely plane 
polarised in the transverse direction. The 
orientation scattering on the other liaiid 
owes its origin to an optical asymmetry of 
the molecules which constitute the medium 
and orientate freely in it and is thus deter- 
miued primarUy by a property of the indivi- 
dual molecules and not the medium itself. 
This tyi:)e of scattering is nearly completely 
unpolarised. 

The earlier investigations based on both 
visual and photographic methods, while 
thus leading to a clear recognition of the 
fact that the scattered beam in general 
consists of two parts wdiich are fundamentally 
different, also led to the belief tliat these 
two types are superposed on each other 
resulting in an admixture of a completely 
polarised beam witli a partially polarised 
beam. No indications Averc forthcoming 
'which suggested that a change of wave- 
length is possible in the process of scattering 



CURRENT SCiMCE 


527 


May 1935 ] 


and no attempts were made to experi- j 
mentally separate the different types of 
scattering'. Progress in the subject was 
liampered by the limitations inherent in the 
methods of observation and it was not until 
the discovery of the Eaman effect that the 
full significance was realised of the above 
results and of the necessity of separating 
the different types of scattering. 

Kaman Effect and its Eelation to 
Eayleigh Scattering. 

The earliest indications of the existence 
of a new type of scattering are available 
from the investigatiims of Eamanathan at 
Calcutta in 1923. Ey interposing a filter in 
the path of the incident beam which con- 
sisted of a concentrated track of sunlight, 
he limited the spectral range of illumination 
and found that most liquids exhibited 
a feeble trace of scattering in the transverse 
direction even when examined through 
anotlier filter complementary to the one 
placed in the incident track. This observa- 
tion gave an unmistakable indication of 
a new type of scattering which differed 
from the incident beam in having an altered 
wave-length and persistence of tliis phe- 
nomenon even after the liquids had been 
carefully ])urified by repeated distillation 
showed that it did not arise from any 
impurities in tlie manner of fluorescence or 
otherwise. The necessity of spectroscopic- 
ally separating from the general scattering 
the track observed through the comple- 
mentary filter soon became clear. It was 
realisecl that the scattered beam visually 
seen w^as a composite effect in a much wider 
sense than w'as till tlien presumed, as it 
consisted of a whole spectrum of different 
wave-lengths even when the incident light 
was restricted to a narrow^ spectral range. 
A mercury arc was substituted in the place 
of filters and sunlight and a spectrograph in 
the place of the eye. Systematic investiga- 
tions carried out by Kaman with a variety 
of substances revealed the presence of a 
number of sharp lines or bands which were 
not present in the light of the mercury arc.*^ 
This forms the starting point of the study 
of the Kaman effect and the experiments 
were immediately extended to a large 
number of liquids, solids, gases and vapours 
and in a few months after the discovery it 
was found that one of the most powerful and 
yet easily accessible fields of research in 

^ C. V. Raman, Lid. Jour. Phys., 1928, 2, 387. 


the study of the structure of molecules had 
been opened up. The technique was greatly 
improved and the general features charac- 
terising the Kaman spectra were rapidly 
discovered in the following years. 

Besides the lines originally present in the 
incident radiation the scattered spectrum 
usually consists of new lines or in some cases 
bands and unresolved continuous radiation 
shifted from a parent line by different 
extents. Each line in the incident spectrum, 
if of sufficient intensity, gives rise to its own 
set of lines and bands and the frequency 
shifts are independent of the nature and 
position of the incident radiation and are 
therefore only characteristic of the particular 
material studied. The individual Kaman 
lines show generally great differences in their 
intensity and wddth and their number and 
variety are found to increase wdth increasing 
complexity of the molecule. Just as the 
Eayleigh scattering exhibits depolarisation, 
the Kaman lines and bands exhibit a variety 
of polarisation characters. Some of them 
are strongly polarised and others highly 
depolarised. Attempts to interpret these 
apparently different types of Kaman scatter- 
ing (sharp lines, broad lines, diffuse bands, 
continuous spectrum, unresolved wings asso- 
ciated with the original lines, etc.) and their 
widely different intensit^’^, structural and 
polarisation characters revealed an intimate 
connection of these features witli the struc- 
ture of the scattering molecules and the 
mechanism, of the phenomenon of scattering. 
Subsequent experimental and theoretical 
investigations have resulted in a considerable 
advance of our knowledge regarding these 
questions. 

Generaj. Theory of the Kaman Effect. 

The simplest picture that may be obtained 
of the production of a Kaman line has been 
proposed by Kaman himself’ and consists 
in regarding tlie collision between the mole- 
cule and a light quantum as satisfying the 
law of conservation of energy. The equation 
hv 4-Molecule (normal)±z;/ 2 'V* -J-Molecule 

(excited) 

represents the passage of a molecule from 
a normal state to an excited state the energy 
of the light quantum diminishing from hv to 
hv^ if the transform.ation proceeds from left 
to right and vice versa if it proceeds in 
the opposite direction. As a result of the 
collision, the molecule is left in a state of 
■ altered energy and the light quantum as it is 
scattered, supplies or takes up the difference 



528 


CUnRENT SCIENCE 


[May 193d 


of energy as tJie case may be. This mani- 
fests itself as a Eaman line shifted from 
the position of the parent line by a distance 
equivalent to the energy change. Theoreti- 
cally it is possible to conceive of the molecules 
changing either their electronic, vibrational 
or rotational energy alone or any combina- 
tions of these with the' result that one should 
expect different and eomplicated types of 
Eaman scattering which are respectively 
analogous to the cases of electronic (visible 
and ultraviolet), vibrational (near infra-red) 
and rotational (far infra-red) spectra of mole- 
cules. This implies the appearance of very 
complicated Eaman spectra which may be 
directly correlated with the absorption 
spectrum of the substance in the visible region 
if we are dealing with electronic transitions 
and in the infra-red region if we are dealing 
with vibrational or rotational transitions. In 
practice, however, it is the latter type tliat 
are frequently met with in Eaman spectra* 
and we need consider only tliese in the 
following pages. 

After a few preliminary investigations, it 
soon became clear that there is no exact one 
to one correspondence between Eaman lines 
and the infra-red absorption spectra and it 
was concluded that the simple equation, 
while indicating that an energy change 
similar to the one occurring indirect absorp- 
tion is also responsible for the production of 
a Eaman line, is not adequate enough to 
give a complete picture of the phenomenon. 
The primary defect of this equation is that 
it does not tell us anything about the relative 
probability of each one of the several transi- 
tions that are possible between the various 
stationary states of a molecule if it possesses 
more than two such states. In other words 
we cannot anticipate the relative intensities 
of various Eaman lines. 

A satisfactory explanation of these and 
other facts on the basis of the Kramers- 
Heisenherg dispersion theory has been worked 
out by Langer'^ Hill and Kemble^, Van 
Vleck^^, Manneback^^ Placzek^ and others 

* The electronic type of Raman Effect has been 
detected only in one favourable case (See Reference 
■7), The reason for such an infrequent occurrence 
of this type is presumably the large change of energy 
that is usually involved. 

7 F. Rasetti, Phys, Rev., 1929, 34, 548. 

^ R. M. hanger, Ph\s. Rev., 1929, 33, 1097. 

0 E. L. Hill and E‘ C. Kemble, Proc. Nat. .lead. 
Sci., 1929, 15, 387. 

10 J. H. Van Vleck, Proc. Nat. Acad. Sci, 1929. 
15, 754. 

11 C.’Manneback, Z. f. Phys., 1930, 62, 224. 

y- C- Manneback, Nature, 1930, 125, 88. 


and it was evident from the investigations 
of these authors that the selectiou rnlos 
controlling the appearance of a Eaman line 
are very different from those that favour the 
production of infra-red absorption and as 
such a certain lack of correspondence between 
them should be expected. The general 
results of the Kramers-Heisenherg dispersion 
theory and its detailed application to diatomic 
gaseous molecules are contained in a veiy 
important paper by Manneback^ who, 
besides furnishing for the first time quantita- 
tive expressions in certain simple cases tor 
the intensity and polarisation characters 
of Eaman lines, brought ont a very funda- 
mental relationship between the optical 
properties of the molecule and the pheno- 
menon of Eaman scattering. Tie showed 
that just as the intensity and depolarisation 
of the Eayleigh scattering are intimately 
connected wdth the refractivity and aniso- 
tropy of the scattering molecailes, so also 
the intensity and depolarisation of The 
Eaman scattering are consequences of tlie 
existence of a finite’ variation of these quanti- 
ties (refractivity and anisotropy of the 
molecules) with varying nuclear distances. 

Exactly similar conclusions liave been 
readied from diilerent x>oiiDts of view by 
other investigators and t tie fundamental 
ideas underlying the theory have been 
successfully extended to polyatomic mole- 
cules by Flaczek'* who worked out in great 
detail the intensity and polarisation 
characters that are to be expected for various 
lines due to molecules possessing different 
types of symmetry. 

Vibrational Eaman Lines : Problems 

RELATING TO THE STRUCTURE OF 

Molecules. 

As has already been remarked, the number 
and variety of Eaman lines given hy a 
substance increases rapidly with tlie com- 
plexity of the molecule and it becomes 
increasingly dirhcult to interpret the results 
in a complete and satisfactory manner. 
Nevertheless, conclusions of outstanding 
signilieance have been drawn by Granesaii 
and Venkateswaran^% Daure^h Dadieii and 


S. Bhagavantam, Ind. Jour. Phys., 1931, 6, 351. 
J. Cabannes and Y. Rocard, J. Phys. et Ic Rad., 
1929, 10, 52. 

A. S. Ganesan and S. Venkateswaran, Ind. 
Jour. Phys., 1929, 4, 195, and subsequent papers. 

P. Daure, see numerous papers by him in 
Comptes Rendus and Annales de Physique. 
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Ivohlrausch^^ Bonino and BrulP® and others 
from a study of the Kaman spectra of 
complicated organic and inorganic molecules. 
The identification of certain frequencies as 
characteristic of definite groups or linkages 
has been of immense help in determining the 
constitutions of molecules. The problems of 
distinguishing different isomers with the 
help of Eaman spectra, of following physico- 
chemical transformations such as association, 
dissociation, polymerisation, hydrate forma- 
tion, esterification and numerous other 
changes which involve an alteration in the 
structure of the scattering unit have usefully 
engaged the attention of workers in this 
field. 

Even more fruitful are the investigations 
relating to simpler substances and in certain 
cases detailed studies have shown how 
remarkably the ultimate structure of the 
molecule comes into evidence in the Eaman 
effect. The most striking case has been 
tliat of hydrogen and the pioneer work of 
McLennan and his collaborators^^ with this 
substance lias furnished the first experimental 
proof of the existence of two forms of 
hydrogen and of the process of slow trans- 
formation of one form into the other at 
liquid hydrogen temperatures. 

Subsequent investigations by Easetti and | 
others"® with many simple gases have led 
to a direct and accurate measurement of 
tlieir vibration frequencies. Special mention 
may be made here of the cases of COo, CSo, , 
KoO and vSOo. These triatomic molecules, 
in view of their simplicity, have been tli,e 
subject of intensive investigations and 
evidence is to-day available which definitely 
decides the structure of each one of these 
molecules. Only a brief mention will be 
made here of the main results. The spectra 
of GO., and GSo are very similar in that two 
prominent and closely situated Eaman lines 
are observed, each of which has in addition 
a faint component. The strongest line in 
each case corresponds to a symmetric expan- 
sion of the molecule and is not represented 


A. Dadieu and K. W. F. Kohlrausch, A series 
of about 40 papers have been published by these 
authors and their collaborators mainly in Akad. 

PViss.j Wien. 

G. B. Bonino and L. Brull, See numerous 
papers by these authors in Gazetta Chimica ItaL, and 
Rendiconte Acad. Lincei. 

J. C. McLennan, Trans. Farad. Soc., 1929, 25, 
797. 

20 R. G. Dickinson, R. T, Dillon and F. Rasetti, 
Phys. Rev., 1929, 34, 582, and other papers by Rasetti 
himself. 


in infra-red absorption. The two principal 
infra-red absorption bands on the other hand 
at 675 and 2350 cm."^ in GO., and 397 and 1523 
cm/^ in OSo are not represented in the Raman 
effect.* All these facts point to a linear 
symmetrical structure of these two mole- 
cules. The case of jSToO is on a different foot- 
ing as the strongest line in the Eaman- 
spectrum is represented by a w’-eak band 
in the infra-red absorption and one of the 
principal absorption bands at 2226 cm."^ is 
also represented in the Eaman-spectrum 
quite unlike and COo. This indicates 
an unsymmetrical linear structure for IT.O.r 
Contrary to all these cases, the triangular 
shape and the consequent polarity of the 
SOo molecule come into evidence in its 
Raman-spectrum in a striking manner as 
it consists of one sharp line and two diffuse 
bands all of which are represented in the 
infra-red absorption. 

Investigations with slightly more compli- 
cated molecules of the type AX 3 , AX^ and 
AXj 3 besides furnishing for the first time a 
direct measure of the fundamental vibration 
frequencies in certain cases have revealed 
interesting relationships between the nature 
of the constituent atoms and the binding 
forces. Extensive theoretical calcula- 
tions"^ "" made with a view to 

quantitatively account for the number 
and actual values of the observed frequency 
shifts in the Raman spectra of these molecules 
have revealed the necessity of taking into 
account a variety of interatomic forces and 
the results obtained are of special interest 
from the point of view of the building up of 
molecules. 

Intensity and Polarisation Characters 
OF Raman Lines. 

All the above conclusions regarding the 
structure of molecules have received 


* There is a very weak band at 400 in the Raman 
spectrum of liquid carbon disulphide. This should 
be regarded as an exception. 

t That the structures of CO 2 and N O differ in 
that one is symmetrical while the other is unsymmetri* 
cal is also evident from the fact that the phenomenon 
of alternating intensities is seen in the rotation 
spectrum of CO - and not N O. 

21 Urey and Bradley, Phys. Rev., 1931, 38, 1969. 

22 Vedder and R. Mecke, Z. f. Phys., 1933. 86, 137. 

23 O. Redlich, F. Kurz and P. Rosenfeld, Z. f. 
Physikal. Chain., 1932, 19 , 231. 

2J: D. M. Yqst, C. C. Steffens and S. T. Gross, 
Jour. Chem. Ph^s., 1934, 2, 311. 

2^"* N. S. Nagendranath, Ind. Jour. Phys., 1934, 8, 
581 ; and Proc. Ind. Acad. ScL, 1934, 1 , 250. 

2« Q. B. B. M. Sutherland and L. M. Dennison, 
Proc. Ray. Soc., 1935, 148 , 250. 
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independent confirmation from a study of the 
intensity and polarisation cliaracters of the 
various lines in Eainan spectra. In spite of 
the more numerous experimental difficulties 
in the way of an accurate study of these 
features, results of fundamental and far- 
reaching importance have been obtained. 
Definite progressions in the intensity and 
polarisation characters of the corresponding 
lines in the Eaman sx^ectra of analogous 
molecules such as the trichlorides or the 
tetrachlorides have been discovered and a 
a correlation is found to exist between tlie 
characters of a line and the type of symmetry 
of the oscillation giving rise to it." An 
application of the polarisability theory by 
Placzeh to special and simple cases like 
COo and CSo, whose vibrational spectra have 
been the subject of important theoretical 
investigations by Fermi, Dennison and Plac- 
zek, has raised several fundamental issues. 
This resulted in a detailed experimental 
study by recent investigators of the intensity 
and polarisation phenomena in the Eaman 
spectra of these molecules "" and a 

more or less complete and satisfactory 
explanation is now available of the origin of 
the numerous lines exhibited by them. It 
has already been remarked that the presence 
of a w^eak, broad and depolarised Eaman line 
at 400 cm. in liquid carbon disulphide 
should be regarded as an exception.-^ A 
feature of these molecules, which is of further 
interest, is the existence in them of a special 
type of resonance giving rise to Eaman 
lines which are to be regarded as overtones. 
The relatively low^ energy of the first vibra- 
tional state is also responsible for the presence 
of Eaman lines which represent transitions 
from the first excited state to a higher vibra- 
tional energy level. These characters are 
somewhat exceptional as they are not fre- 
quently met wdth in Eaman spectra. 

Investigations of this type liave also, been 
extended to more complicated molecules 
and results of great theoretical importance 
obtained in connection wuth the ratio of 
intensities between stokes and antistokes 
Eaman lines, dependence of the intensity and 
polarisation of a Eaman line on the frequency 


A. Langseth, J. U. Sorensen and J. R. Nielsen, 
Joiu'. Chem. Phys., 1934, 2, 402. 

A. Langseth and J. R. Nielsen, Ph\s. Rev., 
1934, 46, 1057. 

1. Hansen, Phys. Rev., 1934, 46, 122. 

A. Veerabhadra Rao, under publication. 

S- Bhagavantam, hid. Jour. Phys., 1932, 7, 79. 


of the exciting radiation, variation of inteir 
sity and polarisation wdthin the structure of 
the line itself and other allied problems. 

Eayleigh Line : Its Fine Structure and 
Accoaipanying Wings. 

It has already been mentioned that the 
Eaman spectra fall into two major classe.s 
which arise respectively from the vibrations 
and rotations of the molecules. Till now 
w^e have dealt with only the former typ(‘. of 
Eaman scattering. The latter type manifestus 
itself as closely spaced lines or unresolved 
wings in the neiglibonrhood of the Eayleigh 
line. It is for this reason that the Eayleigh 
lines obtained in tlie Eaman spectrum of a 
substance are not usually sharp even when 
the incident light is strictly monochromati(‘. 
Such a broadening or dilTuseness has been 
first recognised in liquids by Eaman and 
Krishnair- who associated it wdth rotation 
of molecules. Subsequent investigations relat- 
ing to this aspect of the subject ivere liowever 
confined to gases and have revealed th(‘ 
presence of similar wings in tlieir scattered 
spectra but contrary to the case of liquids 
these could be resolved into scq)arate and 
closely spaced lines under suitable conditions 
and definit(dy attributed to the rotation of 
molecules as tlieir positions could he 
correlated with the moments of inertia of the 
scattering units. Tlie ver^^ admirabh*. work 
of Easetti, Wood and others on the Eaman 
spectra of simple gaseous molecules lias 
furnished convincing proof of tlic above 
statements. Amongst the many notable 
results obtained liy tliese investigators men- 
tion may be made of tln^ plienomenon of 
alternating intensiti{‘S amongst the rotation 
linos of liydrogcn and nitrogen gases. This 
discovery has led to an accurate and direct 
determination of the ridative poiinlatioiis of 
the two dilT(u*ent kinds of hydrogen. niDleeiileH 
and to a recognition of tlie important fact 
that the nitrogen nucleus, wdiilo poHS(‘Ssing' 
a spin moment of one Bohr unit, conforms to 
the Bose-Einstein statistics and not to the 
Fermi-Dirac statistics. 

In liquids, on the other iiaiid, detailed 
investigations on the subji^ct were lacking 
for a long time and the diffuse wings noticed 
on either side of the Eayleigh lines ivere 
attributed to tlie rotation of liquid molecules 
only by analogy with tlie case of gases. 
Systematic experimental studies carried out 


C. V. Raman and K. S. Krishnan, Nature, 1928, 

122 , 278 . 



May 1935] 


CURRENT SCIENCE 


531 


by a mnnl)(‘r of investii^ators'^’^ 
havi^ ivc.(aii-ly brouo-lit to'li^'lit some 
(*ant and fuiKhuiumtal difrerenc.c^s between 
th(‘ wind's t]ia,t an^ met with io liquids and 
t]H)S(' obta-iiUMl in o-ases. In most liquids, tlie 
distribution is sneli tliat tlie wing starts with 
a. nva,ximum intcuisity at the centre itself 
and (^xt(mds to mueli longer distances than 
is (‘xpiu*h(Ml on tlie basis of Maxwcdlian 
distribution of rotational (uiergies. That 
such a plumoimmon cannot b(‘ explained as 
diu‘ wholly to t.he rot.ation of molecules and 
tlnit Idu' ])al t(‘rns in liquids should Ix^ rc^garded 
as supiu’positions of a rotational Uaman eifect 
on a,not'h(‘r aiid mor(‘ complex spectrum 
cha,ra,c.t<‘ris1d*. of the solid state lias first been 
pointed out, by tlu^ [iresent writer Striking 
r(‘sult,s in this dinudaon have reecmtly been 
obt,a.in(xl by (iross and Yuks'*'* wdio showed 
t.ha,l, t,h(‘ wings obscuwed in liquid benzene, 
napht ludmu^ and diphenyl ether are reidaced 
by broa.d ba.nds wlum the Uaman spectrum 
of thes(‘ substances is studied in the solid 
st-a-t-e. It is suggested that these bands 
broa.d(‘n out, into a continuous spectrum 
in t.h(‘ lifiuid stafe and the obs(‘rved wings 
r(‘sult, from n, sufuu'fmsition on this of tlie 
pure rotation pattern. This result implies 
i,haf soni(‘. charact,(‘risti(*.s of the solid are 
[)r(‘S(‘rv(Ml b(‘yond the melting j.ioint of the 
subst'anc(‘ a,nd is of gnxit signilicance as it 
opmis up a n(‘W line of investigation which 
proniis(‘s to tbrow^ light on the important 
(pHNstion of the nat.ure of tlie liquid state. 

IniinnUidy (*.onnected with, this aspect of 
t li(‘ su])j(‘ct, is th(‘ plnmomenon of line striic- 
tur(‘ of t.h(‘ Ivaykdgh scattering in liquids 
di.scov(‘r(‘d by (Iross^*’ wlio examined the 
s(*af t,(‘r(xl lin(\s undxu* high dispersion and 
found a. wlioU^. stM‘i(‘s of satellites on either 
si<b^ of a (HUitral lin(‘ wdiich is itself in the 
position of th<‘ iiuaxhuit radiation. Several 
inv(‘st.igators'‘' have subsequently 

J. Weilcr, Z. /. Phys., 1931, 68, 782. 

A. Ktmsscl, P/iys. cl Ic Pad., 1932, 3, 555. 

S. V. Raiigiinridhan), hid. Jour. J*hys., 1932, 7, 

353. 

vS, iniaj.iavautani, hid. Jour. Idiys., 1933, 8, 197. 

vS. Hlia/^avaiUani and A. Vccraldiadra Rao, hid. 
Jour. Jdiys., 1934, 8, 437. 

A. Vrcrabhadrii Rao, hid. Acad. Sci., 1934, 1, 

274. 

th dross and M. Viiks, Naiure, 1935, 135, 100; 
and 1935, 135, 431. ^ ^ , 

'10 Iv. dross, Z. /. Phys., 1930, 63, 685; and sub- 

seciiient papers. ^ ^ 

•«> J. Cabannes, Trans. Farad. Soc., 1929, 25, 800; 
and subsecjnent pa^iers by himself and his collaborators. 

M:. Vachcr, Compi. Pend., 1930, 191, 1121. 

Rafalowski, Nature, 1931, 128, 495. . 
h. TL L. Meyer and W, Ramni, Physikal, 
1932, 33, 270, 


examined tliis question but the results 
reported in most cases were unsatisfactory and 
indecisive. Recent systematic investigation 
of this phenomenon, undertaken by Eagha- 
vendra Eao at Bangalore, has yielded very 
significant results. Besides the undisplaced 
line, only two components have been located 
one on either side of it. The positions of 
the displaced components and the effect on 
the same of changing tlie frequency of the 
incident radiation are in satisfactory agree- 
ment with the predictions of the Einstein- 
Brillonin theory of light scattering in solids. 
The presence of central undisplaced com- 
ponent is not however contemplated in 
this theory and should not appear if we are 
dealing with solids. Its presence is charac- 
teristic of the light scattered by a gas and the 
results therefore indicate that the liquid 
state resembles a solid in certain respects 
and a gas in certain other respects. The 
general picture obtained of the liquid state 
from a study of the line structure of Eayleigh 
lines is thus more or less the same as that de- 
duced from independent investigations relating 
to the phenomenon of wings. It is obvious 
that both these lines of work are of funda- 
mental significance and much remains to be 
done in this direction. 

Conclusion. 

In conclusion it must be pointed out that 
in the foregoing paragraphs, no attempt has 
been made to present a complete picture of 
tlie state of the subject but only a brief 
mention has been possible of the many out- 
standing results tliat have so far been 
obtained. Although the direct and simple 
problems tliat arise from a study of light 
scattering have already been successfully 
tackled, tliere remain yet to be investigated 
the more recondite phenomena such as the 
effect of increasing pressure and density on 
the Eaman spectra of gases, the relation of 
such effects to the phenomena exhibited by 
dense media such as solids and liquids, 
the nature of the solid and liquid states, 
the relation of the amorphous state to these 
and numerous other problems of this type. 
Eecent investigations have shown that a 
study of the Eaman effect under high disper- 
sion, light gatlicring power and other suitable 
conditions constitutes one of the most power- 
ful lines of attack in the solution of the above 
problems and the future development of 
the subject will undoubtedly proceed on 
these lines. 

B. V. Raghavendra Rao, Froc. Ind. Acad. Sci.j 

1934 and 1935, 1, 261 and 473- 
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Hydraulic Seismographs. 

By S, K. Banerji. 


the last three years we have been 
^ experimenting on a type of seismo- 
graphs which have several interesting 
features. These instruments are based on 
a method of hydraulic magnification and 
damping first enunciated by Prof. Kapitza 
in connection with his experiments on 
magnetization in very strong magnetic 
fields. The earlier forms of seismographs 
constructed on this principle were described 
in a note in Nature, page 547, Yol. 131, 1933 ; 
they were not found very satisfactory for 
the recording of distant earthquakes as 
owing to their low free periods (about 2 or 
3 seconds) and large constraints, they were 
not sufficiently responsive to slowly varying 
impulses. Tliey were, however, found to 
be highly sensitive to quick period move- 
ments of the ground, such as would be 
produced by dropping a weight, or a buried 
''explosion'’, and being portable were con- 
sidered to be a very suitable type of instru- 
ments for geo-physical prospecting. 

Since writing the above note in Nature, 
the instrument has been considerably im- 
proved. The earlier form of the apparatus 
for the recording of the vertical component 
of the ground movements consisted of a 
cylindrical cup whose lower face was closed 
by a metal diaphragm, and a narrow tube 
was attached horizontally fitting a small hole 
in its side, in which a small mirror w'as sus- 
pended from an axle (Fig. 1). A cylindrical 
jacket covered the cup all round except the 
diaphragm at the bottom. Some highly 
viscous oil, such as paraffin or castor oil, v;-as 
poured into the inner chamber and the 
diaphragm was then loaded by attaching a 
weight of about a kilogram or more to a 
rod passing through its centre. The vertical 
comx)onent of the ground movements sets 
uj) oscillations in the membrane and forces 
the oil to move to and fro through the narrow' 
tube and thus gives a large oscillatory angular 
motion to the mirror wffiich is recorded 
photographically. 

The apparatus is shown diagrammatically 
in Fig. 1. 

ABCD is the inner chamber, of which the 
low^er face, CD, consists of a thin metal 
diaphragm of 36 S.G. EFGH represents 
the outer vessel. T is a narrow tube in 
which a small mirror M is suspended from a 
horizontal axis. G is a glass window in the 
outer vessel to adniit light for illumination. 


A beam of light from a collimator telescope 
is made to fall on the mirror M and is 
reflected on a photographic paper wrapped 



Fig. 1. 


round a recording cylinder. W is the weight 
attached to the diaphragm. S is a tiihe 
through which some viscous oil, such as 
paraffin or castor oil, is poured and the 
chamber filled up to a height PQ so that the 
inner vessel is completely full of oil. 


When the diaphragm CD moves upwards, 
the oil is forced out through the narrow tube 
T, the motion in the tube being magnified in 
the ratio of the area of the diaphragm to that 
of the section of the tube. The mirror 
therefore acquires a large angular motion 
about a horizontal axis. The whole instru- 
ment rests on a cast iron platform with 
three levelling screws Lo, L,^. 

In one instrument used in these experi- 
ments, the following were the constants 


Diameter of inner vessel 
Height of inner vessel 
Diameter of diaphragm (tin) 
Thickness of diaphragm (tin) 
Diameter of outer vessel 
Height of outer vessel 
Diameter of tube 
Weight suspended 
Mechanical magnification 
Optical magnification 


”15 cm. 

= 15 cm. 

= 15 cm. 

:= 0-019 cm. 
= 23 cm. 

= 23 cm. 

= 1-9 cm. 

= Ikg. 

= 60 times. 

^ 10 times. 
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nuiirtulication =()00 times. 

P(‘ric)(l 2 *3 secs. 

Djun pin<4’ ratio 5 : 1. 

oil used was castor oil. 

Usiiii** a brass diajdiragm of tliiekness 
{) -02 cu\., a period of 2 -5 sees, and a damping 
ra.(.io of r> : 1 was obtained. 

If tlu^ v(‘ss(ds ar(^ of brass, castor oil (even 
w1h‘ii pur(^) f)rodn(*es cliemical action and it 
slowly becoiiu^s green. To avoid this, the 
v(\ss(ds \v(‘r(‘ all nic.k(d-plat(Hl. 

l^or illuiuination, a collhnator telescope 
with a. ()-volt straight (ilanumt lamp was 
iis(h!. Th(‘. r(u*ording a])paratus consisted of 
a. v(‘rtic.ai cyliinhu’, of length. (> inches and 
dia.nud.er (> imdu's, rotating and at the same 
tinu‘ moving v(oi,ically downwa.rds along a 
spiral. Tlu‘ (‘.ylinder makes a revolution 
oiuM‘ (‘Very hour and undc'rgoes a downward 
displae(‘m(‘nt of about a centimetre during 


obtained by cutting off the light for 2 or 3 
secs, every minute by means of the usual 
electromagnetic shutter. An instrument of 
this kind was kept in action for several 
months. During the period, the instrument 
gave good records of mieroseisms but the 
records of distant earthquakes were not 
satisfactory. Experiments were therefore 
made with membranes of other kinds. A 
leather membrane of diameter 6 inches and 
thickness 0 *06 cm. such as is used in musical 
drums wmuld increase the period to about 
3*2 seconds, and the damping ratio to 7 : 1. 
The instrument becomes more sensitive to 
earthquake waves but the ''zero” remains 
unstable until the membrane settles down to 
some steady conditions. Usually, however, 
when the instrument is used in this form leaks 
occur ill the membrane after a few weeks’ 
use. The same remarks apply also to rubber 



t.lH' 1’lie . spcdc of light on the 

i)h<)i()gr;i])lii(‘ piijn'r wrapped round the 
cyliiKlco- trawR a spiral. The motion of 
t.iu' recording evlinder doAvn the spiral is 
controlled by a‘ clock. The motion really 
occur.s iind(‘r gravity but the clock acts as a 
lirakc. As th(^ cylinder rotates in tne same 
direction as tlie minute hand of the clock, 
l.lu^ falling cylinder keeps the clock going. 
No power is rwinired from the cloc,i, and 
an ordinary cheap spring-driven clock may 
be used for the purpose. Time mark is 


membranes. A rubber membrane of dia- 
meter 15 cm. and thickness 0-08 cm. gives a 
period of 3 - 4 seconds and a damping ratio of 
7:1. If a membrane of larger diameter is 
used, the period is increased, but it does not 
always oscillate in the gravest mode. 

A similar arrangement was adopted for 
the recording of horizontal component of the 
ground movement (Fig. 2). The membrane, 
BD, is in the vertical plane and is loaded at 
its centre by two s 3 Tnmetrical weights fixed 
on either gide of a horizontal rod. 
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The frequency Is of ''a loaded diaphragm 
with w'ater on one side and a mass vi at the 
centre is given by 

-v-r r. 1 

N = 0 • 47 45 -:7 . — j 
a- V(1 + /3+57w/M) 

where li is the thickness of the diaphragm, 
c the velocity of elastic waves in an infinite 
thin plane of the same material, /3"0'668 
pajpli^ p being the density of liquid, p density 
of material of the membrane, m mass sus- 
pended from centre of diaphragm and M 
the mass of the diaphragm. For a rubber 
membrane, taking E— 10x10^^ dynes/cm.-, 
a=7*5cm., -021 cm., (t= 0 -35, pr=0*9, 

p' =1, c-=='EIp (1— a“), we get the period equal 
to about 1 -5 seconds. The observed period 
is 3*4 secs, for a rubber membrane of this 
type. The smaller value given by the above 
formula is due to its not taking full account 
of all the physical effects. If we take account 
of the fluid and its movement into account, 
then, a more accurate formula for the fre- 
quency is 

1 

where y=sp. gr. of oil, j) —effective length 
of channel, “--thickness of membrane, d=^ 


centre of the membrane and this ‘mass’ 
is comparable to the weight of the liquid 
which rests on the membrane. It does not 
therefore act as a free mass. A “mass” 
which would remain stationary . when an 
impulse is communicated to the instrument 
would require to be considerably greater 
than the wxught of the oil. Without a 
suitable stationary mass, the differential 
motion (i.e.^ motion with respect to the 
stationary mass) communicated to the 
membrane by ground movement is very 
small. 

In the later models, therefore, the design 
of the vertical component seismograph was 
modilied to that shown in Fig. 3. In this 
form the whole instrument, which is sus- 
pended from a rigid support by means of a 
rod attached to the centre of the membrane, 
AC, acts as a stationary mass. If the su])- 
port moves vertically downwards or upwards 
through a distance Sa;, the centre of the 
membrane moves through a distance Sx and 
thus forces out or draws in the oil through 
the tube. In practice this form of the f 
instrument w^as also found not to w^ork very 
satisfactorily. This was due to tlie mem- | 
brane being strained and assuming a conical 
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Fig. 3. 


diameter of opening of mirror tube, u —dia- 
meter of the membrane and A and B are two 
constants. For a seismograph fitted with 
a brass diaphragm, the data were /i— 0*021 
cm., ^=1*9 cm., y=0-95, A=0*36, R—S-T? 
XlO*'^^ xl *75 x2 *54 cm. The period 

comes out to be 2*02 secs. This is very 
nearly the observed period. 

The above form of the vertical or hori- 
zontal component seismograph is clearly 
defective. For, there is a limit to the mass 
■which can be suspended from QX fixed to the 


shape under the weight which it had to 
support. 

To remedy the above defect the instru- 
ments were modified to the forms shown in 
Figs. 4 and 5. The horizontal component 
is suspended by a bi-filar string from the 
roof of the building so that the plane of 
oscillation is in the direction in which the 
horizontal component is to be recorded. It 
is found that the best sensitiveness is ob-; 
tained when the length of the string is such 
as to give a period equal to the free period 
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Fig. 4. 

Vertical Component. 

l>h lMt*xil)lc Bellows. M Mirror. (, Collimator Telescope. D — Recording Cylinder. 
K— Driving Clock. BQ~Cast Iron Stand. 



Fig. 5. 

Horizontal Component. 

BB Flexible Bellows. M —Istirror. C —-Collimator Telescope. SS— Suspension Wire. 
I) Recording Cylinder. K — Driving Clock. PQ— Cast Iron Stand. 


of lli(‘ TiiPTiihraiTuc hi thm* instninionts the 
in(MnbrajH\s un(‘( 1 lia;V(‘ (wiindrical fomis and 
(•()nH(‘(in(aitly 1h(‘y iiiKhTgjo no abnormal 
(hd'onnat.ioii adul rcd-aJii tluar elastic after- 
working;. Tlu‘ most. snitail)h‘ form of mem 
braiu' for instruments of this typt^ appears 
to b(‘ tb<‘ tl(‘xi]>h^ l)(‘llows (cylindrical), now 
inaiuufact ur<3<i on a c.ommercial scale. The 
pr(‘liniiiia.ry obstn-vations made with these 
modi(i(Ml insi.ruinents indicate that they are 
m()r(‘ s(nisit.iv(‘ to (‘artliquakc^. movements 
than th(‘ (‘arlier forms. 

() is t]i(‘ rtM’.ord of an earthquake 
and Fig;.* 7 of nii(*.ro seisms obtained with 
veri.i(‘.ail e.omponent Ivydranlic seismograph. 

Th(^. ehi(d advantage of an instrument of 
this type lies in the fact that the parts are all 
asscmibled and it can be carried from one 
pla(a‘. to anotlnu' and installed in working 
condition in a short time. Even the most 
violent movements of the ground cannot 
displace any of the working parts. The 
damping ratio can be increased to any de- 


sired extent by making the tube in which the 
mirror is suspended tapering. The calibra- 
tion of the displacement of the speck of light 
on the photographic paper in terms of the 
actual ground movements is readily made 
by arranging to give specified motions to 
the platform on which the instrument rests. 

The chief defect of the instrument lies in 
its susceptibility to pressure fluctuation 
produced by gusts of wind. This effect 
arises on account of its functioning more or 
less like an aneroid box. It has been con- 
siderably reduced in the latest form of the 
instrument by making the box (including the 
oil) as heavy as possible consistent with the 
elasticity of the membrane, so that the 
variation in pressure fluctuation becomes 
negligible compared with the total weight 
which the membrane has to support. 
^Nevertheless the effect is there and becomes 
conspicuous when a large magnification is 
adopted. The effect can be further re- 
duced by installing the instrument in a 
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double- walled room witli an air-gap in 
between which acts as a clamper to pressure 
fluctuations. 

The instruments are still in an experi- 
mental stage and it is hoped to introduce 
further improTcments in them. 

My thanks are due to Mr. K. JSi. Solioni 
who assisted me in taking the earlier series 
of observations. 



May 1935 ; 


cvhhent science 537 

Winters in the Punjab. 

By eJ. E. Reth, m.a. (Cantab.), i.E.s., 

Professor of Physics, Government College, Lahore. 


I WAS niucli interestcMi to read the two 
a.rtieles in Current ficienae of February, 
on the recent cold waves by Ers. 
Iva.nidaiS and Hoy of the Indian Meteorological 
T>(‘|)artm(mt. The cold wave of January, 
n):ir>, was undoubtedly much longer and, 
jii(ig(‘(l by the mininunn shade temperatures 
d)!’ a.ir), niiicli severer than that of 1029. 
Tims ^(‘.(‘ording to the tables given in Dr. 
Hoy's paper, the 1929 cold wave lasted only 
5 da,ys while this year's lasted 9 days. More- 
oven*, tlu^ air temiperatures registered this 
y(‘a.r \v(u*e. decidedly lower than those in 1929. 

I atu writing this to bring it to the notice 
of those interested that the length and 
s<nH*rit,y of a cold wave as judged by air 
t(nup(‘ratures do not seem to have much 
(*()rr(da.tion with ground frosts., at least so 
fail* U.S tlu' Punjab is concerned, if one may 
g(uu‘ru.lise from the weather data about 
Laihorc which alon(‘ are available to me. 
Dr. Ivoy implies in his paper, and one would 
<‘.(n’tu.nily b(‘ inclined to think, that since the 
mininunn air temperatures registered in 
19.15 w(u*e mu(*h lower and for a much longer 
fxu’iod tlian those registered in 1929, the 
ground temp(u*atiires in the current year 
would also luive been lower than those in 
1929. Th(‘ state of affairs, however, at 
{(‘Uist so far as Tjahore is concerned, is, 
sl rapU.a'tdy (‘uough, just the opposite. 

Dn ring ih<^ cold wave of this year the lowest 
t(mi}>(‘raitur(‘ on grass registerc'd in the local 
,tn(‘t(M)r()logical observatory was 19‘'*0 F. on 
tlH‘ IStb ,1 an nary on which day the minimum 
sluid(^ t,(‘mperature of air was also the lowest 
r<u*()rd(Ml during tlie cold wave, namely, 
27'’*<S F., wliich is, incidentally, the lowest 
air tcunperature ever recorded in Lahore 
sinco January 1879— data for years previous 
to tills are not available in the local meteor- 
ologicuxl observatory. The lowest tempera- 
1, u re on grass registered in 1929 was more 
tlian i degrees lower than that registered 
this year, namely, 14° *7 on the 31st January, 
1 929, on which date was also reached the 
low(\st of air temperatures for that year’s 
cold ‘w^ave at 29° -0 F. 

i:ui.ring the cold wave of this year the 
inininuim air temperature in Lahore 
continued to remain below or at the freezing 
point for 7 mornings (13th to 19th January) ; 


during 1929 the corresponding number was 
only three (31st January — 2nd February). 
But this year ground frosts took place, 
besides, of course, the frosts of the seven 
mornings of the cold wave, only one day 
before and one day after the cold spell : on 
the 11th January the grass minimum w^as 
3< -0, from the 12th to 20th it remained 
below the freezing point but then it shot nn 
from 28-0 on the 20th to 43-2 on the 21st 
morning, due of course to the incidence of 
cloudy weather ; and it never went below 
freezing after the 20th January though it 
once again touched 32 *0 on the 27th Januar 3 ^ 
It may also be mentioned at this stage that 
before the incidence of the cold wave of 
this year there had been two to three degrees 
of ground frost for seven mornings from the 
3rd to 9th January and that altogether 
during the 1934-35 winter there had been, 
before the incidence of the cold Avave on 
the 12th January, 16 frosty mornings, the 
first frost of the season having been registered 
on the 26th November, 1934, when the 
minimum grass temperature w^ent down to 
28° *9 F. The minimum grass temperature 
of the 20th November had only just touched 
the freezing point, having been 31° -OF. 
Tims the total number of mornings during 
the 1934-35 winter when the minimum grass 
temperature reached or went below 32°F. 
was 27 including the days of the cold wave. 

The winter of 1928-29 in Lahore Avas much 
severer than this year’s judging from ground 
frosts. Thus the frosts during the mornings 
of the cold Avave of that year had been 
preceded as well as followed by three succes- 
sive mornings. During the days when the 
cold Avave was actually passing through 
Lahore, the grass minimum temperatures 
were 14 *7, 16 -9 and 15 -2 on the 31st January, 
1st and 2nd February, 1929, respectively. 
These were foUow^ed altogether by 14 more 
frosty mornings upto the i9th February and 
had been preceded by a very large number of 
similar mornings. Thus between the 5th 
December, 1928, when the first frost of the 
season was registered, the grass minimum 
being 29 -0, to the 30th January, 1929, the eve 
of the incidence of the cold wave and on 
which morning 25 ‘4 was reached on grass, 
there had been 38 mornings on Avdiich the 
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niiniimnii vv(‘iit, down 

1-0 or b<‘Io\v Mi(‘ rr(‘(‘ziiii!,‘ point. Alt.o^xd.lun* 
(luring- lb2S-2i\ the iniinbin* of sii(‘h morning’s 
was r>S, tlic (irst tlic^ al‘or(^sa,i(l 5-12-1928 

aiHl hist., •1-;M92<) wilb 29'-'’ *1 F. 

It) slioiild b(‘ .ni(‘ntion(‘(l liere tliat in 1929 
t'iu' ininiinunii ^rass t(nnporatiir(‘s w(n‘(^ re- 
j[2,’isi(n‘ed })y a, tbertnonKdxn* the bulb of wlii(di 
was k(p)t in eontaet with a woolhui pad laid 
on tlie o’round. 8ine(‘ ()ctob(‘r 1955, hovv- 
(‘V(‘r, tlu‘ i>Tass tcunptu'atiires are ])ein<»‘ 
r(^f>ist(n*(‘(l by a, tluuauonKdi'r k(‘])t about an 
inc'b above the ground lev(d on wooden ci‘oss 
support.s. 9die so-ealled grass t(unp(‘.ratu.res 
observed a,ecording to tlie latter, i.r., t.lu^. 
(uirrent pra(*.ti(*.e will probably b(' a little 
higher tlian if the older tnethod w(U'(‘. ns(‘<l. 
Bnt all tli(' same, residents oi Lahore will 
hav(‘ no doul)t aibout tln^. frost.s of danuary- 
February 1929 liaving Ix^en nuieh s(‘ver(u* 
than thos(‘ of January, 1955. 

it is int(U‘esting to note, that rbinuary of 
tills year (1955) liad be(ui prcuuMhMl by a-n 
abnormally warm I)e(*(rnb(U‘. lhd,w(H‘n tlu^ 
1st December, when tlie grass minimum had 
just gone below :fre(‘zing (to 51 -<8) to the 
29th Decembe.j-, wlnm it went again bdow 
tre(‘zing (to 50-2), the mean tcrnpm’aturc^ of 
th(‘ day (tlu^ mvm. of tlie maxinunn a,nd 
minimum air temperatiur(‘s in shad(‘) r(‘- 
mained ab(;)V(‘ the normal meain tcmpxu’at.uri^ 
almost eviny day, so that Uh'- avinage of tlu^ 
(hiily mean tem])eratur(‘.s for th(‘ month 
rc'ai'hed 57 -d, in^arly two di'grcH's above'. th('. 
normal monthly aiveragc'. (tlu' mean of the 
51’ daily normal t.empc'ralnn's) of 55*7. 
January was also folio w<‘d by a wa.i*ni 
hl'bruary, the monthly av(vrag(‘. luiving b('('n 
59*1 as agUiinst the normail av('ra.g(^ of 57*9. 
Ubwevver, (‘.ompemsation for tJu'se abnormally 
high. av(u*ag*(*s was provide'd by th<^ hmgl.'h 
of the cold w'ave' and ibs having Ixum followed 
as W('ll as prec('ded by (piit{‘. (‘.old days. 1'his 
made tJie montlily avc'ragc'. t(Mnp(‘rat.u.re for 
January abnormally low, b(u.ng only 51 *2 as 
against tlu' normal av('rag(‘ of 51*4. With t-Iu' 
result that the*. UK'an t('mp('.rature for tihe 
1 954-55 winter season (1st Nov(rnber-15t/h 
Muircli) comes out to b(‘. 59 *2, only a tilth of 
a degree above tlu' normal nu'an for tlu' sanui 
period . 

I understand that officially tin', wintc'r is 
regarded to last from the 15th October to 
15th. March. I have, howewer, regard(‘.d it 
to commemee on the 1st November for the 
normal daily temperature of Lahore goes 
down below 70 (to 69*5) on the 2nd Novem- 
ber and remains below 70 till the 16th March 
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t.h<* iiorniiil I(‘mp(‘ra 4 nr(‘ Uw wliicli day 
is 69 ‘ 6 . Th(' normail h‘mp(‘ra.( in‘<‘ of lsl. 
Novemlxn* is 71*1 and of 17 th Mair(*]i 70 * 6 , 
These normail t(‘mp(‘ratur(*s for (‘aich day 
of th('. yc'Uii* W('r(‘ suf)pli<‘d to t hidocal nuj.eoi*- 
ologica-l obs(‘rvaitory certainly inor(‘ (!ia.u 
20 years ago Uiiid p(‘rluips should Ix' r(‘^‘isl‘(l. 
Ivet.ii riling, howi'vi'r, to Mi(‘ dural ion of 
winter in Labon', I leiJ it- should b<‘ reganh'd 
tiO last only for t hail. pcna'od during whi(*li tlu* 
normal daily aiV(‘i‘ag(‘ (Io(‘s not (‘xtau'd 65 '' h\ 
Applying t his erit.i'i'ion I lu' wiidm* in baiiore 
should })(' iaki'ii to hist fi'om I 5 |h NoV(‘nd)er 
(norma.l tt'mpi'ralunn 61 *7 ; mnaual of 

Mth Ixdng (hLl) to 61 h Maireh (normal 
t(unp(‘raitur(' 61 * 6 ; th(‘ norma.l of 711 ) being 
65 * 7 ). Taibh^ I snmma.ris(‘s l,h(‘ foiuls 
lirongbt out in tlu' fori'going. 

TAliUK 1. 


(giving a frir (Irfails about (hr wijflrrs of 
1928-29 a.nd 1951-55 at Lahorv. Trwptra^ 
tnrrs arc in drgrrrs F. ) 



j L):!s d’l) 

um :jr, 

Noi mal 

Avcrn/^c. (cinp. for Nov. 

1 

i (ili-U 

O.T i 

(cLo 

„ „ Ih'r. 

o(;*<) 

o7*(J 1 

i 00*7 

jan. 

r>.|.2 

o t • 2 

:> t • i 

,. Kci>. 

AH-O 


o7 • 

„ „ March .l-lf) 

00*0 

()7*() 

(»t; • 1 

((*Tn[). from I si 
Nov. 1.0 loth Mahii. . . 



hlMl 

Avciaj'o tfmp. iVoin I hih 
Nov. to (Mil .Maich. .. 

A7*(i 

57-1 

57*2 

No. of (lays when p;ras.s 
taininuun rcachcil (tr 
vi'cnt. holow ■ U 

r»H 

07 . 


No. of (lays when aii 
ininimuin rt'ached or 
\V(!iit. hclow' 32"*() 
.Lowest, minimum air tem 
pcraliin: recorded (with 
date) 

(:n. L 

7 

27-S (IS 1, 


Lowest, minimum |j,rass 
teniperaiuK^ Hit ordetl 
(w'ilh dal(.*) . . 

M*7 cn. 1) 

U)*() {IK 1 ) 



I should Uilso lik(‘ to uuaition h<*re that 
it do(*.s noti S('(UH to Ix' xovy un(‘onmion in 
.Lahor('. and I suppos(‘, therddiua in tin* 
phiins of |ih(‘. Funjaib gi'inwally, to tind ([uife* 
S(vv(W(* frosty mornings without tlu' minimum 
air t('m])('ratur('s la'aehiiig ev(‘n tlie rriM‘zin:: 
point. 'This UiS w(dl aiS si'Na'ral oth(‘r iiit(‘rcsl- 
ingleaturi's about. Da-hon' wintiu's a.r<' hroughi 
out in Tabl(^ II wlnedi g(X‘s back to \hr 
wirter of 1921-22. 
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Table II 


{showing the relative severity of winters in Lahore.) 


Season 

Average temperature 1st 1 
Nov. — 15th March. Nor-j 
mal for the period = 59-0 

No. of days when grass I 
minimum reached or went 
below 30° F. 

No. of days \Yhen 8 de- j 
grees or more of ground | 
frost was registered 1 

Average frost during the i 

season (total of degrees 1 

of frost each day the I 

number of mornings j I 

The first day when the I 
grass minimum 1 cached I 
or went l;e]ow 32, giving I 
the temperature | 

The last day for altove 

Lowest grass temperature 
giving dale 

I.owest air temperature in 
sliade giving date 

Extra data about the last 
two columns where 

necessary. 

g=g-ass min. 
a = air min. 

1921-22 

61*3 

21 

0 

2 

10/12(30-5) 

7/3(31-8) 

27-0.22/1) 

37-4(4/1) 

g 27-8 on 4/1; 










a .38-6:22/1). 

1922-23 

59-3 

24 

2 

3 

17/11(31-3) 

10/2(31-2) 

21-8(2/1 ) 

35.4 2H) 


1923-24 

1 59.4 

.39 

8 

4 

15/11131-9) 

19/2 30-9) 

23-0 31/12) 

35-0 31/12) 


1924-25 

5S-5 

63 

17 

5 

20/11(29-9) 

2/3^31-2} 

19-9(2l/2) 

34*7il5/l) 

g 21-0(15/1); 










a37-4',24/2). 

1925-26 

58*9 

59 

16 

5 

21/11(31-2) 

21/2(32-1) 

20-9(21/12) 

35 - 3 '21/12) 


1926-27 

58*4 

81 

36 

7 

16/11(30-0) 

8/3(27-2) 

15-3(1171) 

32-0. 11/1) 


1927-28 

61-4 

26 

1 

3 

23/llf30-3) 

18/1(31-7) 

23 •4! 17/1 2) 

37-9 17/12) 


1928-29 

59 -G 

58 

12 

5 

5/12(29-0) 

4/3(29-1) 

14-7 31/1) 

29-0(31/1) 


1929-30 

59-2 

52 

13 

5 

6/11(30-2) 

4/3 (.31 -4) 

20-0(7/1) 

34- 1(19/1) 

g 21 -3(19/1); 










a 31-9(7/1). 

1930-31 

58-4 

50 

14 

6 

8/12(24-9) 

23/2(27-2) 

17-0(25/12) 

31-8(23/12) 

17-3(23/12); 










.•i37-2.;25/12). 

1931-32 

60*6 

19 

0 

2 

10/12(31-4' 

17/2(32-0) 

20-2(30/12) 

33-6(30/121 


1932-33 

58-7 

32 

8 

5 

8/12(32-0) 

3l)/U29-8) 

20-0(7/1) 

30-0; 14 1) 1 

g 24-2'U/l); 










a31-3i7/l). 

1933-34 

59-9 

34 

14 

6 

14/12(31-0) 

8,'2';31-0) 

20-0(2/2) 

30-3;20/l) 

g 20.9'20/l); 










a 32.3.2/2). 

1934-35 

59-2 

27 

7 

5 

20/11(31-9) 

27/1(32-0) 

19-0(18/1) 

27-8,18/1) 

1 


The different data incorporated in this 
communication -will probably remain in- 
complete if I do not also give a list of all 
those days in Lahore since 1st January 1879, 
on -whicl] the minimum shade temperature 
of air went below 30° F. There have not 
been very many su(ih days during the last 
half century (to be accurate the last 57 years) 
and these are set down in Table III, 

Table III 


(sliotving the days in Lahore since when 
the minimum air temperatures leent below 
30° F.) 


Year 

Date 

Minimum Air 

Grass mini- 

Temperature 

mum on the 
same day 

1889 ' 

Jan. 19 

29-2 

18-8 

1910 

Dec. 23 

29-4 

17-9 

1929 

Jan. 31 

29-0 

14-7 

1935 

Jan. 15 

29-1 

21-3 


„ 17 

28-1 

20-2 


n 18 

27-8 

19-0 

„ . i 

„ 19 

28-3 

20.2 


A study of the data included in this paper 
leads one to the conclusion that very low 


air temperaturc^s are not of too common 
occurrence in the plains of the Punjab 
whereas quite low ground temperatures are 
not so uncommon. Eeally low temperatures 
seem to result only from actual cold waves ; 
severe ground frosts, on the other hand, do 
not necessarily mean the incidence or passage 
of a cold wave. 

Low ground temperatures would result 
from the combined influence of an extremely 
clear sky and an almost total absence of 
water vapour in the atmo sphere. If the water 
vapour present', is not negligible the ground 
temperatures may not reach very low 
figures even though there be a! clear sky and, 
due to a cold wave, below freezing air 
temperatures. Tliis was perhaps what 
happened during the last cold wave. On the 
other hand, absence of any air currents near 
the ground may be responsible for very low 
ground temperatures not being accompanied 
by low air temperatures, there being a differ- 
ence in level of about 4 feet between the 
thermometers registering air and grass tem- 
peratures. 

Another remarkable fact stands out from 
Table III. During the 50 years preceding 


3 
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1928, air teiupcriiitunNS (in s1ia(l(‘) winii. Inflow t(‘()rol()i>‘ica,l Dc^iarlnuMii. Toi* ,u'(nH‘n 

30° F. only on two occasions, oiua‘ in 1889 innanission, sov(n*al yoiu's a.a'o, lo tlunr ollicc* 

and onco auain in 1910 ; wlieroas (hiring* tlio in-cliai*a'o of tln^ lo(*a,l o!)S(‘rvalory to alio 

soven years that have iollowed 1928, there me access to the naan'ds, d (a, ki^pt in Ijiihor 

have iKHni two cold waves resuliliiii,- in low(^r And I cannot. (*los(‘ withoul. a.ls() t hankii: 

than 30° t(\m|)(n*atnr(‘s on ont^ day in 1929 th(‘ loca,l oilicm*, Mr. Dina. Na.th Dhopi 

and four days in 1935. One must not really without whos(‘ a.ctiv(‘ lu'lp a.inl ('o-opc^ratio; 

£:eneralis(‘ from such nuai^'n^ premises but 1 would not ha.vu' Ixnm a.hl(‘ l.o nnuiita.in ni 

it would appear as th<)Ui!;'h we w(Te in for a interest in mattcu's nH‘t(a)rol(nricaJ, nor ah 

period of more frequent cold waves! to glv(‘ all th(‘ facts a.i\<l ligur(‘s iMcor])orali 

In the end I must tliank the Indian Me- lutein. 


Stigmas and Awns — Their Homology. 

By G . N. Rangaswami Ayyangar, n. A . , i . A .s. , 

Millets Specialist^ AgrlmdMircd ReHcarvh hisUlule, 
and 

V. Panduranga Rao, w.a., 

Assisiant^ Millets Breeding Station^ Coimbatore. 

^HE existence in certain vari(‘ties of spikelet when it b(‘a.r‘s a. grain also (1{*\’(*1<)| 
sorghum of fertile pedicelled spikelets the awn. Wluua^ a.wns (iid occui’, rmaisun 
has been noted (G. jy. Rangaswami Ayyangar, ments show l.ha.t th(‘y wer(‘ a./hout hsi 
and V. P. RaOj 1935).^ One of these varie- the length of tlu^ normal a.wn ; nonni 
ties, M. S. 1644, is awned. It is well known — 6 mm. ; pedicalh^d— 2 -9 mm. — (a.\'(‘ra‘i 
that in awmed varieties the sessile spikelets of 100 naidings.) FtMli<a‘Il(‘tl spikelD 
bear awns and tlie pedicelled ones do not without awms ha.v(‘ oeca,sioua,IIy antluu’ 
have them. The occurrence of grain-bearing This aetiva.ti()n into a ma.nifesln,tion of tl 
fertile pedicelled spikelets raised tlie question awn eoncurrcait wilh th(‘ a.p])(‘a.ra.iu*c < 
wlietlicr such fertility resulted in the stiirmla- tlie ovary with tln^ stigma. i*a.is(‘d I }i(‘ prohahi 
tion and manifestation of the otlierwise homology bnlwcnm a.wns a.nd stigma, s. Pool 
absent awn in the pedicelled spikelets. An ing ii]) fiteratiin^ it, wa.s nottsl iha.( 1 1 aria 
examination of these fertile pedieelled spike- (1931)*’ working in Ha.rl(w 'Mia.d bdl h 
lets showed that thx^y did develop the awn some yea.rs” tha.(. th(‘ barbs on I In* awr 
concurrent wit.li this fertility— only the a.nd t]l(‘. hairs on t.In^ stigma, arise froiil tl: 
expression of the presence of awn was a bit same basic t.issmn In 1915 In* noti(‘c 
feeble. In Fig. 1 the top i)icture shows a high ])()sit.iv(‘. eorrda.tion ladwaam 11 

numbc*r oi t.cnd.li on tin* awns a.nd tin* nnmht 
of hairs on t.ln* st.igmas. Tin* (*Xf)e!'inm 
recorded aibovc* in vs'liieh tin* a.wn as a 
organ manif(*sted its(‘lf (‘oncnrrerit ly wil 
the stigma, giv(*s uninistakabh* proof < 
tlieir inter-r(*lat.ionshii). 

JSfext 1.0 t.his <'.on(*.(ir!'<‘n(, pr(‘si‘n(*<* of st igni: 
and awns in awru*(l va.ri(‘th‘KS is tin* paralt 
that exists in th(*ir g(‘in‘ra.l nioi'pholog' 
In Fig. 2. a.r(‘ giv(*n two st.igmas {a) I hi: 
ot Sorghum I)urra^ I8la.pl, th<* Gra.iii Sorghun 
and {b) that ol Sorgham S errosirm ^ fh‘S! 

fodd(*.r t.yp(*, Irioign CJiolmn. l! \\i 
be noted that in S. ihirra. the* sliginati 
,, feathers cover ha.lf tin* st.vh*, and * in / 

the pedicelled sterile spikelet without awn Nervosum a lit.tle l(*ss t.han it third. 
and in the bottom one the same pedicelled gives the photographs of tin* resp(*cTiv 

^ Cnrr. Sc'i.^, 1935, 3, 433-34. I - Jour, Ucred., 1931, 22, 271, 
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ihwiiH and l)(‘aT\s out a sonuwliat similar 
disi.ribiition ])(‘tw(‘(‘n tlio sulnilc and tlie 
(‘ohitmi. Fn 'Pablo I tlio relative measure- 
iu(uit« are nu'orded. 



{a} (/>) X7-5 

Fig. 2. 



((f) {!>) XT-T) 

Fig. 3. 


Tahlk I. 


{Average of 100 readings.) 



(1) 

Length 
of Style 

in in. 

I 1 

()f Stig- 
nialic 
Zone 

nnn. 

Ratio 

of 

(1)*.(2) 

(1) 

Lenjrth 

of 

Column 

nnn. 

1 (2) 
l.ciijJith 

! of 
j Subule 

mni . 

Ratio 

of 

(1):(2) 

.V. i)itrra 

2-0 

2-0 

1 : 1 

3*5 

3*5 

1:1 

S. A7v'- 







• 7 ' os uni 

2*5 

1-0 

2*5; 1 

C-O 

3-0 

2:1 

1 


In Table. IT are given measurements 
bearing’ out tlu^. g<meral parallel trend in 


the spindle shape of the disposition of 
hairs and barbs of the two organs. 

Table II. 



Length in fi 

\ 

Average of 


Bottom 

1 

Middle 1 

I 

Top . 

Stigma tic 
feathers . . 

288 

452 

164 

(300 readings) 

Barbs in the 
subule 

42 

132 

1 

60 

(60 „ ) 


In Table III, the morphological variation 
in the longest feathers of the spindle keep 
parallel to the longest barbs in the awns 
between varieties. 

Table III. 



Length in ^ 

Average of 


S. Diir ra 

5. Ner- I 

vosiim 

, A". Marga- 
rctifenim 

Stigma tic 
feathers.. 

555 

456 

344 

(100 readings) 

Barbs in the 
subule . . 

180 

126 

i 

j 90 

(60 „ ) 


Tliere are no smooth awned varieties 
in sorghum ; but an African variety, A. S. 
3455, manifested the rare phenomenon of 
irregular feathering, giving the stigmas 
a oiiequered featherincss in contrast to the 
usual good brush they ought to be. This 
variety was examined and its awn gives the 
nearest approach to a smooth awn that 
could be had in sorghum (Fig. 4). An 


I 



Fig- 4, 
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Crab-Fishing at Uttarbhag, Lower Bengali 

By Bimder Lai Hora, d.sc., f.r.s.e., f.a.s.e.j 
Zoological Purvey of India, GalcuMa. 


^G)IjLA SfJBRATA (Forskal) is the 
(‘<)nnn()n(\st ('(lible erab of the deltaic 
Ihoi^’al. It known as JM’m and 
(|iuintities of it are bronc:ht alive to 
th(‘ (■atc'iilka rnarkfh'.s Avlien' they command 
a laauly sal(\ t he (k‘sh b(dn<»; , 2 :reatly relished 
I)y t'luA })opiilati()n. The s])ccies 

a'l'ows to about 8 iiu'hes a(‘.ross tlie carapace 
and is oiu' of tb<‘ lari^'cst and strong'est of 
t.iu^ Indian c*.rabs. .^cylla scrmta, is widely 
dist.i-il)ut(‘d in tlu' indo-Bac.ific region and is 
abunda-nt in (sstuaades, biickwabu's and man- 
y!*o\’(‘ swa.nifys ; it is also capable ot living’ 
in fiHssli water. iStebbin^'- remarks that 
“On tb(‘ muddy (‘oasts of the Bay of Natal, 
Krauss says, this s])e(d(‘s lives in g'reat deep 
hol(\s, a.nd wt'ars tlie dingy eartldy colour 


1 1 

I ) 

I I 



Fig. 1. 

A portion of the Hooked-Stick used at Uttarbhag 
for pulling out SryUii scrrata (Forskal) from its 
burrow, X 1/7. 

> Ihihlished with permission of the Director, Zoo- 
logical Survey of India. 

- Stchbing, -•/ History of Crustacea, p. 69 (London, 
1893). 


of its residence. They sit at the openings 
of their holes when the tide is coming to 
snap up the food which it brings them, 
and to sun themselves when the tide is 
going ont. At any one's approach they 
vanish into their holes in a moment, or, if 
their escape is cut off, they raise themselves 
up on their hind legs, and by clashing to- 
gether their powerful claws endea^mur to 
scare away the intruder. By driving a 
spade into their slanting tunnels their retreat 
may be cut off, or they will (dutch at the 
Iiroffered i)oint of a stick and may be so 
drawn ont, but the Calfres, who consider 



Fig. 2. 

A boy using the implement employed for pulling out 
Scylla serrata (Forskalj from its burrow at Uttarbhag. 

them dainty food, capture them by spear- 
throAving.” 1 have noticed also that at 
Uttarbhag'^ the crab is found in deep burrows 
along tlie muddy banks of the Piali Nadi 
and connected channels at low tides, but 
the methods employed for fishing it. are 
very different from those noted by Krauss 
in Natal. 

The implement (Fig. 1) employed for 
pulling out crabs from their burrows con- 
sists of a blunt iron hook, lashed to a piece 
of split bamboo, the length of which depends 
upon the individual using it. When a crab 

For description of Uttarbhag and physical condi- 
tions prevailing there, see Hora, “Animals in Brackish 
Water at Uttarbagh, Lower Bengal,” Carr. ScL, 1933, 
1 , p. 381. 
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A portion of the line used for catching Scylla 
serrata (Forskal). (a) shows arrangement of weights 
and bait, (b) slip-noose for fastening bait. 


hole is located, the hook-end is thrust into 
it (Fig. 2) and the rod is moved up and 
down or manipulated in such a way that 
the crab is hooked and then it is dragged 
out. The crab sometimes puts up a strong 
fight and several of its limbs are broken 
before it can be pulled out and secured in 
a basket. By this device a few crabs are 
collected for domestic use. 

The commercial method of fishing is very 
ingenious. A suitable creek is selected and 
on one bank a thick bamboo is driven into 
the ground near the water level and one 
end of a line, which consists of about a 
quarter inch thick cord, is fastened to it 
and then the fishermen row to the other 
bank of the creek and go on releasing the 
line which is usually long enough to cover 
the width of the creek (Fig. 3). The other 
end of the line is fastened to a post in the 
boat. The line is weighted at regular inter- 
vals with half-bricks and in between the 
weights at short intervals are suspended 
pieces of fish which act as bait (Fig. 4,a). 
Each piece is secured by a slip-noose (Fig. 



i 


Fig. 5. 

A pair of wooden pincers used for holding crabs 
when counting them for sale. X 1/7. 


f 


4b) so that when the bait is pulled, the noose 
becomes tighter round it. Crabs are attract- 
ed to the bait and cling to the line with their 
strong claws. When the men in the boat feel 
that a sufficient weight of crabs is hanging 
on to the line, they begin to pull out the 
rope. The crabs cling to the bait with great 
tenacity and are transferred to the hold of 
the boat which is covered by planking. 
The weight of the rope is sometimes so 
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Bank of and small islands in a channel crowded with Vanina littcrata (Fabr.). The small channel runs 
fllnnfy thf* Iftft-hand side of the road to Uttarbhag between milestones 4 and o. 


along the left-hand side of the road to Uttarbhai 




) in a small channel along the road to Uttarbhag between 
milestones 4 and 5. 


Fishing for Vanina littcrata (Fabr.) 
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Fig. 8. 

Fishing for Varuna liltcrata (Fabr.) in a shallow, vast expanse of water at Uttarbhag. Notice several 

children fishing in a ring with circular nets. 


heavy that 5 to 6 men are required to pull 
it out of the water. There is usually a 
small quantity of water in the hold and the 
crabs are kept alive in it for several days.‘^ 

The hshermen sell their catch to the 
retail vendors by quoting the price per 
score of individuals. The dead specimens 
arc usually given away to poor people as 
they fetcli very little price. In counting 
the crabs, a wooden piiicer (Fig. 5) is used 
to catch each crab, as the bites of these 
crabs by their powerful claws are very 
much dreaded. These crabs are very active 
and the baskets containing them are 
securely covered. 

The only other species of crab {Cliltl Kekra) 
that is fished for food purpose on a small 
scale, but not for commercial exploitation, 
is Varuna litterata (Fabr.). It is a small 
species^ rarely exceeding two inches across 

^ The boats are of the same type as those used for 
the trade in ‘hive Fish’h see Hora, Jour. As. Soc. 
Bengal (N.S.), 1934, 30, pp. 1-15, pis. i-vi. 

For bionomics of the species, see Hora, “A 
Note on Bionomics of Two Estuarine Crabs,” Proc. 
Zool. Soc. London^ 1933, pp. 881-884, 2 pis. 


the carapace. It is found in great abund- 
ance and usually lives in burrows along the 
embankments or sides of pools. During hot 
months when the pools begin to dry, the 
crabs collect in wet places, usually in the 
middle of pools and are fished out by hand.'* 
The real fishing season for these crabs is 
May-Juno when large numbers come to- 
gether and lie along banks and in shallow 
waters (Fig. 6), presumably to migrate to 
the lower reaches of the deha for the pur- 
pose of ^ breeding. The crabs are simply 
swept from such situations either with 
hands or with a smaU circular, conical net 
(Fig. 7). Their legs are broken and then 
they are stored in baskets or small earthen 
pots. In shallow waters the same type of 
circular net (Fig. 8) is used and a large 
number of specimens are collected. Varuna 
litterata is fished for domestic use and not 
brought even to the Uttarbhag market for 
sale. 


^ Hora, “Mud-fishing in Lower Bengal,” Jou?'. Proc. 
As. Soc. Bengal (N.S.), 1932 (1933), 28, pp. 197-205, 
pis. x-xi. 
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Atomic Energy States of Tellurium — Te III. 
I'T vviLS ])r(‘vi()iLsly r(‘])ort(Ml in Naiurv^'^' that 
lh<‘ strup-ture of t]u‘ s})(M‘truni of (loiibly- 
ior)is(‘(l T(‘lhirinin adorn had Ihhti olucidatod 
with the Ik*!]) of Vacnnin data kindly supplied 
hy I>r. K. K. Itao. Further investiA’ation of 
th<‘ <|uarl.z and (luorit.e region’s witli a quartz 
Lit t row sp(‘(‘.t rogTa])h and a Vaenuni (Irating^ 
Spia't rograph of t he hranedu‘d-arm type, 
lauihliMl t h(‘ (‘xt.iaision of tlie elassilication to 
inelnd(‘ tiie liigluu’ nientbers of t :h(‘ sericks such 
a.s t.}u‘ ()d, 7s, etiC. 'More tdian DIO of tne 
ohs(‘rv(Ml sp<T*tral lines helonging t.o Te III 
haA'(‘ elassitiiMl. Thoiigii tlunv, is to he 

ohs(‘rv<Ml in ginuu’al, a. gri'.at siinilarit.y he- 
t wi‘(‘n t h(‘ tiu’in struetdire of Tellurinin and 
S(‘leniuni yid- idu' ('onsiderahle (‘oinplexity 
of Tidhnauin sp(‘(‘td-inn is clear in t]K‘. niagni- 
tud(‘s of thi^ inti(n*vals of tlie corresponding 
tinaus. Th(‘ sp’^ t.iTin-intervals in Te III, 
hot; -7 lunl 1510 -cS ('in.“^ for instancib are 
nOadiviOy v(*ry large (‘-oinpared. to the 109 
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^ jVd/urr, August 18, 1934, 134, 255t 
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and --76 cm.'^ of Seleniiiin. The above is 
a provisional list of the terms discovered. 

S. G. Krishna Murty. 


Andhra University, 

Waltair, . 

April 23 p 1935, 
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A Simple Method for Studying the Magnetic 
Susceptibilities of Very Small Crystals. 

In connection witli some mag’iudie im'asun'- 
ments on organic erysta.Is \v(‘ ha.d o(M*a.siona!ly 
to work with crystals winghing a, ((miI Ii of a 
milligram or less. Th(‘ ma-gn(‘|.i<* a,nisotroi)y 
of these crystals is not didicult to rn(‘a.siir(‘.' 
For the measurement of any of i lu^. primnpa.I 
susceptibilities of these (‘.rystahs, liow(‘\'(‘r, 
the usual methods ar(‘ not a.ppli('a.hl(‘. hlu* 
following simple arranginmnit, wlii<'h w<‘ 
have been using for susc.(‘ptibilil.y m(‘a„siir(‘- 
ments with, such small crystals, ma.y (li(‘r<‘“ 
fore be of intends t. 

Two aqueous solutions ar<^ \)iv\)<m'i\, om* 
diamagnetic and tlu^ otlun' [)ara.magiHM ic 
with respect to tlie crystal, both ha,ving tln^ 
same density as th(‘ erysia.l. A siiilahh^ 
mixture of the two solutions is kept in a. 
thin-walled tube of about 2 mm. bor(‘, a.nd 
a few well-developed erystais <lisp{‘rs(‘d 
in the liquid. Tlie tul)e is phu'ed in l]i(‘ 
strongly inliomogeiieons magiu‘tie (i(‘ld ob- 
taining between the nsiuvl eonieai pol(‘-pi(M*(‘s 
of an olectroniagmd, and is a'djust(‘(l so a.s 
to bring one of the eryst.als t.o a. posK.ion 
slightly below tlie central UiXis of th(‘ lii^ld, 
equidistant from the two pohv*pi(u*cs. VVa.t<*h» 
ing the crystal through a low-powtn' micro 
scope, and putting on the lu‘l(l, we lind lha.t 
the crystal turns round so as t.o jila-c-e i(.s 
axis of maximum suscwplabiliiy aJong tln^ 
held, and in general mov(‘s hdan-aJIy a.Iso, 
along the direction of th(‘ (i(‘I<l-gra.di(mt. 
The relative proportions of th(‘. two solid, ions 
which make up the mixture a,r<‘ now a,djiis(,(‘d 
sucli that there* is no such lateral mov(‘iiU‘n(, 
of tlie crystal in the Ji(*]d. Tin* waxlmuai 
susceptibility of t;he <',rysta,I per unit volume 
should then be the same*, as tha.t of (.In* 
mixture. Tlie susceptibility of iha la,l.l.(*r is 
easily measured. 

By changing the inh()m()g(*ne()us li<*l<l to 
a uniform one, and studying t/ln* ()ri(‘ntaiti()ns 
A\hidi. the crystal takes uj), for <liner<‘nt 
initial (he., in zero held) orieid-alions, tin* 
directions of the priiuupal ,ma,gn(*ti(‘. a.x(*s 
of the crystal can, of course, hr (‘aisily l()c.al(‘(l, 
and the differences between, tin*, siise'uplabili- 
ties along these axes studiiul (jnaiUaUvely. 

K'. S. Krishnan. 

210, Bowbazar Street, S. XUnkr,ikio. 
Calcutta, 

May, 2, 1935. 
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The Kinissicm Hands of Selenium. 

T]ih] (*xlen.si\'o (‘mission bands of s(d(*iiiinii 
hav(‘ I>(‘(‘n a,na.lys(‘d by N(‘\ iri' who cdassillrs 
tb(‘m into lliriM* sys((‘ms all liaA'ing (In* sunii‘ 
linn,! slal(‘ X, and arising' in lliree dilTenad 
(‘\'eit(‘(i slal(‘s A, Kami /mjf I In* S(^. moks'utn 
TIu‘ last of t!u‘.s(‘ is invoi^•(Ml in' (lie nwlb 
known strong ahsorplion systcmi invissHgaled 
by Kos(m'’ and Moraezewska,.'’ \\v have 
pliol ()graplu‘d Wxoxo bands as produced in a 
diseharg(‘ jiilx* in (In* pr(‘s<‘nee of Argun. 
TlH*y eov(‘r ( lu* (‘idita* ri'gion of (bo \ i.sibk 
si>(‘elrnm a,nd wilh I ht* (‘xei^ption of jus! a 
lew bands whieli appear |o 1 h* degradt'd 
l.owa-rds tin* shorier \vavt*s, an* all sluahnl 
io i }i<‘ Iong(‘r \va v<*s. 'Fiu' prescml analysis has 
n*V(‘a,l(‘d (Ik* fuel that all of (}i(‘S(* liaiuis can 
b(‘ ebissili(Ml into om* sysj(‘m due to Hit' 

(ra-nsilion K - X . Tin* y gnM‘n"y(*llow bamb 

of N(‘vin ar(‘ part ol I Tus {'x((‘nKiv(‘ syslcni 

a.n(l (b(‘r(‘ror(‘ (hen* is no (‘\'id(‘ne(« for (he 
(*xis((‘ne(* of (Ik* b*v(d A. Alamt // 

W(* a,r(* not yid <pnt(* d(‘lini((* bid vary piule 
a,bly t }k‘ /’hdillusr lilue (‘mission bands whieli 
invoIv(‘ (bis I(‘V(‘( will also liiid a, place in 
(Ik* sa.m(‘ r'r" ( able. 

Snp(‘rpos<‘(l on 1 Ik*s(‘ bands is a persistcait 
eoidimious speetnim which must be original’ 
ing in om* of I Ik* (*x(ali*(l l(*v(‘ls, K, C or K 
a,nd (Ik‘ n*pulsiv(* eurv(‘ wliitdi aris(‘s old of 
I Ik* sa.iiK* const i( iK*n( atoms tbai go lo birnt 
(dm ground sla,((* of I he moli'caili*. 

ddu* s(ad<‘s I‘» aaid X an* sujiposed to he 
'X l(‘\’<‘ls in analogy wilh similar (enns in 
( )., a, ml S... KN*e<‘n(}y, liow(‘\'(u\ Olssoid 
iia<H sfiown, from (In* ladadional analysis (t! 
SOUK* ol (Ik* bauds wbieb form [iar( id' tie 
sys('<‘in K -X (bad (Ik* (raaisilion in\td\ed 
is IriK* and ii 

(Ik* lina-I b'vad of 1 1 k*s(* bands is also lh< 
ground s(a,l(* id’ (Ik* mol(‘{'iiI(‘ as it ajipear’ 
most. prol)a,I)l(*, many ini <‘r{‘sj ing (b*dii(‘liori 
will follow. 

A study of Ok* absorplion spet'lrmn it 
S(*l(*iiimn vapoiii’ is also im(l(*rl aki*n wilh ; 
vi(*\v 1.0 (*luei(la(<* (b<‘ struelure of llie .S* 
mol(*cnl(‘, wliieh with Ok* (*xisling dala o: 
Mora,ez(*wska, is iKd possibh* and a, full r(*{H)rl 
will lx* giv<*n <*ls(*wlK*re in dm* eours(‘. 

K. K, Asund!. 

Idiysic'S I)(*parr( inent., V. K. Kartj. 
Muslim Oniv(‘rsily, 

Aliga.rli; 

' A'hm/V. POO. 126. Id. 

“ Zei/, jUr. riivx.. 10J7, 43, oC. 

‘‘ /.('if. jiir. /V/v.v., PMU, 62. 270. 

■' /cil. jiir. rjiv.s'., PM4, 90. 138. 


^ Krishnan and Banerjee, Phil. Traus. A., 1935 . 
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Note on the Absorption Spectrum of some 
Organic Vapours. 

some of absorption 

sjUM'Ira io tl\(^ SclHiniann ri^gion wo have 
photo^'rapliod also t;h(‘ absorption Kspectra 
of a,('(‘tyl ('lilorido, iutotyl bromide^, and 
t,rit*hl(>ra:(‘.(^iyl oldorido down till 1510 A.U. 
Pr(‘liiniiia.ry rosults hav(‘ ])oon us(‘d already 
ill a.n ea4'li<‘r piibli(*.ation of tliis laboratory*, 
bid. sin(*.(‘ those (i,i»‘ui‘(‘s ]iav(‘ been not very 
a.e(*in‘at.<‘, W(^ slioiild ]ik(‘ to stale th(‘ ddinite. 
nssidts h(‘re. Thc^ following table shows the 

Taiu. 


absorption maxima of the three substances 
at shorter wave-length together with those 
in the near ultraviolet recorded previously.^ 
The first maximum, identical witn the 
point of predissoeiation known in formal- 
dehyde and related molecules, appears in all 
these substances. The two chlorides show 
two more maxima each at shorter wave- 
length, but in acetyl bromide we have not 
been able to trace corresponding maxima. 

The difference between the two first 
maxima agrees well Avith similar differences 
found by Scheibe and his co -workers" in the 

E r. 



I Maximum 

II Maximum 

III Maximum 

A II— I 

A iii-ii 

AU (air] 

cm ■ ' 
(vac) 

AU 


AU 

1 

1 cm**^ 

('ll;; -{’O-C'l 

2750 

30353 

2305 

43371 

2017 

49563 

7018 

6192 

('II.-i-CO-lli- 

2500 

20088 




•• 


•• 


[ 2575 

38823 

2140 

46714 

1675 

59701 

7891 

12987 


casi^ of (‘tlnu’s and ah'.ohols and might be 
dii(‘ to tlu‘ (‘xcitalion of the radicals CH, and 
(Id,, respi‘ctiv(‘ly. Th(‘ (mei-gy represented 
by th(‘ s(‘cond maximum apjX'ars not to be 
sulli(‘i(Md. 1.0 a.cc,()unt for the. rupture of the 
d()id)l(^ bond of thc‘ (*.arbonyl radical. The 
la.rge diffm’imci' Ixd wemi acidylchloride and 
{.ri(‘hlora('etyl chloride schuuh to exclude a 
photo-dissociation in whii'h the bonds of the 
radicaf ami the ('hlorid(‘ atom are lissnred 
simult.a.n(‘onsly. Then foiv this enm-gy differ- 
(‘ne(‘ r(‘pr(‘S(‘nt s probably an other (^x(*ftation 
of om‘ of the radicals ; th(‘. experimental 
data, a.n‘, bowi'vm*, not yet sulheient to 
d(‘ei(l(^ th(‘S(‘ (iu(‘stions. 

0. M. BnA>sivER Kao. 

11. Bamukl. 

Muslim I 'Uivemsity, 

Aliga,rh, 

I >(‘])a.rt.tm‘nt of Kbysics, 

May 8, 1955. 

' hid. Jour, rhys., 1934, 8, 537. 

X. pJiys. Chenu (B), 1933, 20, 283; 1934, 25, 52, 


On the Linkage of HCl. 

VVrrn respe('t to the discussion^ in Current 
Scirnce on tlu^ continuous absorption spec- 
triuu and the nature of the linkage in mole- 
(oilcss like 1101, HI, etc., I should like to 
draw attimtipn to the fact, that also other 


properties of tliese molecules have to' be' 
considered, since the continuous absorption 
spectrum is by no means a rigorously valid 
criterion of- ionic linkag(‘. It will be suffi- 
cient to mention only tAvo such properties 
here : — 

(i) HCl and HI arc not conductors of 
electricity in the liquid state in the complete 
absence of water. We can easily conceive 
that a molecule (AgCl is an example) possess- 
es covalent linkage in the vapour state and 
cl(X‘.tro -valent linkage in solution or the 
moltcm state. The converse behaviour, how- 
(‘V(^r, would be very difficult to understand. 

(ii) According to the wave-mechanical 
tlicory of the Eaman effect, worked out by 
Placzek- on the basis of the polarisability 
of the molecule, a molecule with a single 
electrovalent bond is not able to show the 
Kaman effect. The molecules HOI, HBr 
and HI show the Eaman effect not only in 
the liquid state and even in solution in some 
solvents without dipolmoment, but also in 
the vapour state. Hence they are covalently 
linked in the gaseous state, and this agrees 
with Franck’s original conclusion derived 
from their absorption spectrum. 

As to Franck’s criterion of the ionic 
linkage, i.e., the dissociation of the excited 
term into normal atoms, it has been pointed 
out hj him several tinges*^ that it canigot bO 
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rigorously valid since we know tliat intersec- 
tions of tlie U/r curves of the electronic terms 
of a covalent molecule among theins(dves are 
quite possible. If two such termSy i,e., an 
attractive and a repulsive one, originate from 
the same level of the separated atoms, tins is 
equivalent to an intersection for tlie purpose 
of the application of Franck’s criterion, since 
it represents an intersection at very large 
intermiclear distance. 

To my mind particularly the existence of 
the Eaman effect appears to be decnsivc' and 
I ha^^e therefore treated these molecules as 
covalently bound in the vapour state in my 
“Eeport on Absorption Spectra and Chemical 
Linkage” contributed to the ''Symposium on 
Molecular Spectra” of the Indian Academy' 
in August 1934, which has just been published 
and where a discussion of the experimental 
detail of absorption spectra can be found. 
There seems to be little doubt that the shift 
of the red wave limit is due to a different 
distribution of the molecules among the 
vibrational Levels of the ground term, which 
is indeed a very common phenomenon. 
Similar remarks apply to the molecule 
l^~]sr=0 of which w’'e know not only the 
Eaman effect, but also the dipolmoment, 
Kerr constant, etc. 


(p follow from a modifica- 
tion of Iwlser s theory of liquids which has 
recently been discussed by the author in 
a number of papers.' For on this theory 
we have ^ 


y 


w/x 

4 (w.~5) a"'+‘ 


( 3 ) 


where p, is the coefficient of the attrac- 
tive force betvvnHsn the molecules, m is the 
force index, and a is the average diameter 
of the spherical space kept clear around a 
molecule by its thermal movements at T 
The close-packing equation 

K a" -- V v' ‘2 . . . . 14 ) 

wJicn combined with (3) gives 


K 

Vl-j- I 

V ' n ' 


(5) 


wliere K is a constant. 


Ilcnco 

1 dy 

y dT ni-I-l 

_ 

V (IT 


(5) and (h) reduce to (1) and (2) if mis put 
equal to 11. 


Department of Physics, E. Samuel. 
Muslim University, 

Aligarh, 

Mmj 8, 1935. 


^ S. Dutta and B. Chakrobarty, Curr. Sci., 19v34, 3, 
349, 478; A. K. Dutta, Ibid., 1934, 3, 477. 

- Z. f. Phys., 1931, 70, 84; liandb. d. Radi., VI. 

J. Franck, Mature, 1931, 127, 19; Franck and 
Kuhn, Bull. Ac. Sci. (Allahabad), 19.32, 2, 223. 


On the Ratio of the Temperature Coefficients 
of Surface Tension and Thermal Expansion. 
In a letter to the Editor of Current 
Science (published in the March 1935 issue, 
p. 418), Sibaiya shows that the observed 
constancy of the above ratio can be deduced 
fiom Laplace’s theory of Capillarity. It is 
interesting to note that on the experimental 
side, the constancy follows at once from 
the observed validity of the parachor law. 
Eor we have, 

P' 

y yi . . • • (1) 

1 dy 
, y dV 

alienee =4 . . . . (2) 


As shown in Table IV- tlie observed value of 
tile left Jiand side of (2) for normal liquids is 
3 . 4 — 4. 2 ratlicr than 2 “-3 as stated by 
Willows and iratschok.'* Tlie wide validity 
of the parachor law confirms the approximate 
value 1. 

T. vS. Wherlkr. 

Department of Cliemistry, 

Eoyal Institute of IScience, 

Jloinbay. 

April 2, 1935. 

' Ind. Jour. Phy.s'., 1934, 8, 530. 

“ Ind. Jour. Phy.s\, lor. cll., 535. 

Surface Taudou and Surface Hncryy, 1915, p. 7. 

The ratio of the temperature coefficients 
of surface tension and density as derived 
from the parachor law is 4. Wheeler 
has showid that the experimentally observed 
ratio for some orgauic liquids lies between 
3*44 and 4*1(>, giving for the force index m 
a value either 9, 10 or 11. Laplace’s theory 
gives for the ratio a value equal to 2 ; and 
under special assumptions the ratio becomes 
2 (1 + e).- If the parachor value is to be 
accepted we have to assume that e = 1. 
Most organic liquids and liquefied gases 
give a value for the ratio ranging between 
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3 and 5 ; an additional list of substances 
wit,h tlu‘ calculated values of this ratio from 
th(‘, <la.ta ^iveu in International Critical 
Tablets is given below : 


1 

Substanc;' 

1 (iT 

' 1 ' (W 

1 

1 dcr" 

(Jd 

P..01^ 

;m()2 


3 -31 9 


3* .160 

O H . NO 

3-007 

(lir.N ' 

3-298 

a-0,.,ir,,() 

3 • 2.56 

<1 n 

' '(i ‘ * 1 li 

5.310 

A (1 iff aid) i 

1 1-236 

(flo (li([uid) 

4*153 

N, (li([uid) 

1 3 --158 

O, (liquid) 

3 --182 

ir, (Ii({uid) 

1 4*671 

Hi' 

3-313 

ir<? 

2-290 

i\.X) 

13-2 

IPO, 

2 . 173 

Pb (li(iiiid; 

1-055 

Bi (li(]uid) 

1-191 

Sn (licjuid) 

0-325 


In trh(‘. Uibove table, tliere are, however, 
liquids for whudi the ratio is considerably 
<lilT(M(m(. from the value 1 derived from the 
pa.ra.c.lior law. The degree of approacdi of 
t.h<». (^xi)erim(mtal ratio to tlie theoretical 
va.liK’s 1 for a.ny licjuid ca.n be taken as a test 
of t.h(‘. li(iuid obeying the parachor law. 
rludg(ul from this standpoint, li(pnd metals, 
IM)„ HA), Hg, and II, (liquid) do 
not. appear to Ixdiave iik<i normal liquids. 

L. vSiBAIYA. 

I )(q)a,rt'ment. of Physic*, s, 

(huda-al Colleg(‘, 

Uangalorcq 
April 10, 19.15. 

’ lu(L Jour. PJiys., 1931 , 8 , 535 . 


The Effect of Magnetic Field on Electrolytic 
Conductors. 

In January 19.34 I observed that the conduc- 
tivity o'f aqueous solutions of copper sulphate, 
pot.assiuTU. permanganate and others, mea- 
sured by tlie usual Wheatstone’s Bridge 
method using alternating current of fre- 
quency ranging from 300 to 3,000 alterna- 


tions per second, did not show any perceptible 
change even in powerful magnetic fields ; 
but when direct current was used, the electro- 
lytic current flowing through the solution 
only for less than a second (before the com- 
mencement of the evolution of gas bubbles 
at the electrodes) as measured by a milli- 
ammeter, did show a definite decrease when 
the magnetic field was applied at right angles 
to the lines of flow of the electric current. 

Wliile continuing the investigation of 
t.his magnetic effect with a view to find out 
the exact cause of the change in conduction, 
anotlier interesting phenomenon was ob- 
served, viz., the deflection of streams of fine 
gas bubbles evolved during the electrolysis 
of aqueous solutions of several acids, alkalies 
and salts under the influence of a magnetic 
field. ^ While continuing and extending 
those investigations I have obtained the 
following results : — 

(i) The deflection of streams of gas 
bubbles evolved during electrolysis or in 
chemical reactions {e.g., action of acids on 
metals like Fe, Zn, Mg, and of water on 
calcium) and also of fine streams of solutions 
of electrolytes or colloids is observed only 
when both tlie electric and magnetic fields 
are acting simultaneously and not separately. 

(ii) The same stream of gas bubbles or of 
electrolytic solution is deflected in opposite 
directions when brought near the cathode 
and then near the anode. 

(iii) The deflection does not depend upon 
the chemical nature of the gas forming the 
bubbles or on the nature of the charged 
ions contained in those gas bubbles or on the 
cliarge at the interface between the gas 
bubbles and the solution, but it depends on 
the direction of flow of the current through 
the electrolyte and the direction of the 
magnetic field. 

(iv) Tlie streams of gas bubbles, etc., are 
mechanically deflected by the conducting 
electrolytic solution, which suffers deflection 
in opposite directions near the anode and the 
cathode, when placed in the magnetic field. 
In fact, this deflection of the solution near 
the electrodes can be rendered visible by 
suspending in it fine particles which show 
a rotatory motion in a clockwise and anti- 
clockwise directions near the two electrodes, 
when the solution is electrolysed in a magne- 
tic field. 

The last observation explains the results 
obtained by Dr. D. Glider" and also the 


552 


CURRENT SCIENCE 


[May 1935 


phenomenon described above, vh.j the de- 
crease ill electrolvtie conduction in mag*netic 
fields. 

A detailed account of this investigation 
will be published shortly. 

K. Krishnamurti. 

Chemistry Department, 

College of Science, 

J^agpur, O.P., 

April 29, 1935. 


that we shall be allowed to complete our 
work but obviously it is not to be. 

K. S. K4RANG. 
J. N. Eay. 

University Chemical Laboratories, 

University of the Punjab, 

Lahore, 

April 29, 1935. 


J Vol. 3, 352-353. 

^ Ber., 1935, 68, 700. 
Lac. cit. 


1 Ciirr. Sci, 1934, 2, 387. 
^ Praktika, 1931, 6, 130. 


Vasicin. 


In continuation of our note on the above 
subject published in Current Beiencel we 
wisii to state that the picronolate of the 
reduction product of the base IT mentioned 
in that paper, has been found to be identical 
with the picronolate of reduced vasicin. 
Therefore the structure of vasicin is linear 
and is probably/ I 



We had started on the synthesis of I by 
Xireparing y o-nitro -benzyl ami no -a -hydroxy 
butyric acid with the object of closing up the 
quinazoline ring b^T- reduction with zinc dust 
and acetic acid after lactamisation but we 
were surprised to find that Spath, Ku finer 
and Platzer- have just effected almost an 
identical synthesis. In view of the position 
stated by us in Current Bcienee we thought 


2:4: S-Trimethoxy-l-allyl-benzene. 

Asarone (allyl). 

Olefinic phenols and their ethers are among 
the commonly occurring and important 
compounds in the vegetable kingdom. Though 
asarone (2:4: 5 trimethoxy-l-propenyl- 
benzene) has been known since 1890, its allyl 
isomer has not been known, attemx)ts at hs 
synthesis having proved unsuccessful. It 
is the only allyl isomer among the naturally 
occurring olefinic phenolic ethers that is un- 
known. Recently Kelkar and B. S. Rao^ 
during an examination of calamus roots 
found that the volatile oil contained 82 per 
cent, of a body closely allied to asarone, 
further puriiication leading to samples with 
85 per cent. The latter could not be induced 
to solidify, thus showing that it was different 
from asarone which melts at 67°0. But 
as it had not been obtained chemically 
pure no definite conclusion could be reached. 

Asarone (allyl) has now been obtained 
pure by treatment with selenions acid wliich 
holds back the impurities and hnal distilla- 
tion over sodium. It is converted quantita- 
tively into asarone (propenyl, m.p. ()7°C.) 
by fusion with caustic potasii, like other all^d 
X^henolic etliers. Th(^ properties of asarone 
(xwopemd and allyl) are as follows : — 


Asarone (allyl) 

M.p. 

B. P. 

d 

.'!0 

n,i 

(h,). 

(from Calamus oil) 

liquid 

283/685 

nini. 

1-078 (cZ/"") 

1 - 5578 

62‘2 

Asarone (propenyl) 

G7°-C 

296/760 

rnm. 

1-165 (d/°) 

1 - 5643 

62 • 7 


Its physical and chemical properties which will be described elsewhere are 
agreement with its being an allyl isomer of asarone. 


Indian Institute of Science, 
Bangalore, 

May 1935. 


B. Sanjiva Eao, 

K. S.- Stjbrawanian. 


ill 


1 Jour. hid. Inst. Sci., 1934, 17A, 29. 
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VitaiTiin C Content of Some Indian Plant 
Materials. 

In tln‘ (‘()ui‘.s(^ of a .soiircli for a vsuit.able raw 
ina-l(‘riail for the ])ropairation of ascoi'bio acid 
for study of its action on catlicptic 

prol ('a.s(^s, wc hav(^ (^xiunined a large number 
of iudigxaioiis friii(,s and vegetables for tlieir 
(‘ont.cad. of this vit,a,nun, using Tillmans’ 
nud bod of ttl. ration against 2 : (> dieldoro- 
pluuvol-indophenol as modilied by Karris’ 
and by Miniiuu‘i(‘ and h]{‘k(d(m.“. Some of 
tdi(^ r(\sult.s a,r(‘ giv(‘n in the following table ; 
pa.ra.ll(‘l titra.tions aga/nist. iodine are also 
iiudud<Ml, th(‘ r(‘dueing povver being (‘xpressed 
as Uiseorbie ai(*id. 


The experimental findings not only show 
the existence of strikingly rich sources of 
vitamin 0 among materials hitherto not 
exatnined, but also throw interesting light 
on the variations in the conditions in which 
it exists in plants. Thus the four materials, 
Nos. 2 — 5, in the table below give extracts 
wliicli undergo oxidation very readily as do 
solutions of pure ascorbic acid. This 
tendency to rapid oxidation runs parallel 
witli the absence of any considerable amount 
of other reducing material in the extracts, 
as shown both by the proximity of the 
values obtained by titration against the indi- 
cator and against iodine, as well as by the 
small fall in these titres after mercury 


Table I. 


Material 


1 'riu! Indian j^ooseljcrry — /^/lylCiitf/iKS cinblica Linn. 

2 I )i'uinslit'k Morin NiJ oU'ifcra Laink. Lenf 

„ I'ocl 

•1 St'sbania y^rautii flora ^ pers. Leaf 
5 (’hilli -('ap.'tiiitni fniilisccns^ Linn. Cj-reeii 
„ „ Ripe 

(i Cr,\'r\\o.\s Anacardiitnt ocddcnta>e^ Linn. Juice 

(iiuvinT nil.) 

7 (aistnnl apple — Anona ntfnantosa^ Linn. 

8 Ikn Ja.s. 

0 ( iTan}j,c (Sathnkudi) 


1rca.lin('iit. of tlu‘. (‘xtriK'ffi. CaKlu'-w apple 
:u>(l liuliaiU f’'ooK(‘l)erry, on llie oilier liand, 
^iv(‘ exfra.cl'K of consi(l<‘ra.ble stability, the 
lablcrin i)a,r1 icnlar rctaiuiiiff its titre uiHlimi- 
uisheil even aftta- a, wcH'k's standing, lii 
Ihcse tnat(‘ria.ls th<i dilTdrciuie. between iodine 
and indicator ifiros are appreciable, and 
1 real nuait wil li nn'reury cansi's the removal 
of a huiie a, mount of reducing material. 
After iireeiiiilation with mercury l.lm extracts 
lu'conu' rca.dily auto-oxidisablc, so that 
it would s('cm that originally they contained 
a, substance or substances protecting ascorbic 
a.cid from oxidation and prccipitable by 
nu'rcury salts. It wa.s further obserxmd that 
l(‘a,(l acetal.(‘ and trichloro-aeetic acid were 
a.lso capable^ of removing the natural anti- 
ox i<la.nt prc'seut in tlicse juices. Tire nature 
of tlu'sc proteclivc (and perhaps interfering) 
snbsta.nces is still under investigation but 
it. was lihonglit advisable to publish this 
short account of the findings already made, 


mg, of ascorbic acid per gm. of fresh material 

Initial Value 

Value after mercury 

1 treatment 

Indicator 

Iodine 

Indicator 

Iodine 


4-13 1 


3-65 


2-lG 

2-24 

1-92 

1*99 

1-1)1 ‘ 

2-10 

1-91 

2-10 

1-84 1 

2-02 ' 

1-64 

1-95 

M) 

1-44 

No precipitate with 

1-07 

2-17 

mercury 

2-03 

2-86 

1 1-7 

2-05 

1-03 

. , 



0-84 



.. 

0-63 

0-70 




especially in view of the announcement by 
Mrrwsoir'" of the protective action of animal- 
tissue extracts on ascorbic acid. 


Another point to rvlriclr attention may be 
drawn is that the ascorbic acid content of 
chilli, as well as of other fruits tried, attained 
a maximum at a certain stage of ripeness, 
the value being low'er both in the unripe as 
well as in the over-ripe fruits. 

M. Damodaran. 

M. Srinivasan. 

University Biochemical Laboratory, 

Madras, 

Mmj 10, 1935. 


^ Harris and Ray, BiochevK 1933, 27, 30o; 
Birch, Harris and Ray, Ibid., 590. 

- Emraerie and Eekelen, Biochem. 19.34, 28, 1158. 
^ Mawson, Biociicm. J., 1935, 29, 569. 
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The Electrical Transference of Vitamin in 
Aqueous Solution. 

We reportecr in 1931 that vitamin in a 
concentrate, prepared from yeast, migrated 
to the cathode at pH. 8 *5 in an electric field. 
This constituted at that time the only 
direct evidence for the basic nature of the 
vitamin, which wa.s supported by a mass of 
indirect evidence. This appears to be now 
further corroborated by chemical studies of 
what appears to be the pure vitamin-; 

Eecently, however, Sankaran and De^ have 
called into question our evidence regarding 
the electrical transference of vitamin B^. 
They state that the vitamin has an iso-electric 
point at about pH 3»0. Although this Avas 
considered highly improbable for a variety 
of reasons, we ha^m re-iiwestigated this 
question by subjecting a very concentrated 
preparation of the vitamin, obtained by the 
fractionation of an extract of rice-polishings to 
electrophoresis at pH 8 -2, essentially accord- 
ing to the method of Sankaran and De, and 
have corroborated our earlier observation 
made at pH 8*5. The vitamin migrated to 
the cathode as tested biologically with rats. 
The solution in the anode compartment Avas 
completel^^ inactive. 

The erroneous conclusions of Sankaran and 
De are perhaps to be ascribed either (1) to 
their using a suspension of the international 
standard — a crude “acid clay” adsorbate — 
for electrophoresis, or (2) to their relying 
on the measurement of extinction coefficients 
for the assay of the vitamin, Avithout checking 
their results by any of the standard biological 
methods. 

B. CxHOSH. 

B. C. Guha. 

University College of Science, 

Calcutta, 

and 

Biochemical Laboratory, 

Bengal Chemical and Pharmaceutical 
Works, Ltd., Calcutta, 

May 1 , 1935. 

1 Birch and Guha, Biochem. J., 1931, 25, 1391. 

- Windaus, Tschesche and Grewe, Z. physiol. Chem., 
1934, 204, 123. 

Sankaran and De, Ind. J. Med. Res., 1934, 22, 215, 

233. 

Observations on the Recent Frost Damages. 

Cold waves have become rather of regular 
occurrence since 1929, and this year (1935) 


the almost total loss of a promising harvest, 
has attracted keen attention from scientific 
standpoint. 

Pull meteorological data haAx^ been kept 
up at the Station since June 1932. Table I 
shows the occurrence of two mild cold Avaves 
during the first season. 


Table I. 


Days 

‘ 

Max. 

(F.) 

Min. 

(F.) 

Soil tempera- 
ture at 1 ' 
depth (F. ) 

1932 December 2.5 

70° 

43° 

75° 

1933 January 22 

86° 

41° 

74° 

23 .. 

80° 

42° 

74° 

26 

70° 

42° 

75° 

27 

78° 

1 43° 

74° 

29 .. 

76° 

1 41° 

73° 


Frost for the subsec[uent years — 1934 and 
1935 — became comparatively very severe 
and occurred during the same period, viz.., 
13th to 21st January. The data for these 
years are graphically represented in Fig. 1. 

Observations on the damage done to plants 
were made almost immediately after each 
spell. Thus, in addition to cotton and 
tobacco in 1933, potatoes, cabbage, castor 
and j)apayas also suffered to a certain 
extent in 1934. The intensiA^e study of tliis 
year has yielded more exact data r(^garding 
the damage. Thus, Cotton (GossypUm. her- 
bacewni and varieties), Nicoiiana tahaomn 
(varieties), Cajanus indiciis and Soya Beans 
(Glycine hispida) were totally destroyed. 
Others like Capsiciim frntGscens (varieties), 
Ricinus cormnunis (smaller varieties), Solanum. 
melongenaj Solamwi tnherosim-^ Ly coper sic mi 
esculentum suffered from 95 to 90 per cent. 
The rest Saccharum officinarmn., Brasslca 
olei^aceaj Cumin am cyminum were affected 
to varying extents from 45 to 10 per cent. 
Amongst the few crops that escaped any 
injury may be mentioned Allium Cepa^ Gicir 
arietinum, Linum usitatissinium, Trlticum sail- 
vum, ^ledicago saliva and Fueniculum valgare. 

Amongst the orchard and garden plants 
that have been affected are Ficus carica 
(100 per cent.), Carica papaya (90 per cent.), 
Mangifera indica (10 per cent.), Anacardlimi 
occidentale (50 per cent.), Mtisa paradisiaca 
(90 per cent.), Franthemim bicoler (100 per 
cent.), Jasminum Sambac (90 per cerir.), 
Jasminum arbor escens (90 per cent.), Taber- 
ncemontana coj'onaria (45 per cent.), Rosa sps. 
(10 per cent.) and Miehcelia champah (10 per 
cent.). 
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Minimum and soil lemperatures for 1934-35 during the frost period. 


Soil 

temper. 


Min. 

temp. 


Days. 


!<'roni Tctusny 

Mnlluqo hh'lit, Or.iviiim- mn-iirn, {'iocn (mri- 
dflala :ui(l Trichodrswa zn/laidru-m. HuiTt'.ml 
(ol'il (It'sl ruction while the loKS to ('donia 
nr(in,lr<u l^rwax mprm, Ca.ma 
llrnjin oilomla, ('upcrux ralumiun iunl ! hyl- 
Kirurl riLiificd troiu K) to tXl IH't 

(•(‘111 . 

It IU!1,V b(‘ not.c(l tliiit the. Hoil temperatures 
no to i foot, or iK'low never went beloiv 
TO" K a.n<l injurv had been mostly to the 
.,,criu.r parts (if the' plants. All the plants 
‘sprout, fresh after tlu' rt'sain of the normal 


The Roots of PsaroniuH, Intra-Cortical or 
Extra-Cortical ? — A Discussion. 

In ;i preliminary note with the above title 
eonununieated last Jiovember to the Indian 
Seieiie.c Congress and read before the recent 


temx)eratnre 

advantage. 


but without any economical 

F. F. Bharucha. 
\^. Ff . Likhite. 

H. F. Patel. 

G: H. Besai. 


Biological Laboratories, 

Bayaji Jubilee Science Institute, 
and 

Itesearch Laboratory, 
Agricultural Experimental Station, 
Baroda, 

February 13, 1935. 


Calcutta session (January 1935)', I wrote as 
follows : 


“ la the root-vegioa of Psaronius generally two 
,nes can be distinguished : an inner zone of 
•iatively small roots which are very crowded and 
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somc-ti tries flattened in conseqaence, with a ‘ pack- 
ing ’ of tiiiu-walled filamentous cells ; and an 
outer zone of larger, obviously extra-cortical, free 
roots, which are not distorted by mutual pressure. 
The inner roots were formerly regarded as intra- 
cortical, but since 1902, after Parmer and Hill 
(see discussion in Scott, Fossil 1920, 1, 

271-275), the view has gained ground that they 
are also extra-cortical, the filamentous tissue 
being regarded as the compacted Viairs derived 
from the roots themselves. This view was con- 
firmed by Solms (1911)- ” [and, I may add, 
accepted by the late Dr. D. H. Scott]. 

After an examination of some material from 
Chemnitz-'^ the writer has been led to believe 
that the intra-cortical view was after all the 
correct one, and that SbenzePs interpretation best 
meets the observed facts. Along the outer border 
of the inner zone the writer finds many places 
where there is an unmistakable compact periderm- 
like tissue, in places a dozen cells deep, with the 
cells serially arranged [see Figs. 1, 2j. This 


view that ‘ the embedding tissue is a secondary 
zone, developed pari passu with the growth of the 
roots after the leaves had fallen ' (Scott, p. 217). ” 

The object of the present comrnunicatioD. 
is to bring forward some further facts in 
support of Stenzel’s view. I confess that 
although Stenzel’s interpretation probably 
offers the best available solution of the 
problem, even this at first seemed to ine 
rather far-fetched. I knew of no other 
plant, living or extinct, which showed the 
unusual mode of growth visualised by 
Stenzel; and although I have had the main 
facts before me for over three years, I did 
not feel quite convinced. 

However, as stated, my preliminary note 
Avas communicated in 'November, and I was 
hoping shortly to write a fully illustrated 



Fig. 1. 

Outline sketch (diagrammatic) of cross-section of Psaronius sp., showing the position of the periderm 
(dotted line). Among the extra-cortical roots (outer zone) are several epiphytic stems and roots of Anky~ 
ropicris scandens Tiibicanlis Berthieri. Nat. size. 


‘ periderm ’ is not in a continuous band all round 
bub this seems to be due to the fact that here and 
there the inn3L* roots are bursting out through it 
so as to become free. ” 

'• The absence of leaf traces among the roots 
cannot be questioned but is explicable on Stengel’s 


description of the facts, for whatever they 
might be worth, Avhen indirect support for 
Stenzel’s view came in from an entirely 
unexpected source, namely, a living member 
of the Liliacese^ Asphodelus tenuifoUu^f 



Fig. 2. 

Part of ilu; pcridcr n, a dozen cells deep (from the 
same specimen). X 60. 


ill ffiuuijiry I cruno (o know of a 
pa[)(‘r by Mr*. K. Ivi. Mnlila., M.vSt*.., of 
i;<ninr(‘s, (li‘S(‘ril)in<»' the root-sysUnn of tliis 
(‘onunon wimmI.' At; iny re(|U(‘sl'i Mr. 
Mi'hla v<‘i'y kindly stnil; nio a few of liift 
ori^'inni si^dions, wdiiidi I su])i)l<‘ni(Mil'.(Hl ])y 
S(‘{*lions (Mil, from plant.s in 

Lucknow. 1 was thus a.i)l(^- to conlivin his 
obsiM'vations in t,h(‘. main, altliongh l;h(‘. 
structur<‘ scmmus inor(‘ c.omphhaitc^d than he 
(lt*S(M‘ib(‘S, and (i(‘sc.rv('s mon' d<da.il(‘.d investi- 
o-at ion. Tin', faeis, so far as I ha.ve betui 
abl(‘ lo ^a-t luM* Lkmu from ha,nd-s(Md ions, a, re 
bri(dly as follows; 

In */l . IrH Hs\ unlik(‘. th(‘. c.ondition in 
most. nionocot,y h‘(Ions, tlnu'e is oiui imiin 
rootic.r. in 1 ) ^^ hi(di pcrsist.s a,nd beha.v(^s 
s()nu‘what like t.lu‘ taji-root of a dicotyledon. 

younjjj(M* roots, w hos(‘. r(da,tion to the 
main root slill ikhmIs eliica'dation, grow 
vtud ica,lly down t.lirougli th(‘. cortex, of the 
lal t (M% rat.lKM- lik(‘ th(‘. intra-cortical roots of a 
Ijijvo poill ivni. Lilt, they soon become so 
(‘I’owdtsl tluit, th(‘.y b(‘gin to distend the 
nuiin root,, which mea,n vvhil(‘. has already 
provided for a,u increase in girth tlirough tlic 
ai(*tdvity of a, piu’ipluu’al cortical cambium 
{m.p. in Fig. 1). Thus a secondary outer 
eorti^x. of tdiin-waUcMl radially arranged cells 
(<*ompaira,bIe. to tiuit Ihm'c described in 
Vaaroiiius) is formed. fcSome of the later 


Fig, 3. 

Psaronius iiifarclas : stem bereft of the intrs- 
cortical root-zone, showing the scars of fallen leaves 
upon a decorticated surface in the region of the inner 
cortex. Photograph by A. R. Rao. X3/10. 

formed roots also contribute a little to the 
girth by partial periderms of their own. 
Lilt it is a curious fact that these partial 
periderms arc developed only on their outer 
sides, ivhcre they are in contact with ike main 
pcrUkvmip.p. in Fig. d). The whole appear- 
ance strongly suggests that the formation 
of these partial periderins is induced by 
some contagious influence (? a hormone) 
emanating from the main periderm. The 
newly formed roots sometimes even grow 
down through the cortex of roots only 
slightly older than themselves (r.r. in Fig. 4). 
Ill a full grown plant a transverse section 
througli the root system may show as many 
as a hundred or more intra-cortical roots 
packed round the centrally placed stele of 
the main root. These roots are as a rule so 
densely crowded that there is very little 
room left for any ''packing tissue but 
the mode of development leaves no doubt 
whatever that any traces of such a tissue 
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that may be left can only belong to the resolved into their constituents at still 
cortex of tlie main root. At the loioer end lower levels. 

of the plant the roots arc seen breaking through | I ought to add here that the above inter- 
t'he sheathing periderm^ either singly or in | pretatioii has been confirmed by iny 
thongs of two or rnorCj wliieh become ! colleague, Mr. A. R. Eao, who prepared at 



Fig. 4. 

A splindclns toniifolius. Peripheral part of a transverse section of an old root, with periderms 
{uup.}, intra^coriicnl roots with partial periderms [p.p.) on their outer sides; {c.r.) central root ; (r.r.) 
root within root. Camera lucida sketch from a section sent by Mr. Mehta. 

my request an independent series of sections, tion seen in tlie Palieozoic genus whicli lias 
Similarly Mr. Y. Puri of Agra, who kindly so long puzzled pahieobotanists. Mr. Mehta 
undei'took to prepare some further sections does not mention PsaronhtSy but the 

for me, also arrived at essentially the same resemblance is obvious and full of signifi- 
interpretation. cance from our present point of view. It 

In presenting this necessarily brief de- has, at any rate, removed my own mis- 
scription of the root system of Asphodelus givings as to the far-fetched nature of 
I do not wish to claim tliat we have a com- StenzeFs interpretation which, without 

piete solution of the Psaronius problem. But committing myself to details, I am now 

the discovery of this very unusual mode prepared to endorse. I now have little 

of growth in a modern plant certainly pro- doubt that the roots in question are truly 
vides an interesting parallel to the condi- intra-cortical, although the exact nature of 
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the packing tissue is still obscure. Consider- 
ing all tlie facts, and especially those 
brought forward by Solins-Lanbacli in 
1911 (see his Fig. 5, p. 7 11) it seems the 
packing tissue in Psaronliis after all 
does belong to the roots themselves, as first 
suggested by Farmer and Hill ; although, as 
Stenzel contends, it was probably of second- 
ary origin. At this point the analogy with 
the partial periderms of Asphodelm is x>f^rti- 
cularly helpful. The true explanation thus 
seems to lie in a combination of the views 
of Stenzel, Farmer and Hill, and Solms. 

Stenzers idea that the leaves had fallen 
before the root-zone was developed is also 
substantiated by such specimens as the one 
shown in Fig. 3. Here leaf-scars are visible 
on a surface (probably in the region of the 
inner cortex) exposed by the decortication 
of tlie inner root-zone ; whereas leaf-scars 
have never been observed, so far as I know, 
on any surface external to the root-zone. 

We thus see that the newly discovered 
facts strongly support the view of tliis acute 
German observer, that the compact root- 
zone is truly intra-cortical. For us modern 
workei'S it is well to remember tliat Sten- 
zeks conclusions were based not upon an 
examination of thin sections but only of 
polished surfaces examined in rcliected 
light. 

Once more, the pioneer’s work has been 
vindicated, although it had long been held 
in question. 

A fuller account of the subject here dis- 
cussed will be published elsewhere. 

University of Lucknow, E. Sahni. 

April 24, 1935. 


^ Free. 22iid. hid. Scl. Coiujrcss (Botany See,), 
Calcutta, 1935. 

^ - The literature is fully cited in Scott’s Studies hi 
Fossil Botany. 

Received in exchange from a private collector 
(Herr Guldner, a contractor of Chemnitz) during u. 
European tour in 1930. 

Since published. .lour. hid. Bot. Sac., 1935, 13 (4), 
271-275. 


Chromosome Numbers in some Setaria Species. 

HaivAjima, Goichi (1930)' records 18 as the 
somatic number of the chromosome in the 
Italian Millet, Setaria italica, Beauv. 

At the Millets Breeding Station, the 
Italian Millet and some of its allies have been 
under study for some time. The examina- 
tion of their chromosomes was taken up. 


Three species of the genus Setaria w’-ere 
examined, viz.^ (1) S. italica (Beauv.), (2) S. 
vertieillala (Beauv.), and (3) S. glaiica 
(Beauv.). S. vertleillata is the familiar burr- 
like wild ally of the Italian Millet with 
•retrorse barbs on the bristles. S. glatica 
is the Kavutta grass of the dry lands of 
Malabar and the Korall of the Nilgiris. 

In S. italica wdiose cultivated forms show 
a Avide range of height and vigour tliree 
types, viz., (1) Dwarf, (average heiglit 45 cm.), 
(2) Medium. (100 cm.), and (3) Tall (130 cm.) 
were examin(‘d. 

Th(‘ young buds were fixed both in Carnoy's 
fluid and Allan’s modifleation of Bonin’s 
fluid between 9-30 and 10-30 a.m. Chromo- 
some counts -were made at diakinesis and in 
metaphase plates. 

The haploid number of the three species 
have been determined as folloAvs : — S. italica 
— 9 (Fig. 1) ; S. verticillata — 9 (Fig. 2) ; and 
S. gkmca — 18 (Fig. 3).- The three types of 
S. italica Avere alike. 

In both S. italica and S. verticillata one 
pair of chromosomes Avas found to he much 
larger than the otliers as seen in the meta- 
phase plates. The rest of them A\'ere more 
or less equal. In S. glauca there Avere tAvo 
paris large and tlie rest equal to one another. 
Secondary pairing is evidemt in this species, 
showing its polyploid nature. The species 
is probably a tetraploid one. 

The longest diameter of the nucleus 
(average of 20) at diakinesis of all the species 
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X 1«52. 

shows tliait in A. vertieillata it is small (-1 '8r)jLt), 
S. italica (medium 7 and A. glanca 
(large 12 -Sn/x). 

In the classilication of the HetariaH, 
vertieillata by virtue of its retrorse barbs and 
articulate fruits has been clasvsed apart from 
S, italica, wliereas aS'. glauea is ranged next 
to S. italica. It looks therefore probable 
that S. italica and 1^. glauea form the diploid 
and tetraploid species of one section of the 
genus Setaria. 

Krishnaswamt. 

G. N. Eangaswami Ayyangar. 

Millets Breeding Station, 

Agricultural Eesearch Institute, 

Coimbatore, 

April 11, 1935. 

^ Herbage Abstracts, 1931, 1, No. 1, p. 2. 

- Madras Agricultural Station Reports, 1933-34, 
p. 442. 


Some Abnormal Ovules and Embryo-Sacs of 
Thylacospermum ruyifragum Schrenk. 
Last year the writer investigated some of 
the developmental stages of the flower of 
Thylacospermum r^ipifraguvi along with the 
anatomy of its vegetative parts, a short 
account of which has already been published 
in a recent issue of this journal.' The 
entire material available in this connection 
consisted of about fifty fairly old flowers and 
a few fruits. An examination of them after 
sectioning yielded some interesting abnormal 
facts worth recording. 

Ordinarily each flower of Thylacospermum 
has in its incompletely bidocular ovary four 
campylotropous ovules, each with two integu- 
ments, the inner one forming the micropyle. 
Each of the integuments is two cells thick 
except for the micropylar and of the inner 
one which is thicker. In the centre of the 
ovule there is, as usual in the Caryophyllaceje 


an eiubryo-sUiC',, lying cunbt'ddiMl in a t'hicl 
nuccllar tiissu(‘. The fully-rornuMl <unbryo 
sac is an <S-nu(‘.h‘aI(‘ stni('inr(‘ ami is alnios 
of the usual AngiospcuMuii' type^ ex<‘<‘pt Tor : 
few (linei*(uic(\s (l^dg. 1). In s}m]K^ i1 i 
broad in th(‘ .niiddh^ a.n<l lapc'rs towa.nls th 
two ends. Th(‘ syn<u*gi<ls ar(‘ lurternEy hook(M 
and are sonu'wlml Ia,rg(n' l.haiii th(‘ (\gg e(‘ll 




Thylacospci uiiiui nipifroi/itni. 1. An 8-nnclcai 
normal embryo-sac. X720. 2. A 1, s. ( Semi-il lajn’-Hn 
matic) of the ovary of the flower with ovules which ai 
lobed and contain an unusual number of embryo 
sac?. X52. 

The d(‘g(m(u*ation oT th(‘ ern hi‘y o-sue am 
th(‘ nue.(41us in th(' ovnl<‘s s(hnns lo h<‘ o 
corumoii (namrrtUKa^ in this pla-nt. Most o 
the now(‘rs and rriiit s (‘xaiinim'd sh()W(al (41 he 
piartially or (*()ni])l(‘t(*Iy eol]a,jis(‘(j nU(M‘}lu.‘' 
The forimn* was round to contain (41 he 
d(‘gem‘raiting (anbryo-saies or <anpty space 
in tlH4r pla.cah 

OiK' (low(^r waiS obsmwaMl in whi(4i Hr 
iiitegunKmt.s aiiid t4i(‘ ba.saJ pa,r( of th<‘ o\ uie 
had grown (‘Xt't'ptaona.lly hirgt' and as sue' 
the oviih'S tilhal th(‘ (ntir(‘ (hivity of I he ovar\ 
The massive^ ini-(^guin<nl s of l.li<‘ o\'n h*s \vi*r 
of an lUHwen thii‘kn(\ss aiiid t h(‘ iimnn' om* dii 
not form aaiy d(4hut.(‘ niier<^|)yl(‘ as in th 
normal ease. Monthly tln^ to|> (4’ t in^ nne(41ti 
was left une.(>v(‘r(Ml aiiid il. n‘st(al dirm-tly o 
the wall of iho ovairy. All the* (mihryo sat 
found in tiln^se oviilt^s liad d(‘g<n(‘ra.t(Ml. 

Anotlun* int(n'(‘sthig a.l)n()rnia.Iity \\as im 
v/itli in a llowcn* with six ovules inside th 
ovary instead of tlu‘ usua.l four. Ail (h 
ovules were, of a. veny imusua,! type*, h/.ie 
of them was ('.oin|)a.raitiv(4Y hirg<‘ and v(‘r 
much lobed. It did lud^ show Uitiy (uinij^yh 
tropous ciirvatuiHh A, v(‘ry hirg<^ vaselihi 
strand from the phuamt.a (uitinaal tlu‘ ha.s( 
Each such ovuh^. conHi.st(‘d of ahnost- siniili: 
nucellar cells and did not. possess any (I(4init 
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Fio*. 2 o-ives a seini-diaoTani- 
uvAllv of this condition ais scon 

in ii l.s. ol tlu‘ ovary. In (^acli ovnk' one or 
two n pjxo’inosti lobes were lari;‘er and each 
eontniiHHl on(‘ or in some eases two em])ryo- 
sa<*s. On th(‘ otlier Inind, tlu' lobes in i.be 
!o\V(‘r ])n.rti ol t iu^ ovuI(‘ \v(n‘(" (‘omparatively 
sinaJ](‘!‘ jMid st-(‘ril(\ Tli(‘ nak(xl condition of 
I })(‘ ovul(^s inside tb(M)vairy is ('.()Tn])aT*ab]e to 
tba,t of 0i(‘ “nianu'lon ” of tln^ Lorantliaeean 
niin\b(M‘ ol (‘inbryo-sac's ixn* ovnb'. varicxl 
from on(‘ to tlir(‘(w Oiu'of t.he embryo~sa.('S 
was found to b(‘ ' l-nucb'ate and appcaired 
norma, I. On(‘ S-nue.Ieat(^ (anbryo-sa(*. was 
norma, b bein^ii* sinHla,r to a fully-fornual 
(anbryO“Sa,(' of a. norma,! ovule. Tlirc'c 
(‘m!>ryO"Sa,(*s \v(a*(‘ IS-, Kb and 4-mnd<^ate 
a,n(l w’i^ro of a,bnorma] t,ype. Tln^ exa(d- 
posit ion of tli(‘ nueba in t heses ('oiild not ])e 
ebairly ma'(l(M)ul,. Otlier embryo-sa(.s wau’e 
■1-, S-, 15” a,nd 2 1 -nuel(‘a,t,(‘. IMn^y differed 
\vi(hdy bot h from t lu' normal (unbryo-sae and 
from on(‘ a.notli<‘r in |,}i<‘ir size and shape and 
tb(‘ orj^’a-nisa.tion of |,1 h‘ nuclei. A full 
a,(‘(‘ount of t lumi wit.h a,ll I,1 h‘ dia.i*'rams will b(‘ 
slmrtly jiublisluxl (ds(‘\vh(‘re. 

PUAKASU ('ll A IN DU, A eJoSIII. 

I )(‘pa rt numt, of l >ota,n\A 
rniviu’sit y of t h(‘ Ibmjal), 

La,liore, 

April IS, IbS5. 

' i'lirr. Sci.. bM5. 3, 300 301. 

An Instance of Reversion of Floral Parts in 
Q ({is{iualis hid Ira, 

WiiiLc: ea,sua,lly loolvin^ 4 ■ a,t a fihud, of (tx/.v- 
(IKtdJy hidira in t,li(‘ Bot,a,ni(*al (lanbms of 
tlu‘ IbmariNS j lindu I inivan’sity, in April b 
A- sin.u’l<‘ hiryi^ p<d.aloid st,ru<‘.t,iir<‘ lik(‘. t,b<‘ 
s(‘pnl of Mussamda,, anion^* aiii inllor(ss(H‘ne.(‘ 
a.ttra,el(‘d my att (uition. On (‘xamina,l.ion, 
it was found t lia.(, t in* \vlioI<‘ of t,li<M'a,ly.x 
(d' a, llo\v(‘r \va,s niodiliixl into <h sin<>i(‘ st,rue.t,ur<^ 
likc‘ ili<‘ sepaJ of A1 iissaaida), vvit-lionl, a-ny 
{‘vi(lene(‘ of a- tubuhir sl,riietnr(‘ at a, 11. This 
\va,s a.risini>’, not, from t,lu‘ inlloi‘i‘se.(‘n(*(‘ axis, 
but- from ilie subtending’ bra,et,, am! wit-b t,be 
Iatt(‘r, two bra,ets Ixdonyino’ t,o two a,(ijaeent 
!a,tt‘ra,l norma-I flowio’s, liav(‘ also fnse<l by 
tludr (‘d^’cs up to a, eonsid(‘rabl(‘ l(‘ni>‘tli. 
On th<^ post(U‘ior surfa.(‘(‘ of l,Ii(‘ sin^de sepal 
was atba,(dH‘<l only om‘ stamen witli a normal 
antlun*. 

As for t,lH‘ ^ymeeium of this (lower, there, 
is no t ra(*e of it,, but just in Oie axil of this 
modilUxl st,ruet-ur<‘, ‘ is an organ perfectly 


leaf -like both as rega-rds colour and general 
a])pearance, and is about five times the size 
of an ordinary bract. This structure has 
not got any connection with any other flower, 
and it may be regarded as a modifleation 
of the. gynEeciuin. 

dhiese abnormalities may be considered as 
iHwuu'sions to the foliar nature of the floral 
parts, although tlie cause of such a reversion 
cannot adequately be explained at present. 
I lie gyna'ciiim has completely reverted to 
the h^af-form. The tube-like calvx of the 
noimal flower lias been modified to a large 
lea,f-like form, but brightly coloured. This 
nwuuvsion itself explains the fusion of the 
])i‘aet Avith it, and points to a closer relation 
to a leaf, because leaA'^es generally do not 
liave any subtending structures. 

Tn the specimen, the basal region of the 
bracts has been twisted, so that for outward 
appearance, the posterior side became the 
anterior, and vice versa. 

Y. S. Eao. 

I'tajahmundry, 

April 29, 1935. 


Notes on a Collection of Paguridea from Porto 
Novo. 

A (X)LLF.CTi()N of Paguridea from the back- 
waters of Porto Novo and its neighbourhood 
belongs entirely to the two families PagurUlce, 
Dana, and Coenobitidw, Latreille. Paguridce, 
Dana,* is represented by the three genera, 
IHogeneSj^ Dana, P^agurus, Fahricius, and 
C’lihanarkiSj Dana, while the Coenobitidee, 
liatreille, is represented by the single genus 
Cornob Ha, Latreille . 

Genus, Diogenes^ Dana. 

''riH‘ folloAving species of the genus are 
inelud(xl in the present collection : — 

(1) T). enstos, Fabricius. This is the most 
(‘oininon species of the locality and a large 
nuinlx^r of them have been collected. The 
uKunbers of this species are found to inhabit 
the shells of as many as twenty-two species 
of gastropod molluscs. 

(2) J). diog ones, Herbst. This is not as 
(•onimon as i>. evstos, Fabricius. 

Genus, Pagurus, Fabricius. 

The species belonging to this genus are 
comparatively rare in the locality and the 
genus is represented by only Dvo species, 
mentioned below : — 

(1) P. Jiessiij^ Miers. This is the largest 
and most brightly coloured species of the 
collection. Only two specimens have been 
collected, 
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(2) P. piniHiihUys^ Oliver, ^riils is also 
lar^’e and is e.haira('terist,i(‘ally ('oloured spe- 
cies. Only one specinum is imsseiit in tlie 
colkHdion. 

G]^:ni6S, CHhavariics. J>ANA. 

Tlui folio win.i^’ species of ih(‘ ^'enns have 
been, collected : — 

(1) C, ollmceouB, IIcnHleison." Tliis is a 
very common, small, backwater s[)ecies of 
th(.‘ locality. 

(2) 0. loiujUarsls/' dv- Ilaan. Tlu‘. spe(‘ies 
is fairly common, occurriiyy alone: with 
C. olivaceous, Ifeiiderson, from which it (*an 
b(^. eaKsily distinguished by the pres(mc(^ of 
red and blue sti'ipes on the legs and by the 
absence of any lines on the eye- stalks. 

(3) C. inf rasp Ililgendorf. The spe- 

cies is rare in the locality and only one speci- 
men is present in the collection. This is a 
fairly large, orang’e-y(dlow specimen having 
a, carapace of 30nmi. long and is easily 
distinguished, by the x>^'<^'Sence of a strong, 
(‘.onical tubm-clc on the undersurface of the 
merus of the cheli])ed(‘S. 

(4) i \ arctliusa, de Man. It is fairly com- 
mon in. the locality. 

(5) C. apitahiles, de JTaan.^‘ It is not com- 
mon in. tlie locality. Only otk^. spcHhmen has 
been collected. 

Gentis, Coenohita, Latriult-k. 

The nicmbers of this genus secun to pr(‘fer 
h(^a■vy, gastropod slielhs for their abod<‘s. 
It is represented by the. tAvo sp(‘eii‘S sp(Mdti(‘d 
l)(‘lo w : — 

(1) C, cavi'pes, Stimpson. Only om' larg(‘ 
sx')ecim(m. lias been (.‘-ollected. It ap]){‘ars to 
be rare in the locality. 

(2) (7. nigosus, Milne Edwards. It is fairly 
(‘.ommon ; but it do(\s not grow to ii v(‘r'y 
large size. It is easily distinguished frorii 
G. cavipeSj Stimpson, by the presence of 
a stridulating inechanisin on the left palm. 

A. Raivtakrisena REDor. 
Annamalai University, 

Annamalainagar, 

April 15, 1935.' 


I The key in Dr. Suiidara Raj’s 'Pagnridca' 
{Bull din of the Madras Govcrnincuf Mnscuni, New 
Scries — Natural History Section, Vol, 1, No. 1, 1927, 
p. 131) does not include this species. 

- The key in Colonel Alcock’s '‘Catalogue of Pagu- 
rides in the collection of the Indian Museum” (1905, 
pp. 42 and 43) does not include the two common 
South Indian species C. olivaceous,, Henderson, and 
C. loiigifarsis, de Haan. 

Dr. Sundara Raj (vide Bulletin of the Madras 
Government Mnscuni, New Series — Natural History 
gection, Vol. 1, No. 1, P- 130) suggests that th§ 


■ species C. padavensis, de Man, which has hecu record- 
ed by Dr. Henderstui {vide Transael iiuus' iif ihe 
JJnnam Society, (2) Zool. X', p. 423) from Rain- 
eswaraui might (juitc likely l)c C . loiigifarsis, cle Haan, 
since the two species at that lime have not been 
sufficiently distinguished from each other. 

This species has not been recorded from Kriisadai 
Island by Dr. Sundara I\aj. It has been ret'onlcd 
from the l)ack-waters of Ihmur and is present holh 
in tlie collection of ihe Madras ('hjvennneiit Museum 
and in the Fisheries Bureau at Bniuir. 

The Host of PuprUnuN luchtirdi (v, How. 
Someone ha,s siud, ‘Avhnl I .sa.y tliricc is 
riglit” ; aiding :i<u‘oi‘(ling fo I bis priuiljjh* 
Ncgi and (ilovci*' havi' r(‘[)(‘a1.cd for Mh^ 
f.liird 1Im<^ what Uh\v Uissorfcd fwii't* lud'orc.--'' 
Wliilc t,h<‘y st,r(‘ss Mi(‘ point.— it- is th(‘ tbini 
time tludr claim jipi)car.s in print—, 1 beg 
cipially to innphasisc, t.lirici^ havi* they 
neglected t.o bring fort h any illiisl rat ions ni* 
details with regard to t-he lil'e-liistory of tin* 
insect or any objiud iv<‘ inforniahion. 



Fig. 1. 

Brasem \ onniilirandis. 



I m m. 

Fig. 2. 

rase Ilia uiuihI icaiidi .r, 
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\VhiI(> (li.s.si'cliiio- |,iu, fiicnistiUion of 
LftLshtulifi (noli tut/KorciisiNj under 

ill (lisNcu'l iii,!-- micro, sc()t>(> I ,sii,vv'a liirvu- aftaolicd 
(.<_) tihc l)ody of a,n liuhlcmma mmhilh eatxu'- 
])illi!.i'. I'i.u'.s. I aiiid drawn from if 

bill rcina,iii('d a,s inconii)l<>tc .skcfdio.s for 
flic laii’va, ])ii |)a,l'(“d I lu' lollovv'iiii*' <lay, wliicli 
howi'vcr cna,bl('d being c.o'midcfed. 



I mm, p. 

Fig. 3. 

I'lip.x of a black Chalcid Ihdxnna niintilicaudi.'! 9 
Parasite, on liuhlt’in nia caterpillar. 

I h<‘ ]):i.ra.sit i<‘ la.rvii jind the ho>st cater- 
pillar \v(‘n‘ s(‘'‘n in siU(. t.lu'Vt' was no (l()ul)t 
in my mind of Mi<‘ fornKM* Ixdn.^’ an (xd-opara- 
sit (‘ of t h<‘ hUihUiiima ('.alitn’pillar. TIk^, 
only odun’ la-rva which could hav(‘ b(‘en 
mistalom Tor it would hav(‘ Ixxm that oC 
M li'robravini (irvoii, Ashin. (noli M , (acharduv, 
dain., a iumiu' ns<‘d by (Mover and .Ne^*i) 
which was (‘xchuh'd liy my having' seen its 
t ruiiisloi’inat ion into a pupa. lUit iti may have 
i'cd on { li(‘ larva of t.his bi'acon. I had myselT 
susp(Mdt‘d /!/. (h'cvni tiO sulbn* (‘rom the 
arlta{‘k of a chahdd (uumiy Uiiid act.ually 
indicat(Ml such a. ])roha.l)ilit.y in the (diart 
a,c(‘ompa.nyimr th(‘ pa])(‘r on th(‘ insects 
a,ssociait(st with hn*.’’ }row(‘V(‘r, JM(\j:>*i and 

(il()V(‘r hav(‘ ia.ktm no usance ol: tliis tact, 
ddiis is sahl i <> show I wuiS on 1h(‘ look out tor 
a('hah*i<l [)a.ra,sit.(‘ ot M. ('/rn'i/iliut found no 
evid(uuH‘ in th(^ a.bov<^ nnmtioned larva 
pa.rt.iciila,rly as they numtion FAipclmus 
“d(‘])()sits on the staji^’t^s of. M.. Orecni only 
if covenul with a <a)coon” which could not 
have (ss(‘.a.p(‘d notice, 


From fhe sfudic.s of lac parasites I eonelud 
pF that flic lac inseef.s, flieir par sites, the 
hypei'parasites, and the supi^ahyperparc sites 
ar(^. found in decreasing order. Thus when 
JiiHpclMRs is found as a liyperparasite, its 
immediate host^ the Fubleniynci caterpillars 
must have been ioiind in even larger numbers. 
Gernet, wlio first discovered' Eupehmis, 
actually found Eiihlemma caterpillars in 
huger iiunibers, exactly as the theory antici- 
pates. The negative record, by Gernet, of 
any bracon exchuh^s Eupehmts from acting 
as a superhyperparasito of lac. Gernet had 
also louud the pupa of the most common 
internal ])arasite of lac, Tacliardirrpliagus 
iachar(li(C^ How. Thus Gernet’s accurate 
ol)s(nwations are complete in themselves 
for the two parasites, and Tacliardice- 
pliaguE were found together with their 
hosts, Ihihlemma caterpillars and Lac insects. 
If w(^ grant with I^egi and Glover both the 
l)arasites were endoparasites of lac, EuUenwia 
caterpillars would be assumed as immune, 
in si)it(> of the large numbers Gernet actually 
r(H*.()rds. My study of tlie parasites of lac tells 
img to increase the hosts in large numbers is to 
invite their emnnios. Tlie parasite of Euhlemma 
caterpillars would be a missing link in the 
iiis(‘(*.ts associated with lac and would be an in- 
com|)letc explanation, of Gernet 's findings. 
To grant Glover and Negi s explanation of 
Gei‘net\s records is to admit TacJiardicephagus 
and Eupdmiis are equally important as 
endoparasites of lac. If this were so, previous 
observers would have noticed it and I have 
found no dermite, suggestion with regard to 
host/parasite interrelationship ohered by 
Itmns and Chatterjee which proved to be 
erroneous, and I am not prepared to make 
an (X(*.eption. in the absence of Negi and 
Glov(‘r liaving brought any objective informa- 
tion, in their favour. Glover^ states his 
"study of ])arasiticism and hyperparasiti- 
(‘.ism is believed to be the first of its kind for 
an Indian insect’' and it is certainly the only 
amphibious insect knoAvn, for it acts as 
an (uTo- as well as an endo- parasite ; \ve 
ar(^ really asked to believe Eupelmus has 
th(‘ following hosts : the Lac insect— a Coccid, 
Macluvrota planiike — a Oercopid, Lliero- 
bracon Greeni — a Graconid, Holcocera pul- 
■verea — Lepidopterous insect, TacJiardke- 
phagns tacMrdiw — a Chalcid, and Erencyrtus 
.Dewitzii, also a Chalcid ; the last two are 
much smaller than Eupelmus itself and 
the hosts belong to three different families 
of insects. At the time when only one 
host was indicated and its endoparasitig 
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nature sugg'csted by its nnli ap py names 
jFJupclmvs tiicli(ir(lm\ ClaiiseiV I’einarked, 
in ignorance of my positive^ (indings in 
siiiDport of hi»s views, '*In Ceylon {AnaMaim) 
E. tacJiardia’, ITo\\\ is reniorted as parasitie'. 
upon tlie lac insect, o.lbkzur, but in vi(‘W of 
our knowledge^ of the habits of the geauis tlie 
record must at present he considered ques- 
tionable.” Glover doevs not know this objec- 
tion nor has he ever cited any of my publieai- 
tions. ' Since my lindiugs fall in harmony 
with the vienvs of others, including Imms and 
Chatter jee and Clausen, tlie burden of proof 
rather than th(‘ comfort of reass(U‘tion Ii(‘S 
on the side -which claims to have done some- 
thing first of its kind in India and (‘ven 
outside it. 

Glover and Negi mention Marietta javen- 
ensis as synonymous witli Mleroteryr Hante- 
fidlli and further indicate doubts as to who 
named the insect. I had myself reared the 
former insect which I consid(U‘<Hl of such a 
minor importance that T never felt calk‘d 
upon to mention it yet. Later on some of 
my specimens were sent to America where 
they are found in the Kational Musemm 
bearing Lot No. 1783, dated Id TAbruary 
1929. Some four years ago T created a new 
generic name and the insect is to be called 
Lalcsliapliagusllavdcfui^^^^^ I am liere reminded 
of what tlie late Prof. lefroy'' wrot.e, 
'‘Indian lac experts seem to b(^ asle(q) and not 
to know anything of . . . ” the literature^ on 
lac, a faet- which is most easily demonstrat(Ml 
in the writings of Glover and N(\gi. Glover 
and Negi refuse to admit plurality of hw 
species hut if they rear parasites from 
Chamberlin’s L. rangooniensis which ivS a 
later name for my L. clunenfiisj tiny would 
obtain the specific clialcid parasite, Lahsha- 
phagu.s EautefnilU and may save tb(‘ms(0v(\s 
the unhappiness of confusing two parasite's 
for one. 

With regard to the monophagy of 
Evhlemmia amahiViR they seem to imply it has 
been known for some time. If so they 
would cite a concrete reference, rathew than 
make a vague mention. I hope to reply to 
their other disparaging remarks, after read- 
ing the statement, if any. 

S. Mahdihassan. 

Abid Manzil, 

Hyderabad (Deccan), 

April 23, 1935. 

^ Negi and Glover, Cnrr. ScL, 1935, 3, 426. 

- Glover, A Practical Manual of Pac Cultivation, 
Calcutta, 1931, 


Clover, Bull. 21, hid, hoc I\cs. hist,, Juinch 
Calcutta, 1934. 

Maluliliassan, Chirr. Sci., 1C35. 3. 3o5. 

•''' Maluliliassan, .1 . Sci. . issoc. Maharaja's C\>! 
Vizianagrani, Oct. 1925, ]). ()4. 

Glover, Bull. 21, hid. l.ac Bc.w hisl., p. 9. 

” Clausen, C. P., .hiiials lint. Sac. .diner., 1921 
20, 470. 

Mahdiliassan, .Ireh. /. Ih-oiisienkunde . PGl, 7i 

170. 

Ma.xvvcll- Lel’roy, {inoled in the I^ret’aee to .1 
Pidanccs Befuirl on hoc Bejhiiioi, Iiy Malulihassat 
Osniania Univ. Press, 1 lyderahad (Deeean), 1930. 

Povgavna glabra Leaf Gall Former. 
Massioio in liis })ap('r ‘W lU'w spta'it's of gal 
n\ite from >Soui,]i indin,”’ (hsserilx'd < h(‘ milt 
Eriophyes Oheriani, on my aidhmaty, as 1h 
(*.ans(^ of tlu' gaJIs fouml on the It'ava^.s o 
Pongamui glabra. Vt'iit. Mn.ni, in liis piihli 
(‘.ation ent'ilh'd ‘‘Ihu' rdh' of (h<^ milt 
Eriophyen fVu'r/aa/' 'Ma.ss, in Iht' IVpludonioi 
galls of Poagamia glabra Vimi..”" staled I ha 
tlie mi(.(‘ is 'diot. t lu' triu' gah maker but onl; 
a seconda-ry orgaiiiism which t (unporiiril; 
inhabits th('. gabs" aud '‘Mhal tben' is abso 
liitcly no tloubl. a,s to tb(‘ gall im.vkt'r wluci 
is ai ('etadomyid ." In his staaind ptiltlica 
tion ‘VA not(' on tlu' polypoid (( Vplndonion 
gabs of Povgantia glabra Vt'ut."/’ Man 
rcsih'd from his previous sta.lenu'iit am 
stated that "though found in tlit' gall tir 
mite is not i)rinuM*i]y n'sponsilih* for it 
formaiion. 1di(' gab is originaby fornitMl h; 
a minut;(‘ umb'scrilx'd Itonidid lly an<l «»nl; 
(U'rt.abi minor diaiiigt's in (Ik' gall a!*t‘ piaj 
diu't'd by Mi(‘ mite." In his lbii*d publica 
lion " I >isp(‘rsaJ of ga.ll niil.es by gall midge,s," 
Mani stadt'd tba,t "(In' midges ami tli(‘ mile 
develoi) in th(* saiUU' gaJI for whieli both o 
th(‘m apjX'aii’ to Ix' rt'sponsifdta" In hi 
latest pultlieadion "Studit'S on Imliaii Iloni 
didaPV’ ^biui rtb.t'radt'd I liad l)ot b tlu‘ mil 
and ilu' midgi' airt' r(^six>nsil)le U>r gall rorma 
lion and furlln'r slarl.txl (had "neiflier o 
tlH'in a.loiu' product' sneii gabs." 

In vit'w of this e.ontrovt'rsy ami nn i1 ii : 
vit'w to s('tdl(' (U'linitt'ly wh(‘tli<‘r tlie milt' 
by th('ms('lv(‘s could produce galls, eertai: 
inoeuladion ('X[x'rim(‘id s wert' (l<‘\dsed am 
conduedt'd ajl. ( 'oiniba,! ort'. Pln'st' (‘X[>eri 
mends wt'rt' so ('omluett'd thad tin* experi 
mental phuds wt're. frt't' from a.iiy [|<midi< 
at any stagt'. h'du' rt'sults of 1 Ix' ex pcu'iuieni 
have Ix'tm such as t-o ('iithrom* t he ndtt* oru' 
more to it,s fornu'r position, r/,:., tin* tru 
gall maker. Iti is nod known why in In 
experinK'.nts Mani was not al>l(‘ to gd gall 
by mites. M.iL's wt'ia' introduct'd by m 
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wluMi tJu‘ w(‘i‘e vc^ry tendor, almost 

\v]i(‘n Mi(‘S(‘ in Ihc hnd sta<>*o. Ft* the 

luitc's ar(‘ itilrodiUMnl al’tiT tlie leaves have 
<1(‘V(‘1 o|)(mU it is s(‘cni, that tiu^ o’alls formed 
air(‘ (‘it iua* v(‘ry rcnv in nnmlx'r or they will 
not. hi' formed at a, 11. 

Sinee t li(‘ Itonidid ])y itself (*amio.t produce 
<i,'a)]ls aiS adniilt(‘d by 'Maui and since tlie 
mit(‘ by itsc'lf (*an produ('.(‘ < 2 ,’alls as seim from 
luy (‘XjX'rinumt.s I l.liink Mani should revise 
his vi(‘ws aiud aitlinit, that, tlu^ mites are the 
(.ru(‘ ^'a.ll fornua's. 

M. 0. (tniCRiAN. 

Ajj^ricnllnral <h)lU\i>'e and 
Iv(‘S(‘a.rcli lns(.itait.(a 
('()ind)a.t.or(‘. 

Marcfi ! b, UK 15. 

‘ .hill, ami Matt. S'alural History, 19vh3, 11, 201. 

“ .hill, (iiid M(i(/. .Ndlitral History, 193v3, 12, 138. 

hroc, Jls! hut. Sci. Coiiii., 1934. 

■' hurr. ,SV/., 1934, 3, 208, 

•' luu'onis oj the hut inn Miiscitiii, 1934, 36, 427. 

Mr, M, S. Mani agrees with Mr. M. C. 
Clierian’s lindings and aeeeids his re.siilts as correct. 


A Central Nutrition Board for India. 

Voru. (‘(litoria.l in t.h(‘ Apidl number of 
Hfirrrnt Srir})cv is much to be welcomed. 
vS(‘V(‘ra.l tim(‘s durinif t.he last three years 
a.nd <‘S|>(‘ciailly in coniuMdion, with some 
I Inivuo'sit.y (‘xteiision hu'tnres delivered at 
(M.I(*ut.la in HlMii and lately in connection 


with the symposium on Vitamins, held 
under the auspices of the Indian Science 
Congress at Calcutta, I had occasion to 
stress tlie need for the establishment of a 
Central Nutrition Board for India. It is 
encouraging to note that some nutritional 
investigations are being carried on in India 
in different laboratories. While it is desirable 
in the interest of science that tliere should be 
some, individuality about the researches 
that are being conducted at different centres, 
the necessity for a co-ordinating central 
organisation would appear to be paramount. 
Such an organisation may be entrusted with 
the task of (1) co-ordinating the nutritional 
work of different laboratories, (2) suggesting 
investigations of practical importance in 
relation to the varying climates, soils, habits, 
traditions, availability of food-stuffs, etc., in 
different parts of the country, and, especially, 
in relation to the purchasing power of different 
classes of people, and (3) making the results 
available to the general public in simple non- 
technical language. 

This board should work in close co-opera- 
tion with the Imperial Agricultural Council 
and with the chief medical organisations of 
the country. It would be a great thing if 
yonr editorial can stimulate thought in this 
direction and lead to the establishment of a 
committee to go into the proposal in detail. 

B. C. Guha. 

P. 109, Lake Eoad, Calcutta, 

3Iay 1, 1935. 


The Distribution of a Simple Epidemic Disease.'^* 

By Ih’of. J. A. JStrang, 

Vnivemty of Luclmow. 


poi>ulation Is being divuhvl into 

A groiip>s Uj, r,/ v„mo‘cms 

t Ih‘ niintber of pc'rsons wlio have experienced 
(or 5U*(M‘X j)(n‘i(m(diig) an ^d.h attack of illness, 
it is shown tliat. t)i(‘ num])ers are deter- 
mined by tb(‘ (‘(piations 

,N Tj, 1 1 Ih h -1 f>;/ 'h . . . 


Avhere is the probability that an individual 
of th(‘ group V'ill experience another attack 
within unit time. 

Moditications are suggested for the cases 
in which 

(i) only a finite number of attacks is 
experienced by each individual, either 
because the ktli attack is always 
fatal, or because the /cth a.ttack confers 
immunity ; 

(ii) migration occurs during the epidemic ; 

(iii) births are included in the reckoning, 
affecting or and according as 


(Ii\i 

(it 






=>'• A resume of the lecture delivered under the 
, auspices of the Faculty of Sciences, Lucknow Univer- 
‘ sity, Feb. 1935. 
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the child of infected parents is not or is 
infected at birth ; 

(iy) individuals are removed by death or 
otherwise. 

If the factors are independent of the 

numbers the differential 

equations are linear"” and homogeneous, and 
solutions are therefore linearly additive. 
The bearing of this on the application of 
results is pointed out w'hen statistics refer, 
as they often do, to the sum of a number of 
outbreaks of disease and not to a single 
outbreak. 

2. The equations are integrated in various 
cases. 

(i) When the probability of infection is 
constant. Apjdication to the occurrence of 
cancer. A set of statistics is discussed in 
some detail, and is shown to be better fitted 
bv taking 

r—1 r—2 

P2-^ ~r ^ 

where r=4 or 5, and represents the average 
number of persons in a household. The 
effect of increased liability with age is esti- 
mated and rejected as insufficient to ex^jlain 
the outstanding discrepancy. Probable 
reasons for the discrepancy. 

(ii) Integration when is a function of the 
time and independent of n ; when a constant 
mortality rate is introduced ; when the 
general mortality rate and that due to the 
epidemic are separately allowed for. 

Conditions for the existence of a static 
condition are obtained and interpreted when 
p is constant. 


(iii) Integration when p^^ is not indepen- 
dent of the numbers but is proportional to 
the number of infective cases, and is therefore 
given by 

p + • • • • + • • • ■ 

where T is the time during which infection 
persists after the occurrence of a given case, 
i.c., the infective period. 

Integration by stages when T is constant. 
The nature of the solution. 

The equation 

(N-i;) [y-v (^-T)] 

and its exact solution by means of the 
substitution hi ~v = " 

First approximate solution. Application 
to the Great Plague of London. 

Second approximate formula valid near the 
beginning of the epidemic when T is constant. 

An approximate solution is obtainable 
even when T is not constant, by substituting 
for V T) a mean value A The solution 
V—h U ~~lc (N-/.:) /)/. 

Simplification wlien hT is large compared 
with ?/, V, k to V ~-k = {ti—k) e 

Application to plague statistics. The 
evaluation of k furnishes an approximate 
value of T, and it is shown graphically that 
the variation of T closely follows changes in 
the relative humidity of the atmosphere. 
Effect of temperature and humidity on the 
rat flea, and its connection with the above. 


Exploration of the Sea. 


rpHE report of the delegates of the 
-L ITnited Kingdom of the -27th meeting 
of the International Council for the explora- 
tion of the Sea, held in Copenhagen from 
June 4-11, 1931-, contains very useful re- 
commendations for preventing the capture 
of young fish below the size at which they 
can be sold at remunerative price for the 
food of man, thereby assuring a continuity 
of stock. The regulation of the size of the 
mesh in the trawd nets and the imposition 


of a size limit for food fishes which may he 
landed for sale, formed important subjects 
of discussion and the Council stated that 
with a view to ultimate solution of all 
questions connected wdtli the exploration of 
the seas it is essential that each Government 
should arrange for further observations to 
be carried out by competent observers not 
only in research vessels but also in commer- 
cial vessels and fish, markets. 
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Research Notes. 


The Dutch Cosmic Ray Expedition. 

I u.oK T, ('LAY and Ids collaborators have 
publisluMl a scri(\s of ])apcrs dealing with 
t ln^ results of tlu^ l)nt(*.li Cosmic Rav Expedi- 
tion, in Phynw-i, Tlu‘ results reported are 
v(‘ry valnable a,nd inten^esting. Tliey find 
tli(u‘(‘ is not only the magnotic latitude 
(‘UVet, but also a niagiudic longitude effect 
a.scidlxMl to t-h(‘ eccentricity of the earth's 
niagrudism. Th(‘y liav(‘ investigated the 
variation ol t in' int.(‘nsit.y of the cosmic ravs 
with r<\sp(‘(*t to t:he altitud(‘, the atmosplieric 
{)r(\ssvn‘e a,nd the pr(\s(mc(‘ of clouds. The 
va.riabions in th(‘ penetrative power of the 
rays with Ihx^ niagmhdc* latitude lias also 
Ixsui inv<^s^.igated and the r(‘sults obtained 
liav<^ b(Mm publisluMl in th(^ recent number of 
/ 7/ If Ki ca (April 11 ):\ 5 ) . 


Heavy Water Plant. 

Ukown and l)A(u;i<yi'T (J. Chnn. Phys,, 1935, 
3, 'JK)) haiV(^ descrilied an imiuoved type 
of laboratory (‘(pupnieut for the production 
of <l(uitx‘rium oxid(‘ which operates at a 
higluu' (‘Hici(‘iicy than has been jmwdously 
n‘jH)rl.(Ml. Tli(‘ (‘hydrolysis of a 3% solution 
of pur(‘ sodium hydroxid(‘ is comiucted in 
st(‘(‘l <*ells of s(‘a.nd(‘ss t-ubing wduch serve as 
eat bode, i ho aiiiodc* consisting of nickel 
pla.l (*s. Th<‘ (‘(‘lls a,r(‘ op(M’ati('d at 100 amperes 
in four st.ag(‘s, tJie eon(‘(‘ntratioii of the 
d(‘ul<‘rinm oxid<‘ Ixnng 2-5, 12d), hO-O and 
r(‘sf)(‘ctiv(‘ly at (‘a(*h st^age. The gases 
g(uu‘ra:t(‘d by (‘hydrolysis ar(‘ as nsnal made 
to r(‘c<)mbin(‘, aiinl th(‘ (‘iitiire d(‘sign is explo- 
sion proof. Th(‘ r(‘sidn(‘ obtained in the 
fourth. stnig(‘ is distdhyl aiiid snhjectod to an 
add it'ionaJ stag(‘ of (‘h‘etr()lysis. The gases so 
()})t a-iinyl a.r(‘ inixayl witb pure oxygen and 
Inirnt. in a, silica jet, inserb'd in a pyrex 
(‘on(l(‘ns(‘r r(‘sulting in th.(‘. production of 
luyivy water of the high(‘st luirity. 

M. r. y. 


Electrolysis of Extremely Dilute Solutions. 

Tiih: 1 it, (‘ra, tore r(‘gar(ling applicability of the 
.N(‘i*iist,\s law of va,ria,tion of potential with 
c()Ti<y‘nt,rat i().n, :E--E,, + RT log, C, at very 

dilut.(‘ solutions has been contradictory 
(c.r/., Hchmid, Vog(vle and Winkelmann, 
J/kv, Ghmi. Acta, 1932, 15, 393). M. 
Jl'aissinsky has now shown (J. CUm. 
Pkysi(xiic,' 1935, 32, 116) that if careful 


precautions are taken about equilibrium 
conditions, etc., Nernst’s law is found to be 
applicable right down to such low concentra- 
tions as 10"’' to 10"^- n. He has in particular 
measured by the method of Hevesy and 
Paneth^ the critical potential of cathodic 
deposition of bismuth at these great dilutions, 
using EaE and ThC as radioactive indi- 
cators,^ and finds a progressive change of 
potential with concentration in accordance 
with Nernsbs law. 

M. A. G. 


High Pressure Phenomena. 

Bridgman [Revieios oJ Modern Physics, 1935, 
pp. 1-33) has presented a short account of the 
theoretically interesting aspects of high 
pressure phenomena. A simple computa- 
tion shows that the changes vithin the atom 
that take place under pressures attainable 
at present should he small although appreci- 
able. The nature and magnitude of the 
interatomic changes are closely connected 
with the la-sv of interatomic forces. The 
original theory of Born based on the Bohr 
atom, tlie empirical ninth power law and 
the exponential law emerging from wave- 
mechanical considerations are all found to be 
more or less sliort range approximations, and 
fail to rej)roduce the volume changes at high 
pressures. The study of the variation of 
the thermal coefficient of expansion with 
pressure leads one to the surprising result 
that a system may acquire negative values for 
entropy at high enough pressures ; this is 
caused by the fact that we are measuring 
entropj" with respect to a system in wffiich 
atom is an inviolable unit. An exandnation 
of compressibility of liquids at different 
pressures reveals a large amount of ''slack” 
between molecules at low pressures : increas- 
ing pressure removes the slack rapidly and 
the compressibility is high. At higher pres- 
sures, when the slack has been removed 
there remains only the compressibility of 
the molecules and the ‘'Schottky shrinkage” 
whence the compressibility is low. The 
nature of the variation of the thermal 
coefficient of expansion with temperature 
show's that the effect of pressure is to make 
the atom rather than the molecule the indi- 
vidual unit of structure. 

There have been a number of speculations re- 
garding the form of the melting point curve at 
high pressures. They are : (1) the occurrence 
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of a critical freezing point, (2) a rise of the 
curve to a maximum followed by a fall. (3) a 
rise to an asymptotic temperature at inlinite 
pressurCj and (4) an indelinite rise with 
pressure and temperature. The present ex- 
perimental data tend to support the last 
prediction. 

As regards the polymorphic transition 
amongst solids there is no regular form for 
the curve. The only generalisation possible 
seems to be that it never ends in a critical 
point, which shows the non-existence of a 
continuous transition from one type of 
crystal lattice to another — ‘ha gratifying check 
on the validity of our picture of the constitu- 
tion of a crystah’ ! The solid-solid equili- 
brium is not a mobile one so that one finds 
a range of pressures and temperatures over 
wduch either of the forms may exist. In 
the interpretation of these equilibria it is 
often necessary to assume that the attractive 
centres are effectively located on projections 
and not at the geometrical centres of mole- 
cules. 

Several other properties such as viscosity, 
conductivity, etc., have been investigated 
at high pressures, hut their theoretical inter- 
pretation is beset w'itli difficulties. 

Certain fascinating speculations are possi- 
ble regarding the effects of extremely high 
pressures as exist in the stars. Matter in 
such highly compressed state has been shown 
from astronomical evidence to have a density 
of the order of 100,000. A theoretical 
consideration shows that such matter can- 
not exist in a crystal lattice but it should 
more nearly correspond to a jcdly at ordinary 
temperatures. The matter as we usually 
find is confined to a narrow diagonal band 
rising from near the origin in the extended 
pressure-temperature jdane ; on the high 
temperature side of the band it dissociates to 
a gas of electrons and nuclei and on the high 
pressure side it collapses to a “pressure- 
squash”, possibly having neutrons, electrons 
and protons as the units of structure. 

K. .S. G. D. 


Chemical Properties of Elements 93 and 94. 
Eegaeding the existence of elements of 
atomic numbers greater than 92, there has 
been much controversy. For the correct 
interpretation of Fermi's results on the 
uranium bombardment a discussion of the 
properties of elements 93 and 94 is necessary. 
Grosse {J. Am. Chem. Soc., 1935, 57, 440) 
has deduced the chemical properties of 
elements 93 and 94 according to the periodic 


law and Bohr’s theory. There are two 
possibilities. Either elements 93 and 94 
are the highest homologues of manganese 
and iron respectively and may correctly 
be termed ekarhenium (En) and ekaosmiiim 
(Fo), or they belong to second group of 
rare earth elements according to N. Bohr. 
The former seems to be more probable. 

Ekarhenium will have valencies up to 7, 
form the. highest stable oxide En.,0. which will 
melt below 375°C., be reduced' by hydrogen 
at elevated temperatures, form an acid with 
water and may also be basic wdth strong acids 
analogous to uranyl salts. Ekarhenium iiepta- 
fluoride will be very volatile and will hydro- 
lyse with water. Ekaosmium will also have 
different valencies up to the maximum of 8. 
The highest oxide EoO^ will boil belo^v 200°0., 
be a w^eaker oxidising agent than OsO^. The 
highest halides will be volatile and readily 
hydrolysable. 

According to FT. Bohr, somewhere beyond 
uranium a “second group of i-are elements,” 
i.e., elements Avith similar properties, is to be 
expected. The additional electron betw^eeu 
snccessm^ elements will be bound in a 
lower quantum level and not be available 
as valence electron. Assuming that the 
filling of the loA\'er quantum level begins in 
uranium, uranium would correspond to 
cerium in the first group of rare earths and 
elements 93 and 94, also 95 and 96, etc., w^ould 
all liave properties very similar to element 91. 

A decision as to the nature of these elements 
can also be made by calculating the energy 
levels of the trans-uranium elements. 

K. S. R, 


Effects of Lactose on Growth and Longevity. 

The nutritive value of laetose has receiAXYl 
very little attention in tlie hands of pediatri- 
cians, in spite of the fact that tliis sugar 
forms a maijor constituent of the solids of 
milks ; the solids of human milk contain 
as much as 50 per cent, lactose. Whittier, 
Cary and Ellis {J. of Nutrition, 1935, 9, .521) 
have reported the results of their experiments 
on the influence of lactose feeding on the 
body weight and longevity ; significant differ- 
ences between lactose-led and other sugar- 
fed laboratory animals have been found. 
Thus lactose caused more rapid groAvth of 
young rats than sucrose and the animals, in 
general, lived longer. Sucrose, feeding was 
conducive to fat accumulation both in rats 
and pigs. The rate of growth on lactose 
rations is evidently not accountable on the 
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basis or stiniiilaition of iMadophilic oro-anigms 
in 1 b<‘ 1()W(M* in1.(‘stino. sincc^ doxf.rin lias not 
ihc sivnu‘ iniliuaica on .u'rowth as has laotos(^ 

Ib N. S. 


Brains of Deep Sea Fish. 

VVILIJAM M. SIIANKLIN {PhU. Trans, Poy. 
S(K\, Loiid., UKlf), B. 516) has mad(^ an 
iiupoft.ant (*onl ribul ion to onr knowled«-o of 
Mi(^ st.ni(*turo of ilie brain of thr(‘o deep sea 
(■iapkns dnvH'rili, Haarida snspldo 
a-nd HaUiy pfvrois ariicolarphoui.r. Thes(‘ 
ra,r(‘ s[>(‘einunis \V(‘r<^ (*olle(*.t(‘d by th<‘ Hin«-ham 
( )('<‘a.rio!L»Taphie Expedition off the Oat 
Islands (Ibilnunaus) in 1027. The author 
<>-iv(ss <‘x]ianst.iv(‘ a,('(*oiints of tlie various 
nn(d(d iind libia^ ])atlis in the diencephalon and 
in(‘S(‘n<*('phailon re,^'ions of the brain. In 
inijiortant slTiietural d(d-ails, the three hsh 
diibn* <‘.ousid(‘ra.bly from oiu^ another. The 
brain in t]i(‘ (‘xanpiles inv(‘sti.£i‘ated has 
und(‘ri>*<)n(‘ (*()nsideral)l(‘ mod ideations over 
tlu‘ normal i.(deosic‘an brain. The author 
sla1(‘s ''iroNvev(‘r, it will be impossible to 
(A aluud(‘ th(‘ full sir'll iliea.nee of these modife 
cal ions unt il mor(‘ is hiuvwu concerning* their 
naluruil hisiory and until more extensive 
stinruvs a.r(‘ imid(‘ on th(‘ de(‘p s(‘a fish.” 

A tn^vv dndinji,’ n^port.c'd in this paper is that 
the fon'brain bundl<‘, wliidi normally termi- 
nai(‘s in th(‘ iM^.i^’inn of inlYudor lobes, passes 
aa'oun<l th(‘ out(‘r of pars rotunda and 
turnini*’ dorsally a-nd passini>’ adjacent to the 
a.sc(‘iulin^ 4 ’ i^’ustatory t-ra-(*t n'aches the sensory 
root of th<‘. t-ri^’cminal luu'vi^ The author 
ox plan ns this UiS a imadninism whereby 
I 1h‘ olfiKd'Ory imj)iils(\s of th(‘ scu'ond and third 
ord(‘r ii.n‘ nduyinl dinH'd from the forebrain 
t.o t 1 h‘ (‘I’aiiiial n(n*v(‘ (‘.(mtres. That the 
torus l()ni>’it,udinailis is clos(‘ly associat(‘d with 
tb(‘ opti<‘. t.(‘(‘.t.um is (d(‘arly evidenced by its 
conipl<dr<‘ abs(m(*u in the brain of nearly 
blind lish. lUilJiy plrrois. The i^ustatory 
me<dia.nisms a.re hij>hly de^’enerate in the 
brains of tin* d(‘(‘j) s(*a lish. 

New Secondary Sex Character in Pia^llentia, 

In (list in.^’iiishino* s(‘X am,oni>’ HaUentia, size 
of in<livi(iua.Is and t(u‘ pr(NS(mce or otherwise 
of a vocal sac* hav(‘, Ixhmi lar«’(dy used. Lately, 
a.ft<‘r a.n (‘xhausLive (comparative study of the 
luirynx, the pr(‘S(mc.(‘ of an acsophageal process 
wa.s lUmost- mad(‘ a sex determiner in the 
IVina-lc^ Itanid individuals. Mr. Liu {J. 
Morph., IDdo, 57, 131) having studied 91 
g(‘n<n’a and 553 speudes^ has come to the 


conclusion that a series of connective tissue 
bands which extends the entire length of 
both layers of obliquous muscle, is character- 
istic of only the male and he labels it "'The 
Linea Masculina''. This is found only in 
adult males and it is suggested that it may be 
associated in some way with voice produc- 
tion. 


Development of the Sense Organs of the 
Larva of Botryllus. 

(\ (iRAVE AND Q. IliLEV (J. Morph., 1935, 
57, 185) having studied the development of 
sense organs of Botryllus larva have come 
to the conclusion that these organs find no 
homologiie in the same of Molgnia and 
Amaroucium. In Botryllus^ the statolith 
ax)pears as a single club-shaped cell. The 
light sensitive organs appear as 5 small 
hlaments, each from a ganglion. These fila- 
ments penetrate into a cavity formed in the 
statolith, which becomes later pigmented. 


Hyobranchial Apparatus in Plethodontidse. 

Ih-iE ])lethodontid salamanders are highly 
specialised individuals and are divided into 
10 genera. J. Piatt {J. Morph., 1935, 57, 
215)^ having studied the skeleton and muscles 
of the hyobranchial apparatus interprets 
the phyl( 3 geny of the family in a slightly 
different way from what is accepted to-day. 
Three separate lines are derived from a 
primitive plethodontid stock ; one resulted 
in the Desmognathus group, the second gave 
rise to the Stereoehilus and Gyinnophilus 
groups wdiile the third ended in Plethodon 
and Oedipus groups. 


The Origin of Potash-Rich Rocks. 

With his usual brilliance R. D. Terzaghi has 
offered a solntion [American Journal of 
Science, ISTo. 172, Yob 29) for the most vexed 
question in petrogenesis, namely, the origin 
of potash-rich rocis. He has fully discussed 
the well-known hypothesis of Bowen where 
ho postulates the reaction between Ortho - 
clase and Anorthite, and the equally well- 
known suggestion of Vogt for the origin of 
such rocks. Field examples have been cited 
to show the production of granites and 
potash-rich rocks by the intense felspathi- 
sation of sedimentary and metamorphic 
rocks. Experimental observations of Det- 
trich and E. W. Clarke have already indi- 
( 3 ated the increase of potash soda ratio during 
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the weathering and alteration of rocks and 
soils. Washington’s analyses further show 
that the devitrification of volcanic glasses 
tend to increase the potash ratio of the rocks. 
Therefore Terzaghi’s suggestion that the 
process of felspathisation is more prevalent 
than we suppose is a fruitful line of research 
for petrologists working on the interesting 
problem of the potash-rich rocks. 


Mineral Resources of Rajputana. 

After a quarter of a century’s detailed work 
in Rajpirtana Dr. A. M. Heron of the Geolo- 
gical Survey of India has just now published 
{Tramaciions of ■ the Mining and Geological 
Institute of India, Vol. 29, Pt. 4) a compre- 
hensive account of the rnineral deposits of 
that vast area. In the words of the author 
‘‘Rajputana is not rich in mineral wealth 
either actual or potential/’ but yet he has 
located about fifty minerals including some 
building stones giving the necessary details 
for the prospector. It is only coal, sand- 
stone, marble, slate and gypsum that are 


being continuously worked, giving employ- 
ment for a large number of people. Some 
of the old workings have been stopped due 
to want of proper transport facilities. Of 
the other deposits none has any economic 
importance either present or potential. 

The wealth of information contained in 
the book is so useful, as to make it an indis- 
pensable guide to any capitalist undertaking 
prospecting or mining operation in Eaj- 
putana. The author has given copious 
references of much value and the book gives 
a complete idea of the economic geology 
of this area. Since the book has been 
“ designed to those who desire to go to Raj- 
putana to make their fortune or otherwise,” 
a mineral map would have been of much 
value especially to those living outside 
Rajx)utana. 

Dr. Heron richly deserves to be compli- 
mented for the very valuable and authori- 
tative work which he has brought out for 
the benefit of both geologists and mining 
engineers in and around Eajputana. 


The Journal of the American 

T he December (1934) number of this 
popular magazine is full of interesting 
articles. The contribution by R. T. Hatt 
on the habits of Pangolins of Asia and Africa 
is a fascinating account of these queer 
animals which are little known but much 
misunderstood. These bizarre mammals 
have exchanged their coat of hair for one 
of large overlapping scales, and possibly 
in consequence of their feeding on termites, 
they have lost their teeth, and if it is compen- 
sation at all, they possess powerfully deve- 
loped claws for dismantling the termites’ 
nests. Like the millipedes, these animals 
roll themselves up into balls when disturbed 
and also emit a hissing noise. Their long 
tongue which is prehensile and is coated 
with viscid mucus, is an adaptive modifica- 
tion for gathering up large number of ants. 
Equally interesting is the article on Wild 
Bees by T. D. A. Cockerell who has recorded 
the strange nesting and feeding habits of 
a number of species of solitary and social 


Museum of Natural History. 

bees. Among these, mention may be made 
of such interesting forms as the peculiar 
Nomia, the large MegatricMa, the tiny 
Perdita, the leaf cutting Megachile and the 
long-tongued Melitonia. The account of 
Earthquakes and of the instruments that 
record these movements, by Chester A. 
Reeds, has a topical interest and the article 
on the “Haunts of the Wailing Bird” by 
Alfred M. Bailey gives a description of not 
only this but also of other birds occurring in 
the typical Florida’s meandering water-ways. 

The January and February (1935) issues 
of this Journal are as usual full of readable 
articles. In the January issue, Edwin A. 
Colbert gives a beautiful account of those 
grassy plains of what is now' Nebraska, 
inhabited by animals long since extinct. 
These are brought to life before the mind’s 
f>y ^ vivid description of the recon- 
structed fossils of weird Miocene animals. 

Is it feasible to organise and xoublish a 
Journal of this type in India ? 
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Jute and Allied Fibres. 

By Biswas, m.a., 
Eoyal Botanic Garden^ Calcutta. 


A T'rMMPTS have Ihhmi made from a very early 
^ period to test- dirh'rcait- tyi)(‘s of fibres allied 
<o jiiit* Iili)r<‘s and t-o rt'plaet^ jute fibres by fibres 
of s(nn(^ ot-lKM* si)(‘ci(‘s. The lilircis allied to jute ' 
a,r(‘ wtdl known t-o euUivators for some time and 
adult -oration of jute (Hires of commerce is not 
umanninon. CoinnuM’c.ial jxMiple dealine; in jute 
cai*ry on t,ra,nsa,ctions (utlan* to tludr advantage 
or disa.d vantage' in proportion to their knoAvledge 
and c'xp(*ri<‘nc<‘ of dist-inguisliing the gt'nuine 
(ibi't's of jutt' from tlie rt'st wliik' handling the 
stuff in ttie marki't-. Sonu' of tlu' filav's are so 
much nHi(‘d to jut-(' (ihr('s that it is by no means 
an ('.-isy t-a,sk of <list-ingiiisbing between two or 
st'Vi'ra.l iibres if mix(‘d up together. Of such 
(ibr<'-yi(dding jihud-s may be nientioued Hihiscus 
nat tutbhuus' Linn, (Mc'stapat), an annual or peren- 
nial pi’ickly herba,C(‘ous shrub. This species is 
iv'porit'd to grow wild, east of the Northern 
(Jliat-s ))ut gc'iK'ra.lly cultivated for its fibres in 
Lhotn. Nagpur, districts of ]'-1eerut. Northern 
Oiulh and (‘xt(*nsi vc'ly cultivated in ('ent-ral and 
Sout-hc'rn India,, it is also i-eported that the 
platd- is not- uncommon in tlie lower Himalayas 
asccuuling up t-o d,()()d fe(d-in. elevation. In Dacca, 
Last- Ih'ngal, t-lu' phmt foians t-lie chief ma,terial 
in (lie. mamifa,ctur(‘ of jiapc'c. 'TIk' speci(‘s is a 
W(*ll known nu'dicinal pla-nt. fibres of this 

Hia‘ci(‘s ar(‘ V(‘ry much allied to jute fibres, and 
ar»‘ profus(‘ly (‘inploya'd in Ih'Ugal foi* tlic purposes 
of or a-s a- subst-itut-t' for jute in the ma-nufacture 
of lishing lU'ts a,nd other art-icU's of commerce. 

.Iut-<‘ belongs to t-h(‘ gi'ims Corchorus of the 
family dMliact'a'. ''PIk'Ih' arc' a-bout foi'ty species 
und<*r t-liis gc'uus whicdi a.rc' dist-ributed throughout 
th(‘ t ro[)i(‘a,l pai*t-s of t-hc' woi'ld. Out of this total 
numheu* oidy (‘ight- spc'cic's ai’C' wild in India. Of 
Hu'sc' c'ight- spc'cic's again only t-wo spccic^s Corc/tonis 
roj)si{I(fri.s L. and C. olilorius L. are the chief 
source' of t-h(‘ supply of (ibrc'-jute or gunny. Tlie 
jute* plant- is an a,nnual, c'rc'ct, tall, litt-le-branched 
iu'rba.cc'ous shrub, ddic' libi'C' is hc'atcm out of 
stc'ins aftc'r cui-Hng and I’c'tting in wa-tcu*. The 
above' (wo spe'cic's of jiit-e' (pad-) jiroper are 
grown chic'lly in Northe'rn, (^mtral and hla-stern 
Henga.l and *a.i‘<' noi- a.va,ila.bl(^ in any othci* pro- 
vince's of India. d1u‘ phice' of jute' fibres is gene- 
rally take'n in othc'r provine-, e's hy^ Citmiahls sativa 
(Inelia-n llemip libre*), ('rolaluria juncca (Simn- 
Ih'm})), f/ihisrus nnivubUius (DeHieain or Ambori 
U<'inp) a,nd soine't-inu's Mulachra rapifaia (Kan. 
or Ha.n-hhe'ndi ) a,nd Sid<( sp. (Ih'rala). There are 
two othe'i- Hibiscus spe'c-.ie's whose fibres are also 
e-losc'ly allie'd to jute (I) //. Ahclwoschys Linn. 
(The' '.Musk Mn,llow) a, bushy herb which grows 
(luring the': rains a,nd (lowers in. cold, season, 
oc(‘ui‘s throughont t-he' wa-rmeu- parts of India. 
(2) //. Sah((dar}ff</ Linn. (Tlie liozelle) an 

annual, glahrenis, una-rnu'd lien/b with purplish 
st-i'oi which is gevne'rally cultiv'a,ted throughout 
the' liott-e'r pa.rts of India-. Adulteration of jute 
lihre'S with those', of Hibiscais sp. or idcntirication 
eif ouo of thexse Iibres as jute fibres appears to be 
of ela-ily oe*cin*rcmcc in. commerce. 

I have recently ha,d an opportunity of examin- 
ing such fibre's iiartleula-rly of jute and Hibiscus 
through the courtesy of Mr, M, C, Ghose, the 


Chemical Examiner, Customs department, Cal- 
ciutta. I offer my best thanks to Mr. Gliose for 
favour of his placing the authentic materials at 
my disposal. I imderstand investigation on a 
sound footing is likely to be in progress in IMr. 

G hose’s laboratory. Due to export of various 
fibres and different kinds of foreign cotton and 
woollen goods at present pouring in Calcutta 
niarkets, the distinction of different qualities of 
fibres is nowadays gaining consideratile state 
importance. 

Idio writer realises that sucli an investigation 
can be best carried out by chemists, physical 
chemi.sts and plant physiologists, lie, therefore, 
by contributing this article, invites their sugges- 
tions for a practical, simple and speedy method 
of distinguishing various kinds of fibres from 
genuine jute fibres, and also of ascertaining com- 
parative value of various qualities of genuine 
cotton and woollen goods from spurious materials. 
Such a discovery wall undoubtedly be of consi- 
derable importance to commercial and industrial 
people of this country. Their work is likely to 
have a far-reaching value. But in the meantime 
it might he worth while to report here the results 
of my examination of jute and IMesta fibres, as 
also conclusions aiTived at from experiments 
carried out on these two fibres by some of the 
previous workei-s. 

Macroscopic examination shows that jute fibres 
arc more silky to the touch, very pale brovm, 
finer and more plialfie or elastic than those of 
Mesta fibres which are slightly deeper brown, 
coarser and harsh. Both are combustible but 
jute appears to be quicker in catching fire and 
less resistant to combustion. Mesta fibres seem 
to support combustion to a certain extent. 

Microscopic examination reveals that both 
fibres are bast fibres and are composed of pro- 
senchymatous cells cohering together in bundles 
by dovetail arrangement. The thickness of the 
cell- wall varies at both t-lie tapering acute or 
acuminate ends in ultimate fibre. By ultimate 
fibre is meant a single prosenchymiatous cell of 
the bast fibres wliich iniglit be separated out by 
maceration. The ultimate fibres of Mesta 
{Hibiscus cannabinus) vary from 1.5 to 4 mm. 
in length a,nd 12 /x in width at the middle. 
They "are nearly of the same length and 
width as those of jute, which vary irom 1 
to 3 mm. in length and nearly 12 [jl in width. 

thickness of the wall of both the fibres is 
4 u and the lumen is 4 p, broad. But roughness 
in Mesta fibres is evidently due to the nature of 
tlie encrusting substance lignin. Pliable more 
elastic composition of tbe cell-wall of jute fibres 
is due to this difference in lignification which 
occurs uninterruptedly over the whole area of the 
cell-Avall. The nature of impregnation of the 
cell-wall in jute is neither true cellulose nor true 
lignin. It is a compound cellulose peculiar to 
jute and cereal grass type and in the case of jute 
it is knowm as lignocellulose. These lignocellu- 
loses induce formation of Prussiem blue in the 
greenish red solution produced by mixing ferric 
chloride with potassium ferricyanide. It is on 
this point, I mean, the nature of lignification, that 
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Tllhiscus cannahUiKs (]\Iosta f1l)r(?) are of loss 
textile value. Unflei* hydrolysis (i.e., boiling in 
one per cent, caustic soda, Na:jO} for five minutes. 
Most a fibres lost 11.0 and after continued boiling 
for one hour, 19.5 per cent, of its weight and that 
under the same treatment jute fibres lost consi- 
dercibly less, 13.3 and 18.0. But what 

appears to be an important point of difference is, 
in spite of the slight difference in weight and 
tension experiment (I mean here the breaking 
strain) what I may call the steam experiment. 
Samples of the fibre exposed for two hours to 
steam at 2 atmosplieres followed by boiling in 
water for 3 hours and again steamed for 4 hours 
lost only 3.03 per cent, by weight and jute 21 .39. 

It is due to tlie nature of ligniO cation that my 
experiment shows that Mesta fibres are more 
tougli, readily absorb lignin stain than those of 
jute fibres. Phloroglucin with HCl might 
exhibit difference of brightness in red colouration 


due to the depth and difference of lignification 
of the two fibres. Variation in moisture contents 
jute (10.3 per cent.) and pTl (?.6., acidity and 
alkalinity) of ash contents of the two fibres are 
also good differential tests. 

The fibres as found in commerce are mainly 
bast fibres of bundles separated from the parenchy- 
matous cortical layer. They are firmly coherent 
together and each bundle is coraposed^ of half a 
dozen to two dozens ultimate fibres which ai’e of, 
as stated above, normal fusiform type. In 
transverse section they are thick-walled (due to 
encrustation of lignin) and polygonal. These allied 
jute fibres when treated with iodine are brown, 
deep yellow with aniline sulphate and jute in- 
stead of becoming bright red is purple witii 
phloroglucin and liydrochloric acid. Concen- 
trated solutions of alkalies have also a remarkable 
action on fibres of this group. 


Colloidal Electrolytes. 


^IlE study of Colloidal Electrolytes has been i 
engaging the attention of eminent physical I 
chemists, and has attracted considerable interest 
from the theoretical and technical standpoints 
during the last twenty years. The term “ Colloidal 
Electrolyte” was first used by Duclaux in 1909 
for the class of substances having properties i 
common to typical colloids and electrolytes ; and 1 
later on tlie term was applied to various systems 
such as soaps, dyestuffs, proteins, starches, etc. 
It is therefore with deep interest that workers in 
Colloid chemistry and allied branches of science 
will study the monograph published by the 
Faraday Society (.January 1935) embodying the 
paj)ers presented for the sixty-first general discus- 
sion held by the Society. The discussion was 
held at the University College, London, from 
27th to 29t]i September 1934 under the jmesident- 
ship of Prof. F. G. Donnan, f.e.s. ; and prominent 
Colloid Chemists from overseas attended the 
meeting. The subject was discussed broadly 
under two heads ; Part I General f including 
theory and experimental techni(pie) and Part II 
(special and technical) dealing with soaps, dye- 
stuffs, proteins, starches and other materials. 

Dr. Freundlicli in the introductory paper (p. 4)* 
has pointed out the most significant proi^erty 
which distinguishes a colloidal electrol^e from 
an ordinary colloid. The former are characterised 
by the spontaneous formation of colloidal ions 
as contrasted vfitli ordinary colloids where ions 
of an active electrolyte are present as necessary 
impurities. The ion micelles formed, as a result of 
aggregation are responsible for tlie peculiar 
properties of colloidal electrolytes. (Osmotic 
Pressure, Conductivity, etc.) ' The colloidal 
electrolytes in general fall under three broad 
categories: (1) The ion micelles sensible to dilution 
with the formation of simple ions wdiich can be 
dialysed (vSoaps). (2) Ion micelles sensible to 
dilution with the formation of simple non-dialys- 
able ions (Dyestuffs). (3) Colloidal electrolytios 
not affected by dilution (Proteins). The electrical 
properties of the ion micelles no doubt undergo 


* References are to the pages in the Monograph 
{Trans, Far. Soc., 19365 21^ 1-121). 


profound changes in presence of strongly adsorb - 
able substances. 

The electrochemistry of colloids and particularly 
colloidal electrolytes has been extensively worked 
out by Pauli and his co-workers {Flectroclieynk 
der Kolloide, Wein, 1929). The essential idea 
underlying Pauli’s work is that any colloid behaves 
like an ordinary electrolyte in the sense that 
its surface is dissociated giv.ing rise to the consti- 
tuent ions of the solid phase. The so-called 
ionogenic complex gets fixed to the solid phase 
giving rise to tlie charge on the particle. TIkj 
“gegenions” are the ions situated on the liquid 
side of the interface. The electrocliemical proper- 
ties of sols of Gold and Platinum (p. 12) have 
been exphained on the basis of the adsorption of 
complex acids formed during the preparation of 
the .sols. 

The problem of deciding the exact structure of 
the electrical double layer surrounding tlie colloitlal 
particle has been one of gj*eat difficulty. .Kniyl. 
(p. 31) maintains tliat while the inner layer is 
formed from the material of the particle itself, tiu* 
outer layer contributing to the ^ potential 
may consist of ions from other sources as well. 

The question whether lyophobic sols can bt* 
considered to be colloidal electrolytes has been 
discussed at great length by Raliinovitch and 
his co-workers (p. 50). Their views differ funda- 
mentally from those of Pauli and his school. 
While Pauli and Valko (p. 20) have assumed 
tliat potentiometric methods a.s applied to colloidal 
systems give an idea of the concentration of tin* 
“gegenions”, Rabinovitch maintains (p. 57) tliai. 
Iiotentiometric methods can only measure th(' 
activity of the ions in the inter micellary liquid, 
which is quite different from the activity of tin* 
“gegenions”. 

It appears to us that a satisfactory theory of 
the nature of the interfacial layer should take int(} 
consideration the activity of the “Charging” ions, 
the “gegenions”, and the ions in the intermiccd- 
lary liquid. The adsorbed ions contributing 
to the charge on the particle may be the consti- 
tuent ions of the solid phase. The binding of such 
.ions to the surface of tlie particle is usually strong. 
The “gegenions” held electrostatically by the 



Man- 1935] CURRENT SCiENCB 


‘‘charLnno ” joris coiitributc* to th(‘ cluvrj^o on tlie 
solution Utulor th(‘ jicXion of tho oloctric field, 

t.lu‘ “ ions move with tlie colloidal 

])ar(icl<‘s. ^riu‘ ions in the iutermicolla.ry liciuid 
do not (•<)nti*ihiit.(‘ to tlie on the paidicles. 

i,h(‘ int(‘Cj)r(‘taiion of the potentionietHc 
r(‘sul<s obi.airuHl with colloidal systenis (cy/., the 
hydro, Lir<*n ion ;icti\'ity) ilu' I’evicwers aii of 
opinion that' what' thi^y indica'te is the hvdroj^'cn 
ion act i\'ity of tlu' vnfirc syst'(‘in. ft is the 
hydi’o.i;(*n ion aidivit y of t lK' niicelle or its “Q-ofron- 
ions" on tli(' ions in the intiManic-ellary liquid; 
lad' d is th(‘ /h>n’ and s'/a/cc av(a‘a.^'(N of the activity 
ol th<‘ <.‘n(.ir(^ syst<Mn. d^hc* ^‘(‘e,'eni()ns’’ may 
vary in tludr a.ctivity from z(n*o (non-ionised 
el(‘ct rolyt,(‘) to unity (fully ionisial (dectrolyte). 
dda^ activity of th(‘ ions in th(‘ intermiceilary 
Vaiuid may 1)(‘ atTi'ct'ial ]>y the c.olloidat ])a,rticlcs 
atul t he j 4 (‘^enions”, and th(‘ catcadation of their 
iidhu‘n(‘<‘ is h(‘S(d. witJi difiiculties- The ^ 
pot mil ini according- to Ra-liinovitcli is <>*overaed 
not only by the ‘M-^'T’^Miions” but also by tlie ions 
in ih(‘ i nt.<‘rinic(‘lla.ry Tupiid, 

In (liscussinu,' tin* India, viour of colloidal acids 
on djhit'ion (pi I, homlindivity, (dc.) Rabinovitch 
(p. oo) workiriii,' wit h VoO- solsconu^s to the conclu- 
sion lliat- t'h<' colloidal [lai'ticlcss a,ct as reservoirs 
which furnish acid to th(‘ itilerndcella,ry li(|uid as 
dilution iirocmals. ddu' results obtaitied by one 
of us (M. Ih Vh Iy(‘r, J . d///.s*. U}nrct\sifu, .]uly'j032) 
wit h st (na.i’ic acid sols no t'O show that the behaviour 
of colloidal a.ci(ls cariiiot, b(‘ t,i‘(‘at(ul in all cases 
fi*oni t h(‘ standpoint of Ibibinovitcdi. Tn a'liotlier 
paper, H a'binovit.tdi (p. 2S 1 ) (|iu‘stions the experi- 
tiHudal ivvsultsof oI'Ikm* workiM's (Mukh('rjee, KoU. 
Zcil., IddI, 67, ITS) in r(‘^‘a,r'iliny: (olloidal silicic 
acid as a, nio(h‘i‘at (dy stronj^* a,<‘id so fa.r as its 
(decl roclHMiucal prop<‘i t'i(‘s art' conc<‘rn(Hl. Though 
Kabino vit (di (daiins to lm,v(‘ p!’(‘pa.red colloidal 
silici(' acid poss<'ssiug iKudral rcuic.t.ion and |)oor 
bidTcrinju; (‘a.paci(-y, his vic'ws ari' not shared by 
otlna* \v<)rk(‘rs. 'Ti’i'a.dwcdl (p. 2hh) points out 
that flu* colloida,! silicic a, (del pre^iared by liim by 
(d(‘ct rol ysis, siiows in<M’(‘as(Hl aiciditiy on ^(Hqiing, 
\vhi<di h<‘ ('xplains as b(‘ing (lu(‘ t.o the polynierisa- 
t'ioTi of tdi(‘ niol(»<ades of t.h(‘ acid, a,nd not due to 
any <’< fnta.ininat ion. 

d'lu* <‘Xt(‘nsion of tlii' 1 lidiyi'-1 1 i'udvcl theory to 
colloidal <dec.trolyt<‘s whicli is Ix'scd- with various 
th<*oref ical <lirficu!( i(‘S has Ixam t.a.<dvl<‘<l by Hartley 
(p. :U ). It' is considm*<'d unlik(‘ly that- in pure 
solutions of colloidal (d(‘i*.t,rolyt.(‘s, a'Ctivity co- 
(‘'licients smaller tluin thosi* pr<Mlict(‘d by the 
(‘xtAUidcd t'h<‘ory of Didiye and lliudccd or micellar 
mobilit los loW(‘r t han thos(‘ ])rt‘(lict(‘d will be 
found. It' also follows as a, n(‘c.essa,j*y consequence 
that .si>nn‘ kind of a'Ssocia'tion. b(‘tAV(H‘n micelles 
and it>ns of opposit'i' (duvrge^ nuist oi'cnr. I)onna.n 
(p. SO) has a,])pli<ul his wcdl-known theory of 
m(*mbra.ne (ujuilibriinn to thr‘ d(d-errnination of 
molar nuisst*s, osinot'i(* prc'ssurc' a,n(i (dectrovalon- 
ci(‘s of iiilTcuxNiit' colloidal ions. 

{(() Soaps and b()N(i-('iiAiN Mnrx’THonyms. 

Soa] 5 S as colloidal (dcctrol ytess are of profound 
intm’est in vi(‘W of their t lu'oi'cd ical and technical 
importance. Media, in a,nd liis co-workers liave 
(lone pioTHMu* work in this (add. By measure- 
rmmis of th(‘ activity <d* soa,p solutions at 90°C., 
ilu‘V ha.ve shown (p‘ MO) that tliey shimlate a 
half w<‘a.k (‘lectrolyt (‘ in (!oncentra'ted solution due 
t'O 1h(* formation of small ion mic-ellois. In dilute 
solut ions how(vver tlioy exhibit the properties^ of 
inod(U*a.tcdy strong electrolytes. Mrs. Laing 


McBain (p. 153) has long been engaged in the 
correlation of the electrokinetic and electrolytic 
behav'iour of soap gels and curds and has come 
to the conclusion that the migration of Sodium 
ions in curds and gels is practically unhindered. 
She is of opinion that the electrokinetic phenomena 
in soap gels should preferably be formulated in 
terms of the directly determinable migration 
velocity of the colloidal ions. The electrokinetic 
phenomena persist in such systems to very high 
concentrations of added elect rolxde. 

Since published data regarding the physico- 
chemical properties of solid soo.ps have been scanty 
hitherto, Bowen and Thomas (p. 16-1) have made 
a detailed study of tlie solid soaps as come out 
from the factory. They have correlated the 
hardn(?ss of the soaps to the rate of cooling and 
to luoisture content. The temperature of solidi- 
fication of the soap lias been found to depend on 
the nature of the fatty acid present. Thus the 
hardness of the soap can be correlated to the 
title of the fat charge. The effect of electrolytes 
present in soaps in altering their hardness and 
other properties like their efflorescence has been 
carefully examined. 

^ Murray and Hartley (p. 1S3) from an examina- 
tion of tlie variation of solubility of long cha,in 
salts such as soaps and cetyl sulplionic acirls 
come to the conclusion that a true equilibrium 
exists between micellar and non-micellar forms. 
A largo cliange in solubility at a certain tempera- 
ture range (termed the ‘‘Kraft Point”) lias been 
ascribed to a lai‘ge change in the ratio between 
micellar and nonmicellar forms. 

Tbe structure of soap micelles is of utmost 
importance and has been very clearly dealt with 
by Lawrence (p. 1S9). Tie postulates two main 
types of micelles : {a) The ion micelles wherein 
all the polar groups are pointing to the water. A 
change in concentration does not affect the size 
of these micelles ; (b) The neutral or secondary 
micelles wherein there is crystalloidal association 
at the polar groups. An increase in viscosity 
is possible due to the latter type of aggregation. 
Tbe phase changes in the micelles such as “Kraft 
point” are supposed to be due to the breaking up 
of the secondary micelles. That soap solutions 
are attacked by atmospheric influences such as 
oxygen and carbon dioxide lias been pointed out 
by Ldtternioser (p. 200) wlio lias shown by careful 
experimental technique that variations in surface 
tension of soap solutions are the result of chemical 
reactions witli C’O-j and oxygen at the surface. 

Stewart and Bunbury (p. 2 OS) have re'sriewed the 
industrial a,pplications of colloidal electrolyt'CS, 
particularly those newer txqies of synthetic organ- 
ic compounds as have pronounced surface-active 
pi'operties, wdiich are finding wide application 
in the textile industry. These agents are chiefly 
the alkylated aromatic sulplionates, sulphuric 
esters of long chain alcohols, sulphonated castor 
oil and long" chain quaternary ammonium com- 
pounds, Their chief applications are as deter- 
gents, wetting agents or emulsifiers. Some of 
these compounds have decided advantages over 
soaps in so far as they give a soft finish to the 
goods, and are not precipitated out in hard 
waters or acid baths. 

{h) Dyestuffs. 

The formation of micelles of different types in 
dye solutions and the size of the particles have 
been recognised to be of gi’eat importance in the 
dyeing process. Valko (p. 230) has attempted to 
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compute tlie size of the dyestuff particles by the 
study of the rate of diffusion across sintered jena 
glass membranes. His results sliow that acid 
dyestuffs are molecularly disperse, while the 
substantive cotton dyes are aggregated to form 
ion micelles. Congo red on account of its 
Zwittei ionic nature is more higlily aggregated in 
acid solution. The discrepancy between migra- 
tion of dyestuff ions when freely dilfusing and 
when under a potential gradient lias been ascribed 
to the interionic forces between the ions of the 
dyestuff and the ' ‘ gegenions ” . 

Eobinson (p. 245) has compared the highly 
purified dyes with commercial products. As 
with soap solutions, different types of aggregation 
in dyestuffs have been observed. Tims the 
micelles of r> 2 -Benzopurpurine are found to consist 
of at least ten particles wdth 25 per cent, of in- 
cluded sodium ; while the micelles of Benzo- 
purpurine 4B are rod -shaped and much larger 
in size. A study of the conductivity-concentra- 
tion curves of many of the dyestuffs clearly reveals 
micelle formation even in dyestuffs like methylene 
blue which till recently were believed to be mole- 
cularly disperse. Morton (p. 2()2) has pointed 
out tiie importance of the colloidal constitution 
of the dye solution and the fine structure of 
cellulose fibres in tlie dyeing process. Tlie pore 
diameter of viscose cellulose is much larger in 
the swollen than in the imswollen state. The 
size of the pore is one of the important factors 
that determines the kinetics of the dyeing process. 
The diffusion rate of rapid dyes through cellulose 
capillaries approaches tliat of diffusion in \vater, 
while for the slow dyes it is only 10" of the pre- 
vious one. According to this view, aggregation 
of dyestuff particles will hinder the penetrai-ion 
of the dyestuff. The presence of small x>articles 
is quite essential for dyestuff absorption. In- 
crease of temperature favours dye absorption 
as it causes a decrease in the size of the dye 
micelles. The role of the electrokinetic potential 
of the fibres in its relation to tlie absorption of 
the dyestuff has been emphasised by PTeundlich, 
Valko" and others in criticising Morton’s paper. 
(c) Protein.s. 

Elod and Schachow'sky (p. 210) have studied the 
absorption spectra of mixtures of gelatin and 
tanning material to elucidate the nature of the 
tanning process. Using different complex salts of 
Cr+ + + and Fe + + + they have arrived at the conclu- 
sion that the instability of the complex salt 
determines the tanning action. Eegai*ding the 
nature of the complexes that are foimied between 
the tanning material and gelatin, experiments 
with cobaltic hydroxide and gelatin go to show 
that molecular compounds may be formed as a 
result of the secondary valency forces on the 
gelatin particle. Elod (p. 305) has also pointed 
out in another paper that the dyeing of protein 
fibres by acid dyestuffs is as a result of chemical 
combination. In the case of substantive dyes 
wdiich are sodium salts of sulpho-acids, their 
colloidal characteristics must be expected to 
profoundly influence the dyeing process. ‘Loaded’ 
and ‘ unloaded ’ silk behave differently towards 
substantive dyes. The “loading” material 
hinders the free diffusion of the dye to the silk 
fibre. The structure of wool is different from 
that of silk in so far as when the former is stretched 
the secondary valency, forces are oriented along 
the chain. So wool takes up more dyestuff 
when stretched than when unstretched. The 


intermicellar spaces in the fibres determine the 
penetration of the dyestuffs. Tliese considera- 
tions ena]>le us to explain the relative rates of 
dyeing of silk, wool and hides. 

The Zwitterionic character of proteins lias lon<^ 
been recognised, but it has been a moot point 
whether a p)rotein molecule can be considered 
as a multivalent ion or whether each charged 
centre can be considered to be a single monovalent 
ion. These and other electrochemical aspects 
of proteins have been tackled by Jordon Lloyd 
(p. 317). The results so far obtained show that 
the charged centres in a protein molecule have 
not that freedom of movement observed with 
crystalloidal ions like sodium oi* chloride. Tlie 
hy'dration centres and cliarged centres of proteins 
are closely related, and any electiulytic influence 
in which a protein takes pait affects its hy dilation, 
fl^he tendency of a protein to combine with an 
acid group is governed by the molecular size of the 
latter. The size and structure of the molecule as 
a whole has a strong influence on the physico- 
chemical property of every one of its active centres. 
Linderstrom-Lang (p. 821) by electrometric titra- 
tions of clupein has lent further support to the 
idea that the structure of the protein, i,c., every 
charged centre has its profound influence on the 
electrochemical properties of the molecule. 

Bigwood (p. 385) has studied the diffusion of 
electrolytes in swollen blocks of gelatin and put 
foiward the interesting view tliat there is a 
concentration gradient of the micelles wliich 
gives rise to a concentration gra-dient of diffusible 
ions in the gel. 

Weigert (i). 359) has made (|uite an interesting 
contribution on the role of colloidal electrolyt(?s 
in photography. lie has adduced experimental 
evidence to show that the intragranular phase 
consisting of gelatin p<‘iiticles is light sensitive, 
The photomicelles so formed have a profound 
influence on the develo])ment of the latent image. 

The coag-ulating effect of motapho.splioric acid 
on egg-albumin lias been made use of by 
Schofield (p. 390) in the estimation of proteins. 
Tie has shown that tlie metaphospliato ions get 
firmly attaclied to tlie amino groups of the protein, 
a.s the nitrogen of the amino groux') and the three 
Oxygen atoms of the iiliosphoiic acid form a 
tetrahedral grouxiing round the central atom of 
pliosphorus. 

(t/) 8 tarc’h?:s and Other Sub.stances. 

Samec (x^. 395) wJio has done a great deal of 
wmrk on starches has given ijuite a useful summary 
of his work. vStarcli solutions have a negative 
charge in contact with water. Tlie phosphoric 
acid which is invariably associated with starch 
can be liberated by li eating. It has been definitely 
established that the pliosxihoiic acid is not adsorbed 
by the starch, nor are there any Werner complexes. 
All tlie ijropei’ties of starcli show that it is a poly- 
saccharide ester of pliosxihoidc acid. The synthetic 
amylophosphoric acids wfliich are dibasic have 
been shown to he analogous in their electro- 
chemical behaviour to the starch solutions. Thus 
starcli consists of (a) the amylose fraction contain- 
ing no phosphorus and (b) the amylopectin contain- 
ing all the pliosphorus. The two fractions can he 
separated by electrodialysis. The abnormally 
high osmotic pressure of the amylopectin is 
due to the hydrogen ions present as “gegenions”. 
Electrometric titrations of amylophosphoric acid 
show two definite inflexions due to the neutralisa- 
t ion of the two hydrogen atoms. The migration 
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v<‘l()<‘U,y ol* the a.tuylopliosphovic acid has also 
biM‘n <lot<‘rruine(]. Ilie ccHuluctivity of the sol is 
approx if nat(‘ly a. linea,j‘ function of *its concontra- 
i ion. ''IMu'ro is a, div(M‘f^(‘nct‘ Ixdvvcen tlie conducti- 
vity of tlic sol and its })otentionH‘tric axdJvity, in 
so fa.r a.s tlu‘ conductivity of the sol calculated’ on 
tlu^ ba,sis of th(‘ potiuitionutfic activity of the ' 
hydro,o-(ui ions is imati la.ri»'oi* Uian the observed 
vahi<‘. ^Phis is ((uit(‘ a, ^-(‘nxM-al ifhenoinenon met 
wit'll in (uilloidat sysbuiis. The viscosity changes 
of t.h(‘ starch solutions on th(‘ atldition of electro- 


lytes have been attributed to changes in hydration 
as well as to tlie electroviscous effect. 

In this review, an attempt has been made 
to present some of the broad conclusions arrived 
at regarding the theory and applications of 
colloidal electrolytes. The monograph covering 
I 420 pages of closely printed matter is undoubtedly 
an up-to-date and useful reference for workers in 
colloids. 

M. P. Venkatara:ma Iyer. 

K. S. G. Doss. 


Problems of Cereal Rusts in India.* 


TJNDhlH th(‘ n uspic.c's of tin' Indian Science 
^ ('OngKv^s, li)d5, hi'ld a t ( 'alcutta., a Sympo- 
sium wa.s held on th(.‘ I^roblcnis of Cereal Kusts 
in I t'.d in. 

Or. K. C. M(‘lita opened the discussion by 
r(‘vi(‘\ving his invi'sl igations into the rusts of 
V'bi‘a.t, l>a,i‘l(‘y and oa.ts during the last 5 years. 

11(‘ siutl that in tlu‘ absemee of alternative hosts 
on Mu'- plains tlu' annual propagation and spread 
bus b(‘on brought home to the continuous 

pr(‘S('!:u‘(‘ of vial)l(‘ urixlosportis in the hills, the 
spor<ss living on self-sown wh(‘ats, barley and oats. 

inf(‘(*tlon ba.s btxm traced to the winds be- 
eoming laxhm with spori's and the spores being 
<*a,i*ri<‘(l long distaruu's liy upper (uirrents of air. 
In t-bo' bills ba,rb('rri('s and ''riialictrum have been 
found inh'cted with rust but the disease appears 
imudi al’b'r the a ppi'araiu’e of rust on wheat. 

various d(‘vic(‘s for (‘X])osing slides at high 
«*iH it u(l(‘s inv(‘nt (‘d by Dr. Miditaand Mr. (Iiatterji 
\V(UH‘ t-lum (‘xplaiiuxl, and ili(‘ time of tue spread 
of vinbh' rust' spori's corridabMl witli the appear- 
ane(* of i-ust. in t-lu' (i<‘lds. TIku’c was striking 
eoiT(da,t.ion. dirhuxmt physiological strains of 

rusts nud' wit'h in India im\ few in comparison 
with tbos(‘ met with in ir.S..^. and this was 
b(‘caus(' t lu' fungus could not inbmsively 
bybi‘idis(‘ in absence of s(‘c.ondary or alternative 
h( >sts. 

d'h<‘ annual loss du(‘ to rusts is enormous ; 
cont rol n!(‘a.sui'(‘s an* br(‘ediMg resistant varieties 
and idTorl' to <‘ra.dicat.(* t.la* dis(*ase in bills by 
Hiispi'iision of \vli<‘at crop a'lid vigorous destruction 
of IIh^ dis(*a,se<l iua.i'<‘i'ia.l. 

I>r. K. ,1.C. vSluiw th(‘n reaxl a })apcr by Dr. 
H. P. Pa) on \vb(*at rusts from the viewpoint of 
plant- br(‘(‘ding. Dr. Pal (uni)basised that tlie 
only c*rf(‘cl iv<‘ way t'O ovc.'rcouK* tlx* disease problem 
is by bre(‘ding iVsista'iit varieties. 4’bis is diffi- 
cult- in t'lu* ca.s(* of wlu‘at as tlie commercially 
<leslrabh‘ va'Tl(‘t-i(‘s anxl those possessing the 
higbe^st rn(‘asur(* of rust ix'sistance belong to two 
dilT(‘r(*nt groups tlx* nx'inlxu's of whicli do not 
readily int'(‘rei*oss. thirtlx*!’ complexity is intro- 
duc(‘<r by tlx* (‘xistencx* of a large number of 
pliysiologic, forms of tlx* three wlieat rusts and 
a. vari(*ty ri'sistant t-o some forms is usually 
susci'ptihle to otlxu's. 

ID* point (*(1 out that along with these difficulties 
(‘<'rta.in hopeful fx'atuves exist such as the fact 
t bat- a singles gem'th- factor sometimes determined 
r<*sistance to a group of jibysiologic rust forms 
and in tliat ccutaln varieties which are susceptible 


The full proceedings will be published by the 
Indian Science Congress Association in due course. 


in tlie seedling stage under greenhouse conditions 
later on develop in the field what is knoxvn as 
mature resistance, the latter being probably 
morphological in nature. Thus certain varieties 
appear to be resistant because the bundles of 
chlorenchymatous collenchyma in whicli the rust 
mycelium develop are small and separated bv 
sclei-enchymatous fibres. Again some varieties 
showing mature or held resistance probably owe 
their resistance to the fact that they open their 
stomata only after the morning dew has dried up 
so tliat germinating rust spores are killed before 
a moans of entry is offered to them. 

In conclusion Dr. Pal briefly mentioned the 
work being carried on in other countries and made 
some observations on the possibilities of breeding 
rust resistant wheats for India. 

Mr. Burt said that he saw the Indian and Euro- 
pean barberries growing side by side at Dr. 
Mehta’s Simla laboratory and found tliat Indian 
barberries were resistant while foreign ones were 
suscoptihle. ITe thought that the question 
whetlier an embargo should be placed on importa- 
tion of foreign strains would have to be considered, 
but, in the meantime, it would be very useful if 
systematic botanists throughout In^a would 
bring to tlie notice of the Imperial Council of 
Agricultural Pesearch any instances of imported 
barberries being grown as ornamental plants or 
otherwise, so that tlie Council might see whether 
susceptible form.s already exist in the country. 

Mr. P. K. Dey said that while appreciating the 
great advance in the knowdedge of the rusts 
brought about by the researches of Dr. ^lehta, 
he could not he quite convinced of the disease 
being due only to the wind borne infection from 
the hills. He asked why lower leaves were 
affected in preference to top ones which received 
highest infection as the infection came from above ? 
Also wiiy was the whole field found to be simul- 
taneously affected instead of random areas as 
would be presumed from the mode of infection. 
Possilfility of the spores remaining dormant in 
the soil nutrients should not be completely 
abandoned. Protected and non-protected fields 
should be laid to prove definitely the mode of 
infection. 

Dr. H. Chaudhury said that he had noticed a 
peculiar case at Lyallpur. Two distant plots of 
Australian w4ieat were found to be affected with 
rust but the indigenous varieties of wheat growing 
by the side of these plots had been found to be 
quite healthy. Did. such cases normally occur ? 

Dr. Bamdas asked why emphasis was placed 
on upper layers of the air currents as being the 
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carriers of the spores instead of tlic lovvor layer ? 
J.ower layers sliould not be negiected in such 
problems. 

Dr. Nehru suggested that the electric cultures 
might be useful in checking the disease. A baby 
cine on a flying machine may be useful in collect- 
ing data of the spore distribution in the upper 
layer of the air. 

"Dr. Bagchi said that there should be more 
intensive research in differentiating physiological 
forms. At present very small difference w.as 
deemed sufficient for forming a new strain. This 
practice sliould be discontinued and only after 
detailed study and recun.ing major differences 
should the division into physiologicp.1 strains be 
made . 


Dr. Mehta replied to the various points raised 
in the debate and said that he was not prepared 
to affirm at this stage that the alternate hosts 
had no part in the annual cycle of black and 
brown rusts. Circumstantial evidence, however, 
showed that the air currents laden with uredo- 
spores from, the hills were mainly responsible for 
the disease in plains of India. 

That loss of viability of uredospores was com- 
plete in the plains has been shown by experiments 
at his research station. Seed borne infection was 
non-exivstent. Greater humidity near lower leaves 
favoured spore germination ; hence these are 
attacked in preference to top leaves. Differential 
host studies are in progress. 

S. V. Desai. 


Easter Session of Scientific Societies, held at Bangalore. 18th — 22nd April 1935. 


W ELC’OME Ad d ress . 

TN welcoming the delegates, I )r. Gil])ert .J. Fowler 
^ emphasised the need for co-ordinating the 
forces and facilities at our disposal and referred to 
a formal agreement between the T^ondon Chemical 
Society, the Institute of Chemistry and the 
vSociety of Chemical Industry to set up a body to 
be called the Olienaical Council. This was to 
consist of representatives of the three bodies, 
together with i‘opj*esentatives of industry nomi- 
nated by the Association of British Chemical 
Manufacturers. The object of the Chemical 
Council was to administer a joint fund for such 
common purposes as the maintenance of a library 
and for the co-ordination of scientific and technical 
publications. 

He briefly indicated, the characteristic activities 
as he saw them of the various bodies repi-esented 
at the session. Few words ii'om liim were needed 
to support the high aims of tlie Indian Academy 
of Sciences witli its President Sir C. V. Daman. 
It know no limit to its scientific activities and 
strived to scale the peaks of human knowledge. 
Many of its publications were beyond the present 
understanding of tlie lay public who were content 
to await with interest the news brought from 
those high altitudes. 

The Institute of Chemistry of Great Britain and 
Ireland concerned itself with maintaining a high 
scientific and professional status of the chemical 
profession throughoiit the .British Empire, by hold- 
ing examinations and by scrutinising very care- 
fully the claims of applicants for its Associateship 
or Fellowship, 

The Indian Chemical Society (Madras Branch) 
looked after the interests particularly of Pure 
Chemistry in India, a worthy daughter of the 
present Chemical vSociety of .i.ondon. 

The comparatively new science of Biochemistry 
was represented by the active body known as the 
Society of Biological Chemists. India, having 
its headquarters "in Bangalore wdiere it was a 
matter of pride to him that Biochemistry was 
first systematically taught in India. 

Finally, he referred to the South Indian Science 
Association which fulfilled a very useful function in 
holding meetings for the discussion of matters of 
scientific, technical and general importance, but 
wfliich could hardly , find a place in more purely 
specialist societies." In this way it should serve 
as a very necessary link between the more recon- 


dite activities of scientific laboratories and their 
exposition to the general public. 

Inaugural Address. 

In tliG course of his inaugural address, Sir 
C. V. Baman referred to the possibility of classify- 
ing the main species of nacreous shells on the 
basis of their internal structure as revealed by the 
nature and distribution of tlie halos wlion they 
are examined by transmitted light. The X-ray 
studies of the shells carried out in the laboratory 
sixpported tlie above results. 

The reflection colours of nacreous sliells, 
classified into transferable and non -transferable 
types by Bre^vstGl^ were in fact found to be due to 
one and the same type, the result of diffraction 
phenomena. Microscopic examination, revealed 
the intersections of the oblique layers of the 
material of tlic shell at the surface, wfliich was 
responsible for the intense and variegated colours 
observed. 

Recent Advances. 

Structure of Molecules : Dr. M. A. Govinda 
Rau. — An important consequence of tlie newer 
wave-meclianical tlieories of the sti'ucture of 
molecules is that- the actual state of a. complex 
molecule cannot be represented in general by a 
single chemical formula but only by a super- 
position of several states. These states have 
frequently nearly equal energies and on account 
of their superposition give rise to an energy of 
resonance and hence to a stability. Tliere are 
other consequences of resonance, such a,s on tlie 
dipole moment and notably on the steric 
properties of molocales. The application of wave* 
mechanics has been generally very successful 
in explaining several of the finer details of structure 
of molecules. 

Chemistry of R libber : Mr. B. Sanjiva Rao. — 
After briefly referring to the work of Faraday 
and Tilden who established the relation of rubber 
to isoprene and of Weber and Harries who deve- 
loped methods for its purification and studied 
many of its reactions, the recent work of Staudinger 
and Pummerer was reviewed. They improved the 
methods of purification and showed that rubber 
owes its charcicteristic pi-operties to its chief 
constituent the rubber hydrocarbon and specially 
Staudinger by his fundamental work on the 
viscosity of high molecular weight substances 
showed that rubber consists of very long molecules 
in which over 1,000 isoprene molecules are bound 
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by means of main valencies into chains. The 
elastic pro})ertie.s are closely associated with the 
length of the chain. The saturated rubber 
obtained by hydrogenation is also elastic and is 
stable in air unlike tlie ordinary rubber which 
becomes brittle being attacked by oxygen. A. 
reference was made to the excellent synthetic 
rubber from 2 -ch loro-butadiene and the great 
impetus which syntiietic rubber research would 
obtain from Staudinger’s work. 

Colloid Chemistry of milk in relation to infant 
feediny and- humanisation : Mr. M. Sreenivasaya. — 
The condition of the ca,sein micell.-n in its natural 
environment varies with different milks, the 
degree of its dispersion and its state of hydration 
being largely influenced by tlie content of (1) 
T^actalliumin, (2) the non-pi’otoin nitrogen and 
(3) tlie other crystalloidal constituents like 
lactose and salts. Milks having higher percentages 
of the components, in general, exhibit a higher 
degree of dispersion of their suspensoids and 
eniulsoids and are more easily digestible. 
The fact that the digestibility of ^ow’s milk can 
be enhanced by the addition of 0.5 to 1.0 per 
cent, urea, is a significant advance in the humanisa- 
tion of milk. 

The problem of humanisation was not mei'ely a 
question of reduction and stabilisation of the 
colloidal particles of milk. The nutritive value 
of the dispersing and stabilising agents had to be 
considered in that connection. Attention was 
drawn to the limitations of humanisation iinriosed 


by an imperfect knowledge regarding the composi- 
tion of the caseins and lactalbumins from various 
milks. 

Grig IN Ai. Papers. 

21 papers were presented before the Session : — 
Pliysics, 8 : Inorganic and Physical Chemistry, 4 ; 
Organic Chemistry, 2 ; P>iochemistry, 1 ; ancl 
Industrial Chemistry, 3. 

Pgbltc Lectures. 

Rao Bahadur Prof. B. Venkatesachar, M.A., 
F.inst.P., gave a Lecture iUustrated by lantern 
slides on “Transmutation of Elements”, a subject 
of great theoretical importance. Pr. V. K. 
Badami delivered an address on “Sugarcane in 
Mysore”, a subject of high economic interest. 
The lecturer exhibited several specimens of 
improved canes. 

Social Events. 

Sir Venkata and La.dy Raman were “At 
Home” to the delegates and the elite of Bangalore, 
on the 18th April. On the 20th .April, there was 
anotlier “At Horne” arranged by the Societies 
participating in the Session, at the premises of the 
Industrial and Testing Laboratory. 

ATsits.- 

Visits were arranged to the Government Trans- 
former Factory and Government Industrial and 
and Testing Ijahoratory. A whole-day excursion 
was also arranged for visiting the Mysore Iron 
Works, Bliadravati. At all tlie places excellent 
arrangements were made for the I’eceptlon of the 
delegates. 


Science Notes. 


A Study of the Boundary Lubricathig Value of 
Mineral Oils of .Different OrUfin. (Lubrication 
Research Technical Paper No. 2. IT. M. Station- 
ery Office, Price ^)d .). — This Report discusses the 
results of a more extended investigation on the 
iines described in Imbrication Research Technical 
Paper No. 1. Tliat paper attempted to analyse 
the properties of commercial lubricating oils 
under boundary conditions but as two oils 
only (of unknown origin) were employed it was 
thouglit imsaf(‘ to base general (ionclusions on 
the results. In the present investigation oils of 
known oi’igin have been employed and their 
properties as lubricants under boundary condi- 
tions liave been correlated with what is known 
of their chemical constitution, particular atten- 
tion being paid to the influence of wax. Tire 
results of a few preliminary experiments on the 
specific e fleet of the bearing surfaces are discussed. 

;|: !l: 

The Evaluation of Ghire from Motor Car Head- 
lif/hts. {Illumination Research Technical Paper 
No. 10. H. M. Stationery Office. Price Is. (Wl .). — 
The present paper applies the results of previous 
research undertaken by the Illumination Research 
Committee, to the practical problem of assessing 
the actual glare arising from powerful motor car 
headlights. By the method described in the paper 
a “figure of merit” with respect to freedom from 
glare can be obtained for any proposed headlight 
system. No attempt is made in tlie paper to 
lay down an ideal distribution of light nor to 
prescribe an actual anti-glare headlight. The 
practical aim is to help designers of headlights 
and other? intere^tod to the merits of 


various distri])utions of light, witliout necessarily 
having to construct actual headliglits to produce 
such distributions. 

t- Jic >!: 

Atmospheric, Pollution {Tioentieth Report). (IT. M. 
Stationery Office. Price 5.s.) — Smoke pollution 
affects VIS in many ways — the cleanliness of ovir 
homes, tlie air we breathe, the state of preserva- 
tion of our historic and other buildings, the 
sunliglit we enjoy and so on. Rata regarding 
deposited impurity, suspended impurity, destruc- 
tive gaseous impuilty, ohsti’iiction of light are 
thej'ofore of close interest. It is the piu‘pose of 
the investigation of Atmospheric Pollution, the 
Twentieth Report of wliich is now available, to 
supply such data. 

t 

Scientific Results of the Dutch Expedition in 
Karakorum and the neighbouring areas in tlie 
years, 1922, 1925 and 1929-30. — The first volume 
which has recently been xRibhsbed, comprises the 
scientific results dealing with Geography, Ethno- 
graphy and Zoology collected during Dr. Visser’s 
three expeditions. * Tlie results referring to the 
other branches of science will be incorporated in 
the subsequent volumes. According to a notice 
appearing in the Sunday Statesman dated 31st 
March, the most thrilling pages of the book will 
possibly be those in vvhich Dr. Visser describes 
the history of the discovery of Karakorum with 
dramatic simplicity. Mrs. Visser has given an 
account of her Ethnograxihical studies. Dr. 
Sunder Lai Flora of the Zoological Survey of 
India, has described the 418 specimens of fishes 
collected hy Dr, Visser and his friends. ST 
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specialists liave contil bated to the first volume 
making' it a scholarly production of groat im- 
portance. 

5i: :|: 

A/ouut Everest Expeditloi. — A fresh attempt 
to scale the Everest is to be made this yea,r by a 
British Expedition under the leadership of Mr. 
Hugh Butledge. 

Mount Everest was 'discovered’ by trigonometri- 
cal calculation 80 years ago. Tlie first attempt' 
to scale the pealc was made in 1921 by Eieut.-Ool. 
C. K. Howard Bury. In 1922, General Bruce 
with a party of experienced mountaineers reached 
a height of 27,300 feet only 2,000 feet remaining 
to reach tlie peak ; with the experience gained 
in this attempt, General Bruce made a second 
attempt in IMarcli 1921 but unfortunately this 
too proved unsuccessful and tlie leader and also 
Mr. S. Tj. IMallory, another experienced mountain- 
eer, lost their lives. 8 years later Mr. T-lugh 
Butledge led an expedition and reached a height 
of 28,000 feet, about 1,000 feet below the summit. 
Owing to the difficulty of negotiating the rock.s 
covered with loose snow this attempt too proved 
futile. In the same year four British airmen 
hew over the peak at a height of 35,000 feet. 
They^ have taken a number of photographs and 
made several important observations and these 
are now available to the experienced leader, 
Mr. Elugh Butledge, who is shortly to make 
another expedition this vear. 

ji: :i; 

The All-India Modern History Congress will 
be opened by the Governor of Bombay, at Poona 
on June Sth. Hr. Shafaat Ahmad Khan has been 
elected Pi’esident. A historical exhibition has 
been organised and tours to places of historical 
interest will be arranged for the delegates during 
the session. 

:!: ;1: :|r 

The International Congress of Neurology will 
be held in London from July 29th to August 2nd. 

:!: ;!: :|: 

The seventh International Congress on . In- 
dustrial Accidents and Diseases will be held .at 
Brussels. Belgium, from Julv 22-27. 

:i: .t 

The tenth Congress of International Society 
of Surgery will be held at Cairo from December 
30th to January IMi, 193fi, under the president- 
ship of Prof. A. Von Eiselberg of Vienna. 

:i: ;1: 

The fourth International Congress of Agricul- 
tural Industries wiil be lield at Brussels from 
.July 15-27. 

:i: 

Professor Kenneth Aston of Cardiff lias been 
appointed Professor of Electrotechnology, Indian 
Institute of Science, Bangalore. 

=!: * * 

Dr. Ziauddin Ahmed, Member, Legislative 

Assembly, has been elected Vice-Chancellor of 
the Aligarh University. 

ii: :i: :i; 

The Syndicate of the Annamalai ITniversity 

has appointed Dr. S. N. Chakravarthi, Professor 
of Chemistry, Annamalai University, temporary 
ATcc-Chanceilor, in the place of Mr. S. E. Ranga- 
nathan, on his retirement, 

i|: :i: 

Dr. R. P. Paranjpye, whose term of office as 
Vice-Chancellor of the I.ucknow University, 

expires on September 15th next has been re- 


appointed Vice-Chancellor for a further period 
of three years. 

:i'. :|: =1: 

The Director of Industries and Commerce, 
Government of Hyderabad, invites applications 
from Midki candidates for 3 scholarships for 2 
years for training in Sugar Technology at the 
Harcourt Butler Technological Institute, Cawn- 
pore. 

si: =1: 

It is understood that permission has been 
granted to Professor W. Norman Brown, Pro- 
fessor of the American ,School of Indian and 
Iranian Studies and Director of Fine Arts in 
Boston, for archa;ological excavations in Sind. 
The excavation w’^ork is expected to commence 
during the next autumn. 

=1: :!: 

Mr. U. G. Champion, M.A., I.F.S., Silviculturist, 
Forest Research Institute, Debra Dun (India), is 
leaving India for S months, on leave. Mr, M. V. 
Laurie, i.F.s., wdll officiate in his jdace during the 
period. 

:t: 

E^rom Moscow comes the announcement that 
before the close of the year a rocket aeroplane 
capable of flying at terrific speed will be piloted 
through the rarefied air of the stratosphere. The 
result of the experiment will be watclied with the 
greatest interest as the possibility of using rocket- 
propelled machines for living in the stratosphere, 
with the idea, of eventually reaching the moon 
is being talked about by a large number of 
scientists. 

; 1 : i\i 

Dr. IT. W. Dudley, Biochemist, Medical Re- 
search Council and Dr. Cbassar Moir, London 
University G ymoecologist, have isolated an alkaloid 
from ergot, named ergometrine, which produces 
strong contractions of the uterus after 8 minutes, 
if administered orally, and within I minutes by 
hypodermic injection. 

:!: =1: 

Hydrogen of atomic weight 3 — tritium — , the 
evidence for whicli w%as obtained by nuclear 
disintegration processes at Cambridge and at the 
Palmer Phy^sical I^aboratory, Princeton, lias now^ 
been produced by Dr. P. W. Sehvood of the Frick 
T^aboratory at Princeton by tlie electroly^-sis of 75 
tons of w'ater over a period of 1 year. 0.5c.c. 
of the precious fluid has thus been obtained. 
This type of hydrogen exists in a concentration 
of 1 part in ten thousand million parts of ordinary 
water. 

:1; 5|: >i: 

TAe taste of water . — Professor H. C. 

L^rey and Dr. S. Failla wdio have compared the 
tastes of ‘ heavy ’ and ordinary distilled water 
conclude that the pure deuterium oxide lias tlie 
same taste as ordinary distilled water. The 
‘dry’ burning taste experienced by Professor 
Hansen, of Oslo, on tasting ‘heavy’ water thus 
remains unconfirmed. 

^ si: i!: 

In the coarse of an article on “Animal Hus- 
bandry in India,” appearing in Statesman, 30th 

March, Col. A. Oliver, Animal Husbandry Expert, 
Imperial Council of Agiicultural Research De- 
paHment, stresses on the need for organising 
Animal Husbandry Departments in every Pro- 
vince and State, “devoted solely to the interests 
of livestock and capable of carrying on systeinatic 
disease investigation and control and of giving 
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assistn.nce and advice to villagers 
iJii’ouglioiit t!ic C(nmt7*y in such matters as expert 
s<*l(‘clion and I'l^gistration of improved stock 
combin(‘d \Yitli better feeiling of females and 
Aomig slock ; tlu‘ pro])er scdection and care of 
suitable sii-es combined witli systematic castra- 
tion ol inferior maU's ; and in tlie disposal of 
ilieir and pro<{uc(u” fn the ])ast, there has 

b(‘(‘n no organisiul elTort and there, has been none 
of that (*ontinuit>' from generation to generation 
wit hout, which no lasting progi'ess can be erfected 
in liv(‘sto(‘k inqirovenient.. 

:!' 

In th(‘ course of Ins presidential address deli- 
at- the annna.l moH'ting of the Indian I 
(Maunical Society (Punjab llrancli) Prof. Uuchi 
Pain Sahni dieilt with ‘‘The Place of Science 
in Mass I'^diication ”, a su})joct of very wide 
a.pp('al. outliiuxl the constructive proposals 

for rat ionalising tli(‘ education of pupils so as to 
mak(‘ th(‘iu well litt(Hl for life. At home and at 
school, l)o>'s and girls should, throughout, be 
iuduKsI with the spirit of science and the training 
should })(‘. so designed as to inculcate in the child 
a. dist inct- bias in tlu^ direction of a proper scienti- 
fic a.i)pr(‘<dation of facts and principles with which 
h(‘ ma\’ b(^ brought into contact in the course of 
his studies or observat-ion. “'No subject of 
inst-ruct ion is capalile of exciting, stimulating and 
sa.t.isfying the sarru* va,riety of tastes and interests 
and bringing the mind and the soul of the pupils 
into n'lation with tluur surmundings in the 
sa.m(‘ int-iniate manmu* a>s the study of the sciences 
tloi'S.” 

SfyicL'Cii /"oraio.Yi7.-— A severe earthquake rocked 
lM.>rmosa, on the 21st April and is the worst in 
th(^ .Ja.[)a,ues(' teialtory .sim^e the disaster of 1112*1, 
wlum n.bout a hundred tliousand deaths wore 
(^;ius(*d. As a result <if tlie r(‘cent cataclysm two 
Pi’ovinc(\s weiv d<‘vastate(l and four large towns 
W(‘r(‘ s<‘V(M‘<dy affeetted. Nearly three thousand 
p(‘rsons a.re * rtq)()rto(l to have perished, about 
t.(m thousand hous(.‘s colla])sed and more than 
<d(‘veu t-bousand W(U'e damaged. I'he total loss 
to projxM'ty is (‘stima,t<‘d to exceed 10,000,000 yen. 
t''oituMat.(dy the suga.r(.*.a,n(> industry has been 
soar(‘d. An oilfield in the stricken area is re- 
ported t o liav(i i*ock(?d severely releasing a gusher 
which caug’ht lire, adding teri*or to the inhabitants. 

St.ri<*ken Formosa has (evoked the sympathy 
of t.h(‘ na.tions a.nd od‘m*s of help are forthcoming 
from t.lie American Ucul (tross and other organi- 
sa.{.ious. 

:!: 

in 'led Ilcsenreh. — ^Witli a view to 
s(‘cur(‘ pcu’sonal c-ontacts between the staffs ^of 
th(‘ various P.es('a,r<di Institutes devoted to O-ea 
R(‘S('ar<-h, Dr. H.. \b Norris, Director, Tea Re- 
scavrch Institute of C'V-ylon, with Mr. Forbes of 
t.h(‘ Pla-nters’ Association, Ceylon, will shortly 
])roe<‘(‘(l to Java, where they will have every 
opportunity to study the Research Crganisations. 
dJH‘v will be accompanied in the tour by Mr. 
('n,rp(‘nt<‘r. the Director of the Tocklai Experi- 
numtal Station, India. .Vrrangements have al^ 
h(Hm made for Mr. T. Eden, Agricultural Chemist, 
''r(‘a. R (‘Search Institute of Ceylon, to tlie 

JVxtklai Station and for Mr. Cooper of th(^ l(Dcklai 
Station to visit the Tea Research Institute ot 


The Kelvin Medal awarded by the Electrical 
Institute for outstanding Researches was present- 
ed to Sir Ambrose Pdeming, the octogenarian 
inventor of the tliermionic tube. 

Professor Ij. Ruzicka of the Technisclie 
Hochschule, Zurich, will be a visiting Professor 
at the Department of Chemistry, University of 
Chicago, during the suninier quarter beginning 
June 15th. The Professor will give two series 
of lectures: (1) Special topics in the cliemistry of 
alicyclic compounds and terpenes and (2) Selected 
topics in Biochemistry. 

According to a note appearing in “Chemical 
Age” the measures taken to eradicate malaria 
during 1921 as reviewed at a recent Moscow 
conference, include spraying from air craft over 
000,000 hectares of marshland with Schweinfurt 
green and flooding 25,000 hectares with petroleum 
by the same means. 7,000 hectares of marshy 
ground have been drained. The Soviet Union 
has allocated 80 million roubles for fighting malaria 
in 1985. At the Conference, reference was made 
to the new synthetic anti-malarials, Plasmozii 
and Akiichen. 

We liave just received the Supplement to the 
Journal of the Zoological Society. Muslim Univer- 
sity. Aligarh, India, dealing with the zoological 
laboratories, their e({uipment and staff. This is 
one of the many well-eciiiipped teacliing univer- 
sities in India coaching students for the B.Sc. 
(lions.), M.Sc. and Ph.D. courses. Besides lectur- 
ing work, the list of research papers given at the 
end of the supplement gives us to understand that 
the members of the staff are also pursuing original 
investigations in TTelminthology and we do not 
very well agree vdtli them wlien they say on 
page 2, that" “This is the only university institu- 
tion in India where research in Nenmtology in 
relation with the Tropical Diseases of Man and 
the Domestic animals is carried out.” It is 
such a pitv that the “Muslim community has not 
yet realised tlie value of research.” This narrow- 
mindedness is not an exclusive monopoly of the 
Muslim community. It is largely prevalent 
elsewlicre also. We hope that this limitation 
will soon disappear, and in building up the repu- 
tation of anv "department it is necessary to have 
a capable director inspiring an enthusiastic band 
of workers besides possessing a good libi‘ary. We 
expect to see all this in the zoological laboratories 
of the Aligarh University. 

:i: =!*« 

The report on the Royal Botanic G-ardens for 
1933-81, which has been recently published, 
clearlv points out the scientific and educational 
valiie"for India of the Botanical Gardens. During 
the year considerable progress was made towards 
the enrichment of the Garden as a reposit ry 
of tixe more useful and beautiful tropical and 
semitropical trees and shrubs. The garden, of 
medicinal plants started sometime ago has been 
added to and renewed. Large exclianges with 
gardens abroad have been kept up. The requests 
For identification of specimens have been on the 
increase and the Royal Botanic Gardens have 
actively helped several mstitutioiis in starting 
reference, herbariums. Thus, the School of 
Tropical Medicine, Calcutta, is building up a 
herbarium of medicinal plants with the help of 
the Royal Botanic Gardens and the Forest 
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I^r-senrcli Institute, Delira Puii, received a collec- 
tion ot duplicate Malayan specimens. The re- 
port also mentions tliat a treatise on Indian 
M'ater plants intended primarily for distribution 
by the Malaria Survey of India for workers en- 
gaged in reseai’clies on the distribution of malaria 
carrying mos^piitoes, is under preparation. 

We acknowledge with thanks the receipt of the 
following : — 

“Journal of Agricultural Research,” Vol. 49, 
Nos. 10 and 11. 

“The Journal of the Royal Society of Arts,” 
Vol. s:l, Nos. 4290-1300. 

“Biochemical Journal,” Vol. 29, No. 3, March 
1935. 

“American Journal of Botany,” Vol. 22. 
No. 8, March 1935. 

“The Journal of Institute of Brewing,” Vol. 
41 (Vol. 32, New Series), No. 4, April 1935. 

“Canadian Journal of Research,” Vol. 12, 
No. 3. 

“The Chemical Age,” Vol. 32, Nos. 821-825. 

“The .Journal of the Indian Chemical Society,” 
Vol. 12, Nos. 2 and 3. 

“ Experimental Station Record,” Vol. 72, No. 2. 

“ Foi’schungon und P^ortschritte,” Vol. 11, 
Nos. 10-12. 

“Tlie Quarterly Journal of Geological, Mining 
and Metallurgical Society of India,” Vol. 7, 
No. 1, March 1935. 

“Monthly Statistics of the Production of 
Certain Selected Industries of India,” No. 9 of 
1934-35, December 1931. 

“Functions and Organisation of the Indian 
Meteorological Department,” Government of India, 
Department of Industries and Labour, 1935. 

“ List of xml:)lications of the Institute of Plant 


Industry — I.eningrad, U.S.S.R.,” for the year 

1933. 

“Report and Accounts of the Cocoanut Re- 
search Scheme for 1931,” March 1935, Sessional 
Paper, Part 4, 1935. 

“Cocoanut Research Scheme for 1933,” April 

1934. Sessional Paper, Part 5, 1934. 

“Cocoanut Research Scheme for 1932,” May 

1933. Sessional Paper, Part 8, 1933. 

“The Cocoanut Research Scheme, Ceylon,” 
Bulletin No. 1, Report on the Soap Industry in 
Ceylon, November 1034. 

Review of the activities of the Cocoanut 
Research Scheme of Ceylon,” by Dr. R. Child 
(Reprint from the “Tropical Agriculturist,” Vol. 
83, No. 1, July 1934). 

“Handbook of the Institute of Agricultural 
Research — Facilities of Study and Research,” 
Benares Hindu University. 

“Mathematics Student,” Vol. 2, No. 4. 
“Medico-Surgical Suggestions,” Vol. 4, No. 4. 
“Journal of the Indian Mathematical Society,” 
Vol. I, No. 4. 

“Nature,” Vol. 135, Nos. 3412-3110. 

“Natural History,” Vol. 35. No. 4, April 1935. 
“The Journal of Nutrition,” Vol. 9, Nos. 3 and 4. 
“The Journrd of Chemical Phvsics.” Vol. 3, 
No. 1. 

“Journal de Chemie Physique” Vol. 32, No. 3. 
“Researcli and Progress,” Vol. I, No. 2, April 

1935. 

Inter-Universitv Board, India — Annual Renort 
1931-35. 

“Russian Journal of General Chemistry,” Tome 
4 (06), No. 9. 

“Science Progi'ess,” Vol. 29, No. 110. 

“The Indian Trade Journal,” Vol. CXVII, 
Nos. 1501, 1505. 


The Spirit of Research. 


TN an interesting address to the Fellows and 
Associates of the Institute of Chemistry at 
their Annual Meeting, Prof. J. F. Thorpe dealt 
with certain aspects of the profession of Chemistry 
both in academic life and in industry. (Vide 
J. and Proc., 1935, Pt. II, p. 121.) Although 
these remarks were primarily intended for the 
chemists, they do ne.vertheless hold true for othor.3 
as well ; it apx»ears therefore to be of importance 
to extract the relevant portions of the address. 

These remarks relate to the application of team- 
work for the solution of important and urgent 
problems. This idea of team-work is the legacy 
of the Great German Schools led by Bensen, 
Victor Meyer, Fischer and others and in England 
by Perkin Jr. of recent memory. In all these 
in.stances, the individual was deeply engaged in 
one major problem witli a number of research 
workers, while other questions of moment were 
also examined by him side by side. Thus, 
individualism marks out generally the man of 
superior merit and it is an innate quality which 
can neither be manufactured in the laboratory, 
nor its power be suppressed or hidden for long. 
Those who lack it, are mere workers under direc- 
tion, however great tlieir manipulative skill may 
be. Unless this quality is discovered and given 
free play, the force that directs other minds 
■^ecomes dormant and rusty. In the present da;^. 


team-work has lost tliis sense of expression of the 
individual and is re|:)laced by grouping a number 
of workers, working for the state under soriie 
recognised leader. Idiis feature is the resultant 
of war-timo activities, when all brains and mani- 
pulative skill were harnessed by one, two or more 
powerful individuals, who co-operated among 
themselves. These were extraordinary circum- 
stances. 

Post-war conditions have not tended to modify 
the above system but extended it in a. more 
virulent form — a feature which is the very essence 
of many Research Associations and industrial 
firms, resulting in or aiming at Mass Production, 
In consequence, individualism is not generally 
recognised resulUng in necessarily killing cT^afts- 
manship. One of the chief aids to the develop- 
ment of individuality is indicated by the impeti(s 
of aclcnoioledfjment and- pahllcaiion. In order to 
encourage the workers in a team, it is quite essen- 
tial to secure the publication of results under the 
names of the workers concerned which, many a 
time, is lost sight of hy those above. By" so 
doing, the individual worker feels confident, 
that he is capable of taking up other work, when 
the need arises for it. 

How this capacity for the expression of the 
individual in a i^erson can be detected, is a matter 
for serious consideratiou is generally solved by 
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the persons concerned, in the light of their experi- 
ence. It is, however, significantly true tliat 
neither our modern system of education nor the 
training in the post-graduate course, provides 
adequate ground for sucli recognition. According 
to Prof. "Jdiorpe, the institution of Ph.l). degree 
in several universities, represents one way of 
overcoming the defects. Tliis metliod may be 
open to question, particularly when Ave consider 
that many universities have abolished or are 
considering the abolition of this degree. It is 
claiiued that the tliree qualities — self-reliance, 
patience and initiative, so necessary to work of 
meiit — are evinced by an average worker for the 
above degree. Men of ex]Aerience may have a 
different tale to tell. Another defect, inherent 
to the selection of the proper individual lies in the 
fact that different universities have different 
standards in science training. In the case of 
higher degrees the institution of qualifying 
examination by tlie Institute of Chemistry^ is 
of great benefit to the research worker in the 
making. In this way, he becomes a “qualified” 
die mist. 

Speaking about the system of researcli control 
by committees, it has been said that it is also 
the outcome of tlie war and has continued even 
to-day. Given wide breadth of view and strong 
luiman sympathy on the part of the persons 
composing the committee, it is one of tlie best 
methods of solving some urgent problem, but 
in wrong liands, it is liigldy susceptible of destroy- 


ing personal initiative and individuality. Team- 
work in sucli cases demands that there should 
be free discussion a,mong the members of the 
team. It is, how'ever, rather unfortunate that 
the members cannot individually claim personal 
merit for any discovery or work of outstanding 
merit, while the results of such investigations 
form the property of the whole team. The 
snag, in such cases, is tliat the humble worker 
docs not get adequate recognition for his work, 
wliicii is rightly due to him. On the other hand, 
if members of a team do not exchange notes or 
discuss freely for feai* tliat some one else might 
get the credit for what is originally his, the benefits 
of co-operative effort are completely lost. It is a 
happy sign that this attitude is fast dying out. In 
hue, team-work reipiires siqipression of the 
self of its component parts, in the interest of the 
team, while those in charge of tlie investigation 
or tlie employers, should scrupulously avoid 
suppressing individualism of these parts. In the 
words of General Smuts, “The disappearance of 
tiie sturdy, independent-minded, freedom-loving 
individual and his replacement by a servile 
standard of mass-mentality is the greatest menace 
of our time. ” 

These timely remarks coming from such an 
eminent authority, it is hoped, will not be lost 
sight of in the development of scientific and 
industrial research in this country, which is yet 
on its path to recognition in the scientific world. ' . 

“ Chkmist.” 


Academies and Societies. 


Indian Academy of Sciences. 

ApnllfUlj. ShOTfON’ A. T. S. Subbaraya : 
A naif /sis of the Band Spectrum of Zinc. — The 
analysis of llg.., Cd^ and Ziio bands given by 
the author removes many of the difilculties 
inherent in the ])revioiis explanation that 
each one of tlie band series is a single v' 
progression. (h ish Skinivasienc;.\r : Simfular 
Solutions of Simultaneous Ordinary Differential 
Equations. 1. Ctiowla : Sonie Problems of Warbufs 
Type. S. (hiowLA : A Theorem on Sums of 
Powers with A pplicaiiofis to the Additive Theory of 
Numbers. S. f Ctiowla, : .4 Theorem on Sums of 

Powers tcHh A ppUcations to the Additive Theory^ of. 
Numbers If. Subyanaeayana Murty : Note 
on IXrichlefs EEunctions. D. S. vSubbaramatya : 
On the Depolarisation of Tyndall Scatteriny in 
Colloid.'^.— The. light incident on a system can be 
either unpolarised, or plane polarised witli electric 
vector vertical, or plane polarised with electric 
vector horizontal. The inter-comparison of the 
corresponding values for depolarisation, pii, pv 
and ph furnishes important information regarding 
the size and anisotropy of .shape or structure of 
the scattering particles. R. S. Krishnaist : On 
the Depolarisaiion of Tyndall Seattering in Colloids. 
— On the assumption that the law of distidbution 
in direction of the orientation scattering by larger 
particles is the same as that for very small elliji- 
soidal particles, the following simple numerical 
relationshixj /9 r=(1 + 1 (1 !■ 1 p'^) been 

derived and found to be in satisfactory agreement 
with the observations reported in the previous 
paper. R. Samui^l and M. Zaki-ud-Din : Note 


on the Absorption Spectrum of Cal. — The end 
absorption in the ult]*a-violet is the only real 
absorption of Cal molecule. Tliore are no bands 
pre.sent. 8. K. Baner.ti : Theory of Microseisms. 
— Microseisms of a definite type are produced by 
the disturbance of pressure at the bed of the sea 
produced by storm waves in tlie mid-Arabian Sea 
and mid -Bay of Bengal. A theory of tlie.se 
microseisms has been worked out by introducing 
into the usual hydrodyuamical equations terms 
involving compressibility, and the amplified 
theory gives a satisfactory explanation of all the 
observed facts. Various other causes which 
might also produce microseisms are discussed. 
Akrhayananda Bose : The Treks-s* Constant of 
Paramagnetic Ions in the S-State. Part II. 
.4(fueoiis Solutions of Ferric. Salts. — The product 
XT for acjueous solutions of ferric salts is ajipreci- 
ably less than the theoretical value. A study of 
these deida.tions, . with respect to nature and 
concentration of salt, the acid content, and the 
temperature, indicates that the deviations might 
be due to the hydrolysis of the salts. 

SECTION B. M. K. Subramaniam : 'Prelimi- 
nary Observations on the Effect of Fertilization on the 
Golgi bodies in the eggs of Acentrogohius neilli 
(Gobius neilli, Day). — On fertilisation the golgi ele- 
ments below the zona enlarge and the rim of the 
fatty yolk droplets break up into iiTegular granules *, 
concurrent with these changes the inner portions of 
the zona become converted into a mucilaginous 
envelope, after the completion of which, the 
majority of the golgi are extruded. H. 
Chaudhuri : A Bacterial Disease of Wheat in 
the Punjab. — By means of successful inoculation, 
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experiments, it lias been shown tliat the bacterial 
disease previously described by Hutchinson (1917), 
is caused by the bacteria Ps. tritici alone and 
that the presence of nematodes — Tylenclms scan- 
dejis whicli were once suspected t ;0 play a part in 
the causation of tlie disease, is not necessary. 
P. Maheshwari : Contributions to the Morphology 
of Ephedra foliata, Boiss. I. The development 
of the male and female gametophytes. — A detailed 
account is given and forms the first of a series of 
papers concerning the complete life-1 listory and 
anatomy of this species. A. Sreenivasan : 
Investigations on the Role of Silicon in Plant Nutri- 
tion. Part I. On the nature of inter act ion between 
soil ayid soluble silicates. — The interaction between 
soil and silica, resulting in the retention of a 
large cpiantity by the soil (55-81 per cent.) is 
mainly due to adsorption. K. M. Gupta : A 
review of the Genus Dipterocarpoxylon of Holden 
'irith Description of a New Species I). Iloldeni : 
from the Irraivady system of Burma. — A review of 
the work on Dipterocarpoxyla since lOK) has been 
given. B. M. Johri : The Gametophytes of 
Berberis nepalensis Spreyiq . — From the morpho- 
logical study, it is concluded that the Berberidaceoi 
shows a close relationship with the Ranunculacew 
and both should be included in the same group. 
A. Ramakrishna Reddy: The Structure, 
Mechanism and Developmeyii of the Gastric Aryna- 
ture in Stomatopoda icith a Discussioyi as w its 
Evohdioyi in Decapoda . — An account of the 
structure and the modus operarwli of the gastric 
armature of Squilla nepa, Ijatreille, in tlie light of 
the development of its oral and thoracic append- 
ages, is given. 

Indian Chemical Society. 

February 1935. N. R. D iar, Sant Prasad 
Tandox and S. K . Mukiierji : Deyiitrificcition in 
Sunlight and its Retar ’at on. Kali pad a B.asit and 
Ramakanta Chakravarti : Action of DyeAtrffs 
and Narcoti s o)i Proteohjtic Enzymes — Trypsin 
ayid Pa; ain . G. V. Jadhav and Y. I. Rangwala : 
Broyyiinaiioyi of Svlstayices coydaining two Arnyy atlc 
Nuclei.—Part I. B ro mination of Crtsyl and Nitro- 


plenyl Benzoates. Pkafulla Chandra .Ray. Haris 
Chandra Goswami AND Anil Chandra Ray ; On 
t' e Fluor hi ation of Orgay.ic C ompoimrs. — Fayt I, 
Nil Ratan Dhar: Ciemical Asne is rf Bio'orical 
Orldatioy s. P. G. Desat and A. M. I atel : Efject 
of Polarity on the Solubildies of S >n;e Oujardc 
Acils. B. K. Chattekjice and J3. L. Vi as my a ; 
'I h - Rea tioyi bettreen. lodioea'ul Oaudic Aftdf; in 
Ethylene Gly ol as a Solvent {A PreliaTuia y Note). 
Duhkhaharan C'hakravarti : Merciuahon of 
Cf'Urnariis [A Note). .Him .an Biha hi Day, 
Rubigctnday Hari Ramachandra Rao And 
XiRYVi-NKATA R.ajendra Seshadri : Geoi)uitica( 
Inversion in Acids derived fwm Cournarins. 

March 1935. Abani K. Bhattacharya: Compo- 
sitioyi of Prussiayi and TuryibulVs Blues, Part 111. 
N. R. Dhar. A. K. Bhattacharya and 
B. 1j. Mukerji : Photochemical Reactions between 
lodhie ayid Oxalate. Gadiyara Gundu Rao : 
The Dissociation Coyistant of Eugenol. 
M. P. Venkatarama Iyer : Adsorption Indicator 
in the Volumetric Estiyyiation of Sulphates. — A 
Colloido-Chemical Study. Pulin Behake Sarkar : 
The Chemistry of Jute-lignin. Part VI. Isolated 
Lignin and Ligyim Nath e in Jide. D. S. Nara- 
YANAMURTI : --i Note on the Photocheniical Reaction 
heiiceen Ethylene Iodide and Iodine in Carbon 
Tetrachloride Solution. Jnanendranati-i Mukher- 
JEE, Ramprasad Mitra and .i\nil Kitmar 
Bhattait-taryya : Oyi the Measureyneyit of AhsoUde 
Rates of Migration of loyis by the Method of Moving 
Boundaries. Priyadarajan Ray and Dinks 
Chandra Sen : Alagnetic Susceptibilities of 

Cobaltic Salts ayid. the Naimre of the Cobaltic Joyi. 
S. P. Govel and B. I.. Vaishya : The Coynple.r 
Formation heiiveen Manganese or Aluminium with 
Tartaric Acid in AlJcaline Medium. R. Padma- 
nabhan : A Siynple Apparatus for .Fracthncd 
Solidification. Pares Chandra Banerjee : Pse 
of Vanadous Sulphate as a. Reducing Ageyit. Part /. 
M. B. Rank ant> K . R. Apte : Volumetric EsUiyia- 
tion of Chlorides and Sidphates in a Mixture 
containing both with the help of Adsorption 
Indicator. 


XII International Congress of Zoology. 


^TTE XIT International Congress of Zoology 
. will be held in Lisbon on 15—21 September of 
this ear. under the presidentship of Pi-of. Dr. A. 
Ricardo Jorge, Director’ of the Faculty of Sciences 
in the University of Lisbon. His Excellency the 
Presi lent of the Republic, Marshall Carmona and 
the Minister of Public Instruction are patrons of 
the Congress. 

The sections of the Congress are the following : 
General Zoology, Experimental Embryology and 
Mechanism of the Development, Ecology, Zoogeo- 
graphy, Paleozoology, Comparative Anatomy, 
Comparative Physiology, Protistology, Entomo- 
logy, Invertebrates, Vertebrates, Zootechnic, 


Bacliiculturo, Symbiosis and Parasitism, Nomen- 
clature. 

The Indian Llniversities have been orficially in- 
vited to parti dpate in the Congress and it is ex- 
pected in the scientific centres in Portugal that an 
Indian delegation will be sent to Lisbon to repre- 
sent the Indian Zoologists. 

The social part of the Congre.ss is most interest- 
ing ; moreover the oPhcial dii ners and receptions, 
a visit to the principal historical monuments of 
Portugal, a visit to the three University towns 
(Lisbon, Coimbra, Oporto) and a sea trip to the 
y\rchipelago of Azores and the Island of Madeira 
are included in the programme. 
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Modern Surveying for Civil Engineers. 
By Harold Fra.rik Birchal, o.b.e., d.f.c., etc. 
(Chapman & Hall, Ltd., London). Bp. 521:. 
Price 256*. 

This book on surveying for Civil Engineers 
is the outcome of the author’s exxierience in 
engineering surveys and is written with the 
purpose of placing in the liands of the engi- 
neer — specially the younger practitioner of 
the profession — a volum(i to enable him to 
get an insight into the practical side of 
surveying— that most valuable part of an 
engineer's work generally inadequately or 
not at all treated in most text-books. 

The author presents the fundamental 
principles of surveying in a simple and clear 
style, eschewing almost rigorously all that 
he considers extraneous and superfluous 
matter. His treatment, though concise, is 
comprehensive and the great merit of the 
book consists in the lucid exposition of the 
methods of surveying as actually employed 
in connection with th(.^ several engineering 
projects. The young engineer, when faced 
with a problem, is sure to find a guidance in 
the pages of tliis book where detailed ac- 
counts of procedure adopted in solving 
similar problems encountered elsewhere in 
the past, are succinctly and lucidly given. 
The methods of estimating the cost of 
conducfing surveys and determining the 
r(‘quirements under each head are other 
special features of this book. 

The iirst eiglit chapters deal with the 
measurement of distances, accurate base 
line measurements for bridge location, me- 
thods of levelling, dilferent types of levelling 
instruments, angular measurements by com- 
pass and theodolite, detailed descriptions of 
improved tyx)es of theodolites such as the 
micrometer and the Wild and Tavistock 
theodolites and Tacheometry including a 
discussion on tlie relative merits of the 
Jeffcott’s Beaman’s, Watts Szepessy and 
Boss-Hardt Zeiss It eduction Tacheometers. 
The next three chapters deal with the methods 
of cross- sectioning, contouring, traversing 
and descriptions of the plane-table and the 
range-finder and methods of using them. 
The succeeding six chapters are mainly 
devoted to the methods adopted in con- 
nection with irrigation, pipe-line, w'ater- 
supply, road and railway project-surveys 
including tidal-flow surveys for sewage dis- 
posal and tunnel-surveying. There is a 
chapter on circular and transition curves and 


another on railway Points and Crossings. 
The last two chapters deal with photographic 
and aerial surveying, just to give the reader 
the bare elements involved in such surveys 
and enable him to appreciate their applica- 
bility in specific cases, and localities, in 
preference to the ordinary ground methods. 

The book is well -written and a large amount 
of new material, specially regarding recent 
improvements in surveying instruments, not 
to be found in many of the existing text- 
books, is included. Particular attention is 
called at all stages to the accuracy attainable 
in the ditTerent methods of surveying and the 
need for and methods of saving the needless 
labour and time generally spent on the 
attainment of the highest possible accuracy, 
whether necessary or not. The author’s 
close association with surveying schemes is 
undoubtedly resiionsible for the many prac- 
tical tips and the short and direct methods of 
approach to problems, that the book abounds 
in. There are numerous w^ll-drawn dia- 
grams besides several xihotographs of repre- 
sentative modern surveying instruments 
which will help the reader to follow the text 
with ease. 

The aim of the author to place in the hands 
of tlie engineer a handbook of practical 
surveying, which wdll be of real help in 
solving field problems, is amply achieved 
and the book will be a very desirable addi- 
tion to the reference library of an engineer. 

D. SUBBA Eao. 

si: ;i: :1: 

Cellular Eespiration. By ITorman 
IJ. Meldrum. (Mathuen’s monograihs on 
biological subjects) 1933. Pp. xi+116. 
Mathuen & Co., Ltd., London. Price. 3 sJi- 
6 d. 

The book xirepared by the late Dr. Meldrum 
sets forth in a simple manner and in a short 
compass the salient features of cellular 
respiration the literature on which is highly 
confusing, x^f^rticularly for the beginner. The 
subject by itself forms a very important 
branch of biochemistry ; in recent years, 
its impoxtancic has increased, as its ramifica- 
tions have extended beyond simple Respira- 
tion’. Thus oxidations and reductions play 
an important role in the activation of 
Xiroteases ; glutathione appears to function 
as a co-enzyme for glyoxalase, and is thus 
connected with carbohydrate metabolism. 

Br. Meldrum’s treatment is logical and is 
easily understandable by the beginner. The 
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method of the book represents what may be 
described as 'doiid thinking”. Its brevity has 
no doubt restricted its scope. The inclusion of 
a few essential experimental details would 
have greatly enhanced the value of the book ; 
the 3-page appendix hardly serves the purpose. 
x\ few aspects of the subject could have been 
elaborated wdth advantage. Thus the close 
relationship and perhaps identity between 
the ''Atmungs ferment” and “Indophenol 
oxidase” should have been emphasised. 
In the chapter on dehydrogenases, the 
products of oxidation of the metabolites 
could have been fully described. The 
chemical configuration of methylene blue 
has been needlessly repeated and in other 
respects too, such as in the arrangement 
of matter, the book is capable of improve- 
ment. There is no doubt, however, that 
the book forms an excellent introduction 
to the subject and even for the student 
requiring ancess to original literature a very 
useful list of selected references is given 
at the end of each chapter. 

Handbook of Chemistry. Compiled and 
Edited by 1:1. A. Lange. (Handbook Publish- 
ers, Tnc. Sandusky, Ohio,) 193-1. Pp. 1265 
•+•249 -f 29. Price 1^6*00. 

This handbook compiled and edited by 
Dr. Lange will be welcomed by all chemists 
who require a reference volume containing 
‘‘'Chemical and physical data used in 
laboratory work and manufacturing.” The 
list of contents comprise nearly 160 different 
sections compiled with specific attention 
to their utility for tliose interested in 
Chemistry and allied sciences. The compre- 
hensive nature of the different sections can 
be appreciated when it is mentioned that 
under “Physical constants of organic com- 
pounds” there are 4452 entries Avitli their 
Beilstein references. There can be little 
hesitation in saying that this book will 
prove indispensable to every worker having 
difficult access to a technical library. 

The volume will find a place on the desk 
rather than on the book-shelf, as there is 
little doubt that the Chemist will find need 
to turn to its pages for frequent reference. 
By reason of the fact that the Editor has 
obtained valuable assistance and co-operation 
of a very large number of competent chemists 
in his arduous task, the handbook bears 
the stamp of an authoritative and reliable 
document. The get-up of the book with its 
flexible binding leaves nothing to be desired. 


Studies in the Physiology of the Eye. 
By J. G. Byrne. (Messrs. H. K. Lewis & Co.) 
Pp. 428. Price 40^. 

“The title is somewhat misleading as the 
book is entirely devoted to certain limited 
aspects of ocular physiology and does not 
attempt to traverse the whole field of the 
subject usually termed “Physiology of the 
Eye”. If the extent covered is small, the 
thoroughness with which the studies are 
made more than compensate w^hat might 
appear at first a narrow field. Every 
chapter in the book bears ample evidence of 
numerous very careful and scientifically 
controlled Laboratory animal experiments 
from which conclusions have been drawn. 
The book is a valuable example of what good 
scientific reliable Laboratory work should 
be ; for every batch of experiments are given 
the main purpose, the methods employed, 
experiments made, observations noted and 
conclusions drawn. Apparent discrei>ancies 
are not ignored but critically examined and 
wffiere possible fully explained. 

The book is divided into four parts. The 
first part deals with paradoxical pupillary 
phenomena following lesions of the a-ffarent 
nerve paths. The author concludes that 
various somatic lesions and various visceral 
lesions produce an inequality of the pupils 
which fact considered in conjunction with 
somatic pain direct or referred will be of 
great value in diagnosis of disease and in 
medicolegal wmrk. Part II deals with “Pre- 
liminary palpebral widening” with light 
stimulus and paradoxical palpebral and fens 
phenomena. Part Til gives the results of 
stimulation of the sciatic nerve, the cervical 
sympathetic and VI cranial nerves and the 
observations made regarding palpebral widen- 
ing or narrowing, proptosis or retraction of 
eye-ball and allied phenomena. Part IV 
deals with pupil constrictortonns and the 
mechanism of sleep, hibernation, Narcosis, 
Coma and related conditions. The role of 
the pupil constrictortonns in such x}atho- 
logical states as Argyll-Robertson pupil, 
anisocoria and miosis is dealt with. There 
is a critical discussion regarding tlie causa- 
tion and the essential ingredients of the 
phenomenon of sleep in man and higher 
animals and conditions analogous to sleep 
in many lower animals as fish, frogs, reptiles 
and insects. 

There is much that is rather unortiiodox 
and thought -provoking in most of the chap- 
ters each of which has a rich Bibliography. 
The whole book is well illustrated and 
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])r()vi<lo(l with a index. The work is 

(>r or(.a.t value to Physiologists and ]:Neurolo- 
.i>ists. 

B, K. N. 

R 1 1 ( 1 1 R. A r. (lEOT.OG Y — WITH SPECIAL 

RKI'KRKNCK ^10 ECONOMIC DEPOSITS. By 
P^oluislav t^toees and Charles Henry White. 
(MaiCitiillaii <Si Co., 19.‘)5). Price 25s. net. 

Tins Book is an (daboration of the work 
by Dr. Stoees on tills subject (which has 
aliHMuly b(‘(‘n jniblislKMl in Czech and German) 
in (a)Ila.l)ora,t ion with Mr, 0. IT. "White, former 
Probsssor ol! Mining' and Metallurgy at 
Ihirwaird Pniversity and now a consulting 
mining giuilogist with couvSulerable experi- 
<‘11 (a‘ in many iiarts of the United States and 
in s(‘verail European countries. The book 
is primarily int(mded to meet the require- 
numts of (‘(‘onomic geologists and mining 
(‘ngin(‘(U‘s (‘iigaiged in the exidoitation of 
miiuu’al diqiosits. Ihung thus essentially a 
t(‘xt book of applied geology, special emphasis 
is naturally laid only on such aspects of 
striud ural geology as are necessary for those 
imgaigcHl in the siKuosshil exploitation and 
<l(‘v<‘lopm<nit oT or(‘ bodies. The first part 
of the book deals with the primary struc- 
i,nr(‘S of rocks, both igneous and sedimentaiy, 
a.s distinguished from the induced or second- 
a,ry structur(\s in these rocks due to orogenic 
m()v<‘m(‘iits in the earth’s crust, which have 
b(‘(‘n (daborat-(‘ly described in the second part. 
.\t the (‘lid of (‘ach section a convenient 
sunmuiry of all the important (inclusions 
lia-s hccu giv(m, oftiui r(\gularly tabulated, as 
foi* instaii(U‘, in (l(\s(Tibing the damaging 
and Ixuud'udal eiTechs of Paulting (pp. 246- 
260). Okiwards the (‘ud of tdie book there 
is just a small (‘liapter of about 16 j^ages 
(l(‘a-liiig witli g(H)p]iysical methods of pros- 
p<‘(*.ting, witli spcudal reference to those 
nndhods which have been successfully em- 
ploy (‘d in rcu'cnt years, based on such con- 
si(l(n‘ations as magnetism, gravity, rock 
(‘]a,sll(*.ity, electri(Til conductivity, radio- 
activity', (dc. The book is profusely iUus- 
i,ral(‘d * with diagrams, sections and photo- 
graphs (in fact,* these make up nearly half 
tlH‘ vu)linn(‘ of the book) mostly taken from 
su(4i st.andard works of continental authors 
as SchaiT(u.'\s Allgcmeine Geologic^ Weins- 
(di(‘iudv;s Allgemcine Fetrographie, Kinne’s 
(U^slclnskunda^ Heim’s Geologie der Sehiveiz, 

(‘t(U ^ - 

There are just a few points, however, on 
which one feels inclined to comment after 
perusing the book. In some places, as for 


instance in the very first chapter on the 
Primary Structure and Mrangement of 
Sedimentary Bocks, the treatment of the 
subject-matter seems to be rather digressive ; 
and although nothing has been said whicli 
is not useful, one feels that there is a certain 
amount of ’’rambling”. The chapters on 
Joints and Veins miglit. probably with 
great advantage, have come before those 
on Folding and Faulting. Tliis arrangement 
would also have secured the necessary 
continuity in thought between the chapters 
on Folding and Faulting and the next one 
on the ’’Principal Types of Structures in 
Folded and Faulted Begions’k In dealing 
with the "nomenclature of faulting'* (p. l-S’Oj 
the amthor says : ’’Since no system thus far 
proposed has had general acceptance we 
have, for the sake of simplicity and clearness, 
endeavoured to define precisely those terms 
in the use of which there has been lack of 
agreement.” On going through the next 
few pages, we are not sure if the authors 
have succeeded in this endeavour to combine 
the three great virtues of simplicity, clear- 
ness and precision, in their own definitions. 

Most of these xiohits raised for comment 
and criticism may picrhaps be considered as 
merely matters of opinion. Probably they 
are. In any case tliey do not seriously 
afiect the value of the book wiiich will be 
read with great profit by all those technical 
men who are interested in the development 
and exploitation , of useful mineral deposits. 

L. Hama Bau. 

ACTUALITES SciENTIFIQL'tES ET IXDUSTRIEL' 
LES. 2s o. 199. Eadioactivite Artificielle. 
By F. Joliot and Irene Curie. Paris, 
Hermann et Cie. 1935. Price 10 fr. 

This monograph on the new and fast- 
developing field of "Artificial Badioactivity ” 
by the original discoverers of new and artifici- 
ally produced radioactive elements is a most 
opportune and authoritative ^ exposition of 
the results so far obtained in this rich province 
of research. A full account of the funda- 
mental experiments of the authors is given 
and then a brief discussion of the results of 
other observers. One could have wished for 
a more complete account of the results 
obtained by Fermi and his collaborators. 
Though the authors have been compelled to 
add a footnote that Fermi’s claim concerning 
the production of elements beyond Urainum 
is disputed, the more recent work of Meitner 
seems to testify to the actuality of the 
production of elements 93 and 94. The 
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monogTapli liints at the immense possibilities 
that may materialise by the use of the arti- 
ficially produced radio-elements in therapy 
and biological research. As a precursor in 
such a promising held, the present work will 
meet with a warm reception from all quarters. 
We must congratulate the Publishers on 
securing such timely and authoritative 
expositions of the most up-to-date results of 
modern research. 

T. S. S. 

Le M01\rENT ELECTllIQTJE EN CHIMIE ET EN 

Physique. Geneialites et Methodes. 
By J. Errera. (Plermann et Cie, Paris, 
ia35). Pp. 46. 14 Pr. 

Le Moment elegtrique en chemie et en 
Physique. Moment elegtrique et struc- 
ture MOLECULAiRE. By J. Errera. (Her- 
mann et Cie, Paris, 1935). Pp. 59. 15 Fr. 

In those two monographs in the AcUialiies 
Scientifiques et Indnslrielles series the author 
has presented an extremely lucid and concise 
account of the present state of knowledge 
on the subject of dipole nion.ents in chemistry 
and in physics. Tlie hrst monograph is 
divided into three chapters, dealing respec- 
tively with a general account of polarisation 
and dispersion, methods of determining 
electric moments, and the theory of atomic 
bindings. This last chapter on homopolar 
and heteropolar bonds, valency angles, mo- 
bility of bonds and quantum resonance will 
be found to be particularly illuminating for 
many chemists not usually acquainted with 
the recent theories of molecular physics. 
The second monograph gives a neatly classi- 
fied account of the informations gained 
regarding the structure of molecules, both 
organic and inorganic, from a study of their 
dipole moments. 

The exposition is throughout supported by 
bold diagrams, clear tables, and a number of 
references to original papers. There is but 
one misprint, an obvious interchange between 
the moment values for nitro and nitroso 
benzene in table 8 A, p. 17 of the second 
volume. In the midst of a number of 
books and monographs recently published 
on the subject of dipole moments, we have 
no hesitation in saying that these t'wo 
exposes will be found useful both by phy- 
sicists and bv chemists. 

M. A. G. 

* 

Diffeagtion des Bayous Cathodiques par. 
By G. P. Thomson. (Hermann et Cie, Paris.) 

This monograph is published as a part of 


Aohialites Scientifiques et Industrielles in 
the section on theoretical physics under the 
direction of M. Louis de Broglie. It consists 
of translations in French of the first three 
papers on Electron Diffraction by G. P. 
Thomson published in the Proceedings of 
the Royal Society. The pioneer investiga- 
tions dealt with in these papers are of historic 
value. They were the first experiments that 
Avere performed to demonstrate the wave 
nature of the electron. The diffraction ot 
electrons now offers a poAverfol tool for the 
study of surface structure, tlie structure of 
free molecules and other topics. The above 
monograph on. the pioneer investigations in 
these lines will be, welcomed by workers in 
this held. 

S. E. 

:i: ;i: :!: 

BEGHERCHES SUR LES CoaTBINAISONS EXTPuFi 

LES Sees he Calcium et les Alumin.^tbs 
HE CALCtUAf. By J. Foret. {Aetualites 
Scientifiques et Industrielles^ 1935.) 

The first 12 pages of this paper arc devoted 
to a historical account of the subject and 
bring under review the existing knowledgi^ 
about the various aluminates of calcium 
including those Avhich contain sulfo and 
chloro groups. 

The original investigations described in 
this paper establish the formation of two 
types of aluminates having the fonniihn ( 1 ) 
and (II), AYlien tricalcium aluminate react.s 
Avuth soluble salts of calcium. 

I. 3 CaO. ALO 3 . (A),Ca. 10 H.O. 

11 . 3 CaO. ALO;. 3(x\):Ca. 30 H .O., 
where A represents Cl, Br, I, (XO,), or (270..). 

The characteristics of these ’compounds 
Avere studied with a microscope as well as by 
X-ray methods. 

Adequate evidence is given to prove that 
tetraealcium aluminate is hexagonal, Avhereas 
tricalcium aluminate is cubic in structure. 

The paper includes 4 excellent plates Avliicli 
show the Deby e-Scherer diagrams and 
microphotographs of some of the compounds 
investigated. 

K. B. K. 

;j: sjs ^ 

Host Plant Index of Indo -Ceylonese 
C oGGiDrE. By S. Eamachandran and 
T. y. Bamakrishna Ayyar. {Misc. Bull. 
Xo. 4, Imp. Council Agr. Ees.. Delhi. 1934.) 
Price 'Bs. 1 - 10 - 0 . 

Its modest price and clear printing would 
give this publication a wide circulation both 
in India and outside it ; but it is not com- 
parable in quality with similar publicatiorif^ 
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in Europe and in America. Tiie compilers 
show a lack of first-hand information with 
the insects mentioned and have not ex- 
hausted all the literature available. The 
names of plants are further arranged, at the 
end, in an alphabetical order while a similar 
index giving the names of insects would 
have been even more useful. In its absence 
it took us some time to realise that no new 
insect has been named by the compilers 
from Coimbatore nor by any worker from 
Pusa or Kanchi, three Indian centres, vhere 
so much work has been done on scale insects. 
The student of ecology wuuld regret to find 
many plants not specifically mentioned and 
as such these items serve as mere decora- 
tions. For example, on the first page 
Tachardma lobata is mentioned attacking 
Michelia cliampaca and again another 
Michelia sp. which is highly improbable. 
At least the mistake regarding Laoeifer 
lacca which is said to attack a Sehleicliera sp. 
besides R. trijuga could have been avoided 
by reference to the publications of Watt 
and of Glover, not mentioned in the biblio- 
graphy, which would have added many more 
hosts to the list given in the publication 
under review. There are many such in- 
stances of double entry which only lead to 
confusion. Laecifer mysorensis is mentioned 
as found in India which wuuld imply a wdde 
range of distribution wliile as its name 
implies it is restricted to Mysore and the 
British districts adjoining it. L. lacca Kerr 
is stated also to attack Shorea talura wdiich 
many a worker in Bangalore has showm not 
to be the case. T. lobata is sux)posed to 
have been named by Cliarnberlain. Ho 
spells his name as Chamberlin and Cockerell 
{Psyche.j 1924, 31 , 47) has pointed out it 
should be credited to Green and Chamberlin 
has accepted it {Bull, Ent, Ees., 1925, 16 , 41). 
Metacardia is wrongly spelled at least in 
three places for Metatachardia. The name 
Beesonia dipterocarpij Green {Bull. Eyit. Ees.j 
1929, 19 , 205) is nowhere mentioned nor 
the bibliography gives Green’s publications 
later than 1926-27, although the Bulletin 
was accepted for publication as late as 
1932. Inglisia ehelonioides is not cogeneric 
with I. bivalvata ; the latter belongs" to the 
genus Carcliococcus {J. Bom, Nat. Hist, Soc., 
28 , 4, 1034). Lecanium colemani Kann. 
is a very doubtful species questioned by 
Green and its non-existence, even in Banga- 
lore, has already been shown. On p. 52 
T. Silvestrii is given, without reference to 
any literature or locality^ as attacking an 


Ixora. sp. while its name is absent from the 
parasites of Ixora coccinea, a mistake 
which could have been easily avoided by 
consulting the necessary publication. 

S. M. 

:l: :1: 

Review oe Curkent Literature relating 
TO Paint, Colour and Varnish Industries, 
Jan. -Feb. 1935. Pp. 82. (Research Associa- 
tion of British Paint, Colour and Varnish 
Manufacturers, Teddington.) 

This 82 -page volume introduces the reader 
to the rapid progress made in the various 
branches of paint, colour and varnish research 
and every progressive manufacturer in the 
trade will not fail to appreciate the import- 
ance of a review of this kind offered by the 
Research Association of British paint, colour 
and varnish manufacturers — a prosperous 
organisation which is rendering great services 
to the advancement of the paint inrlustry in 
Great Britain. A particularly refreshing 
feature of the review is the importance given 
to shellac by devoting a special section to 
record the researches done on this important 
natural product now struggling to re-estab- 
lish its pre-eminence. This review will be 
gratefully welcomed by every one interested 
either in research or manufacture of paints, 
colours or varnishes. 

M. S. 

;|: ;!: 

Lac and the Indian Lac Research 
Institute. By Dorothy JSTorris, m.sc., f.i.c., 
P. M. Glover, B.f^c., and R. W. Aldis, Ph.D., 
D.i.e. (Criterion Printing Works, Calcutta, 
1934). Pp. 53. Price Rs. 2-8-0. 

The volume aims at giving those interested 
in the industry from whatever point of view, 
a concise and non-technical summary of the 
position when the Institute began its w^ork, 
and of the results obtained of value to the 
industry during the last nine years of its 
activity. The brief summary of the Indian 
Lac Industry prefacing the vohune refers 
to the pioneering entomological investiga- 
tions of Tachard, Kerr, Carter, Stebbing, 
Imms and Chatter jee and Misra. It is 
unfortunate that there is no reference to the 
extensive entomological studies of Mahdi- 
hassan who was one of the first to establish 
the trivoltine character of a race of lac 
insects indigenous to the Mysore plateau. 
He has been the first to recognise the im- 
portance of various races of lac insects in 
relation to the quality of their lac secretioUj 
a fact of great technical importance, 



588 


CURRENT SCIENCE 


[May 1935 


One wonders if tlie value of the publica- 
tion would liave suffered if attention had 
been called to the work of the Indian Insti- 
tute ot Science durinc: the years 1917-1927, 
for a full period of 10 years during the time 
of Professors Fowler and Jl^oiTis. It is difficult 
to deziy that the foundations of biochemical 
and technological research on lac were laid 
at the Indian Institute of Science at Banga- 
lore, and the circumstance that all the 
assistants in the physico-chemical and bio- 
chemical sections of the Namkum Institute are 
men trained at the Institute, bears ample 
testimony to this fact. 

This unfortunate omission of a substantial 
portion of the recent work on the biochemical, 
entomological and technological a.spects of 
lac carried out in a sister institution, lends a 
propagandist touch to the publication. 

It would have been of some assistance to 
the interested public if a financial statement of 
the Institute were appended to the report. 
It .is difficult to assess the value of funda- 
mental research but where research is de- 
finitely meant to assist an industry, the 
public are taught to estimate the value of 
research in terms of the increased prosperity 
or stability which research may bring to the 
industry. 

The revenue from the luc cess levied by 
' the Government of India amounts to nearly 
two lakhs a year and the aggregate amount 
spent on the founding and maintaining the 
Lac Eesearch Institute at hTamkum during 
the last 10 years, might now exceed twenty 
lakhs (precise figures are not. available). 
The volume concludes with an impressive 
array of 88 publications issued from the 
Institute which wu propose reviewing on a 
future occasion. 

M. S. 

Eeport on the Soap Industry in Ceylon. 
(Bulletin FTo. 1, Cocoanut PvESearch 
Scheme, Ceylon. By E. Child, f.i.g., b.sc., 
Ph.D. (Lond.).) 

This is the first of a series of bulletins 
issued by the - board of management of 
the Cocoanut Eesearch Scheme of Ceylon. 
As the Chairman points out in his introduc- 
tion ''This, review of local raw materials 
that can be used in the manufacture of soap, 
of soap making process generally and of 


suggestions helpful to the local industry, 
comes at an opportune time and from one 
who has a knowledge of the technology of 
the indUvStry. ” 

The author commences his report Avith a 
critical and exhaustive examination of tlie 
various rarv materials used for soap manu- 
facture and proceeds to discuss the several 
soap-making processes now in vogue every- 
where. An account of the chemistry of oils 
and fats is given in a manner, that should 
appeal itself even to tlie soap manufacturer 
who had not had the benefit of a systematic 
chemical training. Next a fairly detailed 
examination is made of the local raw 
materials available with special reference 
to the different varieties of cocoanut oil. 

In discussing the different soap -making 
processes, the author dw^ells at length on the 
Cold Process, as the majority of soaps made 
in Ceylon at present are by this process 
according to him. Minute practical details 
are given and this should be of immense 
benefit particularly to the untrained soap 
maker. A brief account of the serni -boiled 
and settled processes of soap-making is also 
given. 

In his recommendations, Dr. Child ob- 
serves : — 

“ ^ the local industry is quite c*apable of 

producirio: clieaply a reasonably good household 
soap in sufficient quantities. As an encourage- 
ment to develop a moderate increase in import 
duties would probably have good effect; •••■The 
local industry is not in a position to compete in 
the toilet .^oap industry at present and ‘ proliibi- 
tive’ increases in tariff are undesirable for 
that reason. An increase of 5 p.c. on all tariffs 
would not seem unreasonable ” 

Apart from this he suggests the establish- 
ment of a Government factor^^ on the model 
of the Government Soap Factory, Bangalore, 
and a bureau of chemical advice. Tiiere is 
also a suggestion to control the quality of 
the soap by the Government by the issue of 
labels. These are recommendations worthy 
of serious consideration by the Government. 

The report as a whole should commend 
itself to everyone engaged in the soap in- 
dustry, directly or indirectly. The board 
of management of the Cocoanut Eesearch 
Scheme deserves the thanks of the public 
for having decided to issue this valuable 
report gratis to all. 

M. S. Krishna Bao. 


Erratum. 

Yol. Ill, No, 10, p. 493, column 2, para 2, line '4, 
For OpliiceplKdus stolatus, read • Tropidonotus stolatiis \ 


739-o5.— Primed at The Bangalore Press, Bangalore City, by F. Subraraauia Aiyar. Supenniendent, and Published by 
B. N. Sastn, M.Sc., A.LC., AJ.I.Sc., for the Current Science ” Bo^d ot Edicqrs, Indian Instuuie of Science, Hebbal Post, Bangalore. 
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The Indian Research Council. 

^IIE appointment of the Marquis of 
Zetland as the Secretary of State for India 
may be used as an appropriate opportunity 
for reviving the question of the establish- 
ment of the National Council of Scientific 
Eesearch. His Lordship, during his tenure 
of offic(> as Governor of Bengal, evinced 
great solicitude in jiromoting the cultural 
advancement of this country, and in April 
1933 he caused a circular letter to be issued 
to a select body of scientists and representa- 
tive leaders of public opinion in India, 
offering assistance in case they shonld agree 
to co-operate with him in founding an Indian 
Academy of Sciences and Arts. It may be 
recalled that almost simultaneously, but 
independently^. Current Science in its issue 
for May 1933 published an editorial in which 
cogent reasons were put forward for the 
institution of an Indian xicademy of Sciences. 
Where His Ijordship and this Journal con- 
templated a single authoritative institution, 
the movement initiated by them resulted 
in the inauguration of two scientific bodies, 
Tk’., Tlie Indian Academy of Sciences and 
the National Institute of Sciences. 'Both on 
grounds of finance and of expediency we 
deprecate plurality of institutions, and one 
of our co-operators wrote to us as follows 
on this subject : 

The da.nger, of course, is that if we 
attempt to establish too many scientific 
bodies requiring support from Govern-' 
ments and Universities, we make it more 
difficult for existing institutions to con- 
tinue : it must be remembered that at 
present we find it sufficiently difficult 
to obtain adequate support for the Indian 
Science Congress and for our journal — 
Current Science. ” 

The existence of multiple scientific bodies 
of the Academy status must make it increas- 
ingly difficult for the Central Government 
to recognise the claims of any one of these 
bodies as the official expositor of scientific 
opinion in India, and must definitely retard, 
all proposals for the establishment of a 
National xkdvisory Board of Scientific Be- 
search. In this connection, our co-operator 
from, whom we have already quoted, makes 
the following significant observation : 

‘'It so happens, however, that some 
three years ago, a committee of heads 
of scientific departments of the Govern- 
ment of India was called upon to advise 
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on tlic question of tlie foriuation of a 
^fational Researcli Council and of National 
OonLinittoes in India to adliere to and 
co-operate with the International Hesearch 
Council and its Unions. W(^ expn^ssed 
the opinion that the formation of such 
a council was desirable although the coinli- 
tions were not favourable for the institu- 
tion of a National Ites(^ar(*h Council on 
lines analogous to those followiul in most 
other countries for the K^aaon that there 
was in India no body comparable to tin' 
Eoyal Society of London, th(‘ French 
A.carlemy of vSciences, etc. The present 
positioii'is that the project for the forma- 
tion of a National Research Council in 
India is in abeyance for lack of funds ; 
but ultimately when the financial situation 
improves a^nd it becomes possilde to consi- 
der again the formation of such a Ites<‘ar(d] 
Council, it will be easier to form such a 
Conncil on lines analogous to those existing 
in other countries, if, in the meanwhile we 
have formed an Academy of Sci(mc(‘s 
in India of the natmu projiud.ed in yonr 
(Editor's) circular. ” 

At present we are confronted not so much 
with tinancial stringency as with a (‘impli- 
cated situation sncli as few could liave 
visualisedin May 1933, and w'(?aro afraid that 
if it is not promptly and wisely liandh^d, it 
is capable of postponing indennit(‘ly tlu‘. es- 
tablishment of a RescOTch Council in India. 
For, it is obvious that all the four institutions 
which claim to occupy the status of an all- 
India character cannot fulfil the functions 
which only a strong Central Body can p(‘r- 
form. The confidence' which sucli an authori- 
tative institution enjoys will be su(li(*i(‘ntly 
high, as the Marquis of ZcTland ])(>int.ed out 
in his circular letter, " to eorisolidati' and 
expand the intellectual interests within its 
owm sphere of intiiience ; while', t.he si'anelard 
which it maintains must necessarily provide'- 
examxde and inspiration for scie'ntiiiej work 
of the greatest signilicance *, and the', (',slhna- 
tion, in wdiich it is held by the Intc'.rnational 
Associations should make its membership 
to be coveted as a distinction of me'ritorioiis 
and important scientific investigations. " 
Those who have been following the trend 
of modern scientific progress in this country 
must have noticed two distinctive features. 
The first characteristic is that a close and 
steady co-operation betAveen different groups 
of investigators,— medical men, physicists, 
chemists, biologists and engineers, — is al- 
most indispensable for an adequate solution 


of all social and economic problems. The 
se'cond is that scion till e discoveries in any 
onev branch of science, wliether theoretical 
or applied, find direct and ready application 
in apparemtly iinre'latcd branches of know- 
ledge. Wc' have several research institutions 
in India eqiiipjied and maintained by Gov- 
e'rnment subsidies, and it is obvious that 
investigations in them should proceed un- 
interrupted by the fluduations of lina-ncial 
assistance' and the' inliibitions of departmental 
in linen CCS. Ihiere is therefore a great need 
for a central agency for the prevention of 
overlaqqnng of e'frorV. and tlie duplication of 
('.x])('neliture of national revenues. It ought 
to be one of the', functions of such an insti- 
tution to s('(‘nre tlie intimate co-operation 
of the iiK'dical, agricultural, industrial and 
fore'-st r('sear(*.li de'iiartments and stress the 
importance' of a (dearly defined polieiy of 
scientific investigations in these departments 
for tlie promotion of the national health and 
the ('conomie*, e'Hicie'ncy of the country. It 
seems to us that the functions of the Eesearcli 
Council should not be restricted to the 
('iieoiirage'me'nt of (ai-ordination of researdi 
wuirk alone', he^we'-ver important and neces- 
sary it. nia.y Ix' for the^ intellectual advaiif'C- 
ment of the' country. In a sense' and perhaps 
for some', time' to come, this body must 
occupy the' st.atns and fultil tlie runed.ions 
of the' Pa,rliame'iitary Scie'iK'o Conunittee in 
Gre'at Britain. It should se'e'k opportunitie's 
for e'st.ablisliiug a link betwe'cn science' and 
Governiue'nt on the', one hand, and on the 
other, b('i. wee'll science and society. It oiiglit 
to assuiiu' t.lie' re'sponsibility of promofiug 
rliscnssioTis in tlie' Council Chainbe'rs of 
Fe'de'ral India, on scientilic subjects in tlicir 
api)li(*ation to (‘c.onoiiiic polie'.y and national 
we'll-lx'ing. It may eve'ii be nec'essary and 
desirable' to a.rra.nge' for occasional adelri'sses 
by sciciitiliet anthoritie'S to the jirincipal 
political i)U.rt ie‘s of Ix'gislatlve' Asse'mblh's and 
to assist' the' Gove'rnme'iit in all ineasures 
and acts whiedi involve' the appli(.*,ation of 
modern scic'iititic medluxl. The asefulness 
and in.iportane‘(' of the Researedi Council 
will, to a large ('xtent, be'- tested, not me'rely 
by tlie'. scie'iitlllc prestige to wliiedi it might 
attain, but; also by the', measure', of conliih'nc/' 
which it indue*, e'S di the'. Central Government 
on whose bounty it has te^ depend, and the 
extent of influence which it exerts on 
national affairs. 

Such a concejition of tlie functions of the 
representative scientific organisation w'as 
recently elaborated by our contemporary 
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■ Nalare,' and was also emphasised by Sir 
/jUj M,. Ismail in his oponin^* address at 
tJu^ inauiiura.l (‘creinony of the Indian 
Aeadeniy of vSeiences. 

dMiis is not, however, the first time that 
])roposa.ls for the forination of the National 
( ()uu(*il of lIcNseareli liavc^ heoTi put forward. 
At Ihe lirst' University C^oiiferenee held in 
Simla, in Sir 0. V. Raman moved the 

a,<l()[)ti()ii of a, r(‘solul.ioii for tlie establishment 
oi Ui Advisory Ifoaird of Scientific 

Ivescaireh, sinec^. the. Board of Scientific 
Advi('.(^ (*()nsistini>’ luaiidy of the heads of 
va,rious sdemt ific d(‘partm(mts which Govern- 
numt had hroui»iit ini.o being ivas willingly 
p(‘rniitt(‘d lo ])(H*()me (hd'nnct in 1920. In 
Si^ptmnlxn* UUU), th(‘ Government of India ad- 
di‘ess(‘d a lel,t(‘r t,o th(^ Siw.retary to the Gov- 
ern numt of Bengal conveying their decision 
tliaif, India should j(dn the International Ee- 
s(‘ar(*h < •ouncil and its Unions (1 ) Geodesy and 
(h‘ophysies, (2) Geography, (.3) Astronomy, 
(1) Biologi(‘.al Sciences, and (5) Eadio-Tele- 
gra.phy, a,n(l further stated that provision 
\va,s ma,de in the budget of the Secretary 
of Sfat(' for India for 1930—31 for subscrip- 
tions to tln^se. bodi(\s. In the same letter 
Govcaainumt pointed out that, as they 
n'(‘r(‘ not avvarr^ of the e:xistenee of a repre- 
s(*ntative scientifui organisation to which 
a.dh(‘r(‘n(‘e to tli(‘ Oonucil and its Unions 
c.ould b(‘ entrusbal, tliey had arranged for 
tlu^ tim(‘ Ixdng to a,ct as the representative 
of this c.ountry. The annual cost of India 
joining the Oonncil and the five Unions. 
(*a,Icuhit(Ml on her population basis, is 
£518-13-1 . The Inter- University Board at 
ii-s (*oni'(‘r('nce in 1931 appointed a sub-com- 
to in v(\stigat(‘ and report on a scheme 
for t,h(‘ formafiioii of an Advisory Board of 
S(‘.i<m(,i(ic Eesearch. The Government of 
ihmgal which consulted the Asiatic Society 
of B(‘ngal on tlie subjtMd of the letter of the 
Govan-inmuit of India'dated September 1930, 
!*(H'(dved in 1932 a meinoranduni embodying 
tlu^ (*()nsid<n‘(‘d views of that learned body ; 
a,nd otlun* s(*.i(mtillc institutions which were 
a, Iso consultiMi, submitted by that date their 
r(‘pru*s, gcunu’ally favouring the establish- 
^-«<il^nenf, of a H(‘S(Wch Ooimcil in India. It 
s(smis to us fhat the Indian Research Council 
wlum it, is formed must be the only scientific 
organisation wlii(*h by its representative 
ehairac.ter and prestige could be entrusted 
with the responsibility of adhering to the 
Int(‘rna,tional Research Council and its 
Uniojis. It is not financial stringency that 
now stands in the way of creating this body 


so much as the confusion juodiiced by the 
multiplicity of scientific in.stitiitions which 
within a year liave come into existence. 
The Government of India were looking 
forward, as is manifest from their letter of 
September 1930, to the foundation of a 
strong and authoritative scientific organisa- 
tioii which would be willing and comneteiit 
to advise them on the formation of the 
Indian Eesearch Council. The position in 
1935 is not more hopeful than it was in 
1930 and so long as scientists in India permit 
the existing state of affairs to continue, the 
Government of India will also continue so 
Iona to remain in a state of perplexity. A 
definite movement should be initiated to 
remove the anomaly of four scientific bodies, 
each trying to function as an AII-Tiidia 
organisation, and claiming to represent the 
national scientific interests. We could put 
forward a scheme for an All-India Organisa- 
tion which would be thoroughly representa- 
tive and satisfactory, if there were any 
indication that the conditions were propi- 
tious. 

The value and usefulness of the proposed 
Indian Eesearch Council must naturally 
depend not only on the readiness of the Gor- 
ernment of India to utilise its services and to 
support it financially, but also on the willing- 
ness and preparedness of Indian Scientists 
to eo-operate with one another, and with 
governments and their scientific depart- 
ments, The spirit of exclusiveness and the 
provincial outlook, which unfortunately over- 
take scientific achievements only too often 
in India, must be fatal to the growth of public 
institutions and to the creation of expert 
I scientific oiunion, capable of influencing the 
policies and projects of Government. It 
is true that almost all the practical problems 
of administration involve scientific factors, 
and it is equally true that the absence of a 
representative organisation, which could pro- 
vide Governments with a reasonably ade- 
quate unanimity of expert opinion on the 
control and administration of the life of the 
community, must account for much useless 
expenditure of public revenues. If the 
scientists would show any disposition to set 
their house in order and also their willingness 
to reach agreed settlement in matters relating 
to their departments, then the Government 
of India may be expected to appreciate the 
value and need of advice from those who by 
their foresight, character and capabilities 
acquire a right to be consulted. The one 
essential factor for the establislmient of the 
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Indian Eosearch Council is a modification of 
the existing policy, spirit and outlook of 
public scientific bodies, which must merge 
into a single representative organisation, so 
as to command the esteem and confidence of 
Governments, Universities and the general 
public. 

The new Secretary of State for India who, 
as Governor of Bengal, had, more than any 
other administrator, evinced the greatest 
l)ractical concern in the promotion of the 
cultural life of this country, and whose interest 
in the scientific progress of its people had 
never abated even in the midst of his other 
pre-occupations, may be expected to use 
his rare influence in establishing a right 
relationship between science and Indian 
administrative problems. Professor F. O. 
BoAver once acknowledged that it was owing 
to the energy and enthusiasm of Lord 
Balfour that science was welcomed into 
the inner circle of Imperial Administration ; 
and India may conhdently hope that the 
critical and constructive mind of the 


Marquis of Zetland may formulate a plan 
which would ensure a reasouahle apprecia- 
tion of the value of science in the administra- 
tive departments of the Government of 
India. We hope that an atmosplicre favour- 
able for initiating a movement for the 
establishment of the Indian Research 
Council will soon be ])rodiiced by scientists 
in India who, hy reason of Mieir knowdedge 
and capabilities, are entitled to exercise a 
greater control over such administrative 
problems of the country as fall within the. 
range of sclent ihc infliienco. These prohlem.s 
should no longer be permitted to be eiitrusterl 
to the hands of those wdio ]iav<^ no first- 
hand knowledge of science, and the first step 
in this direction is to remove tln^ reproacli 
that India is practically tlie only civilised 
country without a National Eesearch Council , 
to wiiich the Government of India could 
look up for advice and guidance in all prac- 
tical measures affecting the moral and 
material advancement of the ])eople, , 


\;^ The Educational 

1923 the Government of India abolished 
the Bureau of Education as a measure 
of retrenchment and the Hartog Committee 
deplored this act of Government in order to 
save a few thousand rupees. When a few 
months back Sir G. S. Bajpai referred in the 
Legislative Assembly to the intention of 
Government to revive the Central Advisory 
Board of Education in accordance with 
the recommendation of the Committee, the 
Assembly suggested postponement of the 
proposals in view of the forthcoming reforms 
in the provincial and central administration. 
If the proposed Advisory Board is to fit 
into the general framework of federal 
administration, it is obvious that the Indian 
States should be adequately represented, 
for education, which is at the basis of all 
progress, must always remain as an all- 
India subject. The Hartog Committee 
points out that education as a provincial 
transferred subject has during the past 
fifteen years made little progress especially 
in the field of free and compulsory elemen- 
tary education. The Simon Commission, 
of which the Committee was an auxiliary 
body, viewed the problem of education as 
one concerning the entire political and 
social destiny of the Indian Empire and 
the question of the extension of franchise 
and that of the reconstruction of rural life 


Advisory Board. 

depend largely upon the amount of benefit 
which a carefully devised sclieme of liiglier 
elementary education confers on the gene- 
ral Indian population. 

The value and usefulness of the Board do 
not depend so much on its prestige as on 
the amount of expert knowledge, experience 
and industry which its members will ulti- 
mately bring to bear on the problems 
entrusted to them for investigation and 
advice. The existence of the Board consist- 
ing of eminent educationists and representa- 
tives of public opinion can be justified if 
Government recognises the need for advice 
and provides adequate funds for giving 
effect to its recommendations. Proposals 
for the rapid extension and improvement 
of the educational schemes in India are 
frequently made in the Legislative Cliam- 
bers and Governments have frequently 
pleaded inability to accept the proposals 
of people’s representatives on account of 
the limited provision they could makv.^ 
for education in their annual budget. 
The realisation that money spent on 
people’s education is in the nature of 
public investment, must be the foundation 
of the financial policy of Government, 
whose first and last line of defence must at 
all times he a contented, prosperous and 
homogeneous population. 
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The Quetta Earthquake. 


disaster which has overwhelmed 
(.)uetta staggers imagination. Those who 
are situated far from the scene of this appal- 
ling ('-atastrophe may not be able to compre- 
hend tlie straits to which this frontier 
military station has been reduced by the 
oartiuiuake. We have great praise for the 
militaa’y authorities for arranging efficient 
and x>^*oinpt salvage and relief operations, 
and the splendid manner in which response 
is forthcoming to the Viceroy’s appeal for 
funds is a witness to the profound and 
universal sympathy evoked by this iiolo- 
caust. It is unofficially stated that there 
must be a death roll of 65,OOD people. 

Pronionitions of the coming disaster were 
not wanting. Since the earthquake which 
convulsed Bihar last year, earth tremors 
were reported from various places and they 
w<‘r(‘. continually travelling westward. It is 
now well known that practically all Indian 
(‘.artluiuakcs liave originated from the 
peripluM’al tracts of the Indo-Gangetie plain, 
a.t the foot of the great Himalayan mountain 
syst(‘ni. Tliis belt of country is a zone of 
wn‘.n.kness and strain in the underground 
r()(‘.ks, due to tlie severe folding and ! 
crniupliug to whicli tliey Iiave been subjected 
in thi'. process of the elevation of the 
Himahiyas. "Now and again in some place 
or oGhu* along tliis belt, wliere the pressure 
(‘X(U‘.eds a certain limit, the rocks readjust 
lh(uns(dv('.s a:nd every such readjustment is 
a(*(*.oru])anied by an earthquake of smaller 
or grinit/cr intensity. 

recent disaster which shattered Quetta 
is ail (example of such a tectonic earthquake. 
The uu<lcrground geological structure of 
tlu^ roedvs in tlie country affected by the 
ujdieaval is to a certain extent indicated 
)>y the nature and disposition of the hill 
rangx^s in the area. Geologists have pointed 
outrtliat the several mountains of Baluchis- 
tan b(‘long to the same system as the main 
mass of the irimalayas, and they really form 
a part of one great family of mountain 
clniins. A glance at the physical map of 


Baluchistan shows that the Sulaiman range 
forms an important line of hills running 
north and south. At its southward end, 
the range takes a western bend forming the 
Bugti hills, and then it soon turns north- 
west giving rise to the Marri hills, extend- 
ing along the Bolan pass to as far as 
Quetta. At this point there is a sharp hair- 
pin bend in the alignment of the iiiiL ranges 
and we have, to tlie south of Quetta, the 
Brahui and the Kirthar mountains running 
due north and south. In a region of com- 
pression like the area covered by this plexus 
of hill ranges showing abrupt flexures and 
lying under severe strain, any increased 
stress must naturally result in a severe 
convulsion of the earth's surface. To the 
east of the present scene is the great 
Kachhi plain where an earthquake of great 
magnitude took place in 1939. Tiie belt 
of the greatest havoc in the ease of the 
recent earthquake runs roughly north and 
south extending over an area of about 70 
miles long and Vj miles broad, iiic-liid :ng 
important and populous towns such as 
Quetta and Hastung. This wllL give us 
an idea of the epieentral area, where rocks 
of varying degrees of hardness and of differ- 
ent ages are known to occur, constituting 
the Baluchistan Hountaia System. It is 
i well known that ••faulting” in rocks is the 
commonest type of movement which gives 
rise to earthquakes, and the probability is 
that it is a dislocation of this type that 
has been responsible for the Quetta Earth- 
quake. 

A more definite diagnosis of the cause of 
this earthquake must await a thoroiigh 
and detailed geological investigation which 
has already been initiated by the Geological 
Survey of India. 

Within recent times earthquakes have 
become an epidemic, and places like Quetta, 
one of the foremost E. A. F. base head- 
quarters of the Western Command, where 
there must necessarily be large ammunition 
depots, need special protection. 
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Transmutation of Elements and Induced Radio-Activity. 

T. S. Subbaraya, m.sc., A.inst.P. 


npHE alchemists of old had only dreamed 
^ of one artificial transmntation, viz., 
that of the baser metals into gold. But 
modern Physics lias witnessed wonderful 
transmutations far beyond the vision of 
the most visionary alchemist. The last 
year in x)articular has brought forth such 
a wealth of new and astounding results that 
to-day, we have already great difficulty in 
giving a resume in a few pages. hTew 
discoveries are being published in ever- 
increasing numbers so that it behoves us to 
take stock of our position at frequent inter- 
vals. Such a survey is particularly needed 
at ju'esent and the following pages will be 
devoted to a brief account of the most 
important results so far obtained. 

The first artificial transmutation was 
achieved by Eutherford in 1919 when he 
bombarded nitrogen by a-particles and 
showed that hydrogen was produced. 
Blackett's cloud track photographs of this 
phenomenon sho^ved that the a-particle 
entered the nitrogen nucleus, ejecting a 
proton and forming an nucleus. The 
new missiles placed at the disposal of science 
by the discoveries of Cockcroft and Walton, 
Chadwick, LaAvrence and Urey have ren- 
dered possible a large variety of transmuta- 
tions. Our present purpose is not to discuss 
the results of all these experiments, but to 
pass on to a new discovery made by Curie 
and Joliot in the course of their researches 
in this field. We mean the production and 
study of new radioactive elements and the 
consequent enrichment of our knowledge of 
the nucleus. This new- discovery is not 
only most important and interesting in 
itself but also because it has made it possible 
to produce chemical proofs of transmuta- 
tion where previously one had to content 
oneself with considerations of the total 
charge and mass of the particles involved in 
the process and the conclusions deducible by 
such considerations. 

The discovery oi new radioactive elements 
w^as made by Curie and Joliot in the course 
of their investigations of the result of bom- 
barding nuclei of the light elements by 
a-particles from Polonium. The experi- 
ments of Eutherford and others had 
showed that most of the light nuclei up to 
Potassium emitted protons when bombarded 
by a-rays, resulting in the formation of 


nuclei of other known elements. Now (hir; 
and Joliot found that nuorine, sodium an 
aluminium also emitted neutrons winm thi: 
bombarded. Here therefore w-ere new'' tram 
mutations which could not how(^v(U‘ 1; 
explained so easily as tlie previous t.yp< 
Thus taking the case of aluminium, we hav 
the folio wdng equation re[)resenting the tra.m 
mutation by emission of protons : 

liT -1 .‘-iO I 

AH- He Si -E n . . (I 

2 11 1 

In these equations, the lower ind(‘x re]>r( 
sents the charge on the nueh'us and tli 
upper index gives its mass. T]h‘ (Ujuatio: 
is such that the sums of th(‘. elia.T‘g(‘S o' 
either side balance as also the sums of th 
masses. Thus in the above equation, th 
total charge on the left is 
and so also on the right the sum is 1 5 l q - 1 
Similarly the mass on the left is 27 +1 -• :> 

while that on the right is equally 31 - .hK) | l 
1 

The symbol H represents the ])roir)n t ha 

is ejected during the transformation. Whe: 
we try to set up a similar equation for ih 
transmutation observed by Curie and rJol in 
in which neutrons were ejected, wc' i\>vo 1(m 
to the following : 

A.1 "I" He — ^ P -j" H . . ( ~ 

12 2 15 0 

1 

The symbol n represents tb(‘ (qe(‘t<‘<l wou 

0 

tron of charge zero and mass one. 
nucleus of Phosphorus of charge 1 5 and ma-s 
30 which we are thus led to ]>ostulat.(‘ is on 
which does not occur ordinarily in Natni‘< 
Hence the difficulty involved in th(‘ a.hov 
explanation. This very difficulty h^d i' 
important discoveries as we shall se(‘ bedow 
STow Curie and Joliot had ahaanl; 
found! that some light elements like Ixu'yl 
lium, boron and aluminium emit ]>osit-ron 
when bombarded by a-x)arti(*les fron 
Polonium. In the case of beryllium tlH‘; 
considered that the positrons were due t<o ; 
materialization of the y-rays emitted bj 
beryllium along with neutrons, tlnis : 

0 4 12 1 

Be -{- He — > C -f- ■yt -f- ^ • - (3 

4 2 GO 

The symbols and €- represent the positiv* 
and negative electron respectively, ddu 


1 Comptes Rendus, 1933, 196, 1885. 
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vio^' rc])resoixted by equation (3) was sup- 
PovIxmI by a comparison of the energies of 
the })ositrons emitted and of the y-rays 
usually aecorapanying the emission of 
iHMitrons by beryllium. In the case of 
boron and aluminium, however, they found 
tliat the positrons had to be attributed to 
th(‘ product wliich resulted from the trans- 
mutaitioii witb the ejection of neutrons. 
T}i(‘ discovery of new radioactive elements 
and tli(^ ex])lanation of (2) followed at once 
wh(‘n (hiri(‘ and Joliot found- that the 
emission of positrons continued even after 
tlL(\v had removed the source of bombarding 
a-rays, and that the activity, i.e., rate of 
emission of positrons, followed an exponen- 
tial law of decay as in the case of ordinary 
radioactivity. The explanation of (2) is 
now ck^ar. We have seen that the trans- 
fornnition leading to the emivssion of neutrons 
nec(^ssitatx‘s t.hc assumption of the formation 

30 

of liitiHU’to unhnown nuclei such as P. 

15 

If we*, now assume that these nuclei are 
ordinsirily not found because they are un- 
sta])ll^ and tliat they disintegrate with the 
emission of positrons according to the 
ordiiuiry law of radioactive decay, we have 
an (‘xplanation of the phenomena observed 
by (hirie and Joliot. They also observed 
d'lat the di‘cay of each of the new' nuclei 
produced by them had a characteristic 
iialf-value period. Thus iu the case of 
aluininiiirn, boron and magnesium, the half- 
value periods were respectively 3 mins. 

1.5 secs., M mins., and 2 mins. 30 secs. The 
uuck^ar redaction as envisaged by Curie and 
Joliot in eacli of these cases is as folio w^s : 

••7 -I 30 1 30 30 

AH- 1? + n; SL + 6+(4) 

13 3 15 0 15 1-4 

10 -I 13 1 13 13 . , , 

P> lie — > N -f n; N-)- 0 + (5) 

5 3 7 0 7 C 

” Mg'h lie — > Si H- n; Si“> Al+e"^ (6) 

13 2 1-4 0 1-4 13 

The new radioactive elements thus produced 
weriH called radio-phosphorus, radio -nitrogen 
and radio-silicon respectively. Not content 
with a mere guess at the nature of the radio- 
active products thus formed, Curie and 
Joliot proceeded to establish their identity 
by chemical tests. This they were able to 
do, thanks to the radioactivity of the new 
elements. In all previous experiments on 


artificial transmutation, the chemical nature 
of the product could no^ be established 
because of the extremely minute quantity of 
the substance produced : in fact the product 
consisted of a small number of atoms and 
no chemical tests could be carried out on 
these. But the situation was now different ; 
although the new radioactive products were 
also present in equally minute quantities, 
their radioactivity w'as there to serve as 
an indicator. Thus if the new* products 
w'cre precipitated by any chemical reaction, 
the fact of their having been so precipitated 
could bo established by the circumstance 
that the radioactivity was now associated 
with the precipitate. In this way the 
chemical tests for phosphorus and nitrogen 
wwe applied and their formation in the 
processes represented by (4) and (.5) was thus 
proved. Thus for the first time, new' radio- 
active elements were produced and their 
nature securely established by chemical tests. 

Other workers were not slow* to pursue 
these investigations with various moditlea- 
tions. L. Meitner^ studied the reactions 
occurring when aluminium was bombarded 
by a-rays from Polonium and by means of 
Wilson cloud chamber photographs showed 
that aluminium is transformed in two w'ays 
as follow's : 

Si II .. (1^) 

13 2 1-4 1 

27 4 30 1 

and AH- He Si -r .. (2^7) 

13 2 14 0 

She also show'ed that the first of these re- 
actions takes place about four times as 
frequently as the second. This fact that 
aluminium disintegrates in two w'ays w'as 
utilised by Curie and Joliot to arrive at an 
estimate of the mass of the Neutron. A 
comparison of the above equations shows 
that if the energies of the proton and of the 
neutron and positron appearing on the 
right-hand side of (la) and (2rt) respectively 
are know'n, an accurate estimate of the 
mass of the neutron becomes possible with- 
out the necessity of accurately knowing the 
masses of the other nuclei taking part in 
the reaction. Thus if and are the 
masses of the proton and positron respective- 
ly, and W^, W«, W£+, W^ and Wp.', repre- 
sent the kinetic energies of the proton, 
neutron, positron and the recoiling silicon 
nucleus in (Iti) and (2«.) respectively, the 


2 Comptes Rendusj 1934, 198, 254 & 559. 


3 Natunviss., 1934, 22, 172. 
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mass of the lu-utroii 

==nip-me+ +W^-VV,,-Wei- H-Wu-W,,'. 
The mass of the iunit.ro ii was in this 
way found to be 1 -OOttL'. ddiis is hislier 
than Chadwick’s original value 1 -OOtiT 
and even liis revised value, ei~., 1'0080 

is less than the value tlius deduced 
by Curie and Joliot. The <iuostion of 
the mass of these particles is important 
since it helps to throw light on the question 
as to which particle is elementary and which 
composite, lleccutly, Wentzcl' lias shown 
reasons to believe that tlu‘ neutron may 
have a mass equal to that of the hydrogen 
atom ; we shall, however, not linger ovm- 
this topic here. 

A comparison of (‘quatioiis (In) and {2a) 
further show's that since in (to) we liavi' one. 

particle of spin l.f- emitted while in (2a,) 
there are two particles each with a. spin 
of we have, in order to satisfy the 

conservation of angular monicntuin, to 
assume that in (In) another particU^ of 

negligible energy, but with a spin of 

is emitted. This bypotludiical ])arti(*l(‘ ha.s 
been called an anti-neutrino just as tlu‘ 
similar particle assumed by to b(‘ 

emitted during /J-transformatious was call(‘d 
a neutrino. On d(‘ .Mroglie’s tlicory 
neutrino and an anti-neutrino togebber <‘. 011 - 
stitute a pboton of light. These, questions 
however cannot be elaborated here. 

Ellis and Henderson"' rei)eated tln^ (experi- 
ments of Curie and Joliot and confirnuHl 
their results. Coc'kroft, (}ilb(u*t and Walton'^ 
have employed artilicnally acetderated protons 
as missiles to produce new radioaiCd.ive 
nients, while McITendersoii, Livingst.on and 
Lawrence’ and CTance and Lauritsem'* ha vie 
used artificially accederated demtons and 
protons and produced other new radioactive 
bodies. A number of these emit positrons 
together with y-rays due to their annihila.- 
tion. Even more interesting is the work of 
Eermi^ and his collaborators. Wlu‘.reas t-he 
cliarged missiles sncli as ]>rotons, (lentous 
and a-particles employed by previous 
workers could be dir(^eted against light nu(d(d 


^ A^aturzaiss., 1935, 23, 35. 

5 Proc. Roy. Soc., A, 1934, 146, 206. 
G Nature. 1934, 133, 328. 

Phys. Rev., 1934, 45, 428. 
s Phys. Rev., 1934, 45, 431 and 497. 

^ Proc. Roy. Soc. A, 1934, 146, 483. 


only siiua''. tlu^ greater cha)rg(‘ on heavier nueU^ 
prevents these chairgXHl inissih's from hittin* 
the niudeus, Ecunni hit upon the idem. 0 ; 
employing luuitu-ous t.o bombard variou; 
nuclei. Tb(‘S(‘« iKuitrons, beving uiudia.rgeHl 
(.‘.an ])enet.rate evem tlu‘ In^jude^st niudei aiu 
syst(‘mati(* work by t\u*ini a-nd his eolla 
borators has result(‘(l in tli(‘ prodiH'tton o 
iK'W ra.(lioa:(*.tiv(‘ (‘l(‘m(mls from almost, al 
the (demuuii.s of t.iH‘ peadodic ta.bl(‘ iiKdiidiiij 
Uraniuin. In jiiosi. of t!u‘s(^ (-ases. a /3 
a(‘-tivity with th(‘ (‘mission of (d(‘(drons i 
()b,s(‘rv(‘(l. In soni(‘ (‘aiS(‘s, tlu' n(‘ntr()n (‘nl-(‘r 
tlu‘ sti‘U(d< nii(d(‘ns foraning a. li(‘a.vi<‘i‘ isolDfv 
of th(‘ saim*. Apa.rt, from th(‘ regnhirit ic 
whiedi t]i(‘S(‘ UiuMiors lia,v(‘ [K)int(‘d out., gr(‘a 
int(‘r(‘.st aittai(di(‘s lo t3udr (*Ia.ini, to iia.v 
produ(*ed (‘hmunUiS of aitomi(‘ numbers h 
and h-l . In most- (‘a4S(‘S, t.Iuy (‘staJ)Iishe< 
13ie na.tiUi‘(‘ of th(‘ radioa-e.t ivc‘ pi'odiicl s b 
(*.h(‘-mi(‘.a.l nudhods, but in th(‘ <‘as<‘ of (dt 
numts hd a.n(I IM, t.ludr c.omdiisions wen* 
(‘.all(‘(l in ((insstion ]>y A. v. (Irossm d'lit' 
found 1iha.t wlnni Uraiuium is l)ornba.rd(‘d b; 
neuirons, n(‘W ra.dioaiC'ti v(‘ prodinds of hah 
valiU‘.. ]>(‘riods, \l> n\ius. a.n(l 100 mins, wen* 
pro<ln(‘(‘d. ElHnnieniil i(‘sts W(‘r(‘ rnadt* |. 
a.ssur(‘ I !i(‘ms(dv(‘s t.ha.t. Iln*. new produel 
W(n*<‘ nol: isotop(‘S of known (denneni? 
(irosse*'^^ how(‘V<n* (*a.nn‘ to lln* ('omdusio 
tha.{' th<‘ <dHnni(*a.l rtnieldons <d>S(n*s’('{i wit 
tin* 1H‘W prodiu't s \V(‘r(‘ ehara-el orisl ie ( 
(d(‘in<‘nt numlxn* 01 (Ih-ola'Cliniiim) and tha 
Mi(‘ nundions \^hi<dl w<‘i*(‘ siqiposed by E(*ru 
t.o 1)(‘ oppos<‘d fo su<di a. comdusion were* tn; 
(‘.on(*lusiv(‘ at ah. In view, how<‘V(n*, (»f ( li 
im[)ort-a.ne(‘ of tin* ela.im put. ror\\nrd h 
lAnaui, Ij. IMenlann*'’ ha.s r<‘p(‘a.t(‘d tlunre.' 
p(*rim(‘nts a.nd by a. new a.nd d<‘(‘isi\ t* (diem 
(*.a.l t(‘(*hni(|mM‘staii>lisIuMl b(‘yond doubt tha 
tin* n(‘w bodi(‘S are* not. tdenmnits of a.lorn; 
numb(‘r l(‘ss l.lia.n Oli a.nd i.lmt (lie [irodin 
of j)(n*iod Id mins, is most proba.bly (denntn 
,No. 9d ; aiiid since* Inn* (‘X fan’inunits slur 
that t.lu* l,t)0 mins, prodm*!- is md- an isoto] 
of th(‘. id mins, produc-l., the* loug(n*-Iive 
prodiud. must. Ix* (denmnit. Jdo. 01. Wind la 
tin*, new (d(nn(‘nt.s beyond Uranium (In 
})r()V(‘.d to (‘xisi' a.r(‘ siinihu* to Khieniium an 
Osimuru or wind. Inn* they bedemg to 
family simihu* to t he*. raii*(‘ (nu'l lis, is a. eparsl iei 
which is awa.ithig solution. 

The (lis(M)V(n*y of (hirie* and rJoHot h; 
thus led to inipeirt.a/iit. re‘snlt.s wlnhdi a.re^ sui 
to increa.S(‘ our knowIeMlge* of luuden an 

10 Nature, 1934, 134, 773. 

Naturzeiss., 1935, 23, 37. 
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atoms ; we must, however, before closirio-, indicators in studying biological processes, 
refer to the practical utility of their discovery Both of these happy ideas promise to pro- 
which Curie and Joliot have pointed outd- duce lasting good to humanity and we may 
The new artificially produced radioactive be confident that the important discoveries 
elements and their radiations may in the of Curie and Joliot will be followed up and 
near future displace the costly radium for lead to advances of cital importance in 
therapeutic purposes, and minute traces of times shortly to come, 
these radioactive bodies may be utilised as 

Baluchistan Earthquake of May 31, 1935. 

By Br. S. C. Hoy, m.sc. (Cal.), o.sc. (fond.), 

Colaba Observaton/, Bombay. 

B AEELY seventeen mouths have passed of the Baluchistan earthquake as can be 
since the occurrence of the disastrous gathered from the records of the Colaba 
earthquake in Bihar and Nepal, and India is Observatory alone. 

again sorely stricken by another calamitous Colaba Milne-Shaw seismograms of the 
earthquake in Baluchistan. Tlie present Baluchistan earthquake are reproduced in 
note gives such preliminary information Fig. 1 (N-S component) and Fig. 2 (E-W 
regarding the focal region and the intensity component). The preliminary and the 



Fig. 1. 

Colaba Seismogram of Baluchistan Earthquake, May 31, 1935. Milne-Shaw North-South. 


•2 Radioaciivite Artificielle, Hermann et Cie , Paris, 1935. 
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Max. 



Fig. 2. 

Cclaba Seismogram of Baluchistan Earthquake, May 31, 1935. Milne-Shnw East-West. 

seconda,ry wavos of shocks originatJng- in tiic 
upper layer or crust of tlio eartli travel to a 
near station in tljrec distinct paths. Tlic 

six pha.ses P, P, P, S, S and s" appear to 
be identifiable on the Colaba seisniograins of 
the .Baluchistan earthquake' as in the ca.se of 
the North Eihar earthquake.^ The develop- 
ment of destructive surface Avaves also siij)- 
ports that the focal region of the Baluchistan 
shock Avas shalloAV in depth. An estimate, 
of the actual depth can he made only Avhen 
it is possible to scrutinise and study th<‘ 
records from other Indian seismic stations. 

The S-P interval at Colaba is 2 mts. 21 secs, 
giving an epicentral distance of about 
1.300 krn.s. The first preliminary tremors 
be^in with an impetus of 5-2^ towards 
south and 2 -3 fi towards east giving* the 
direction of the focal region as 333°. These 
data would locate the focal region of the 
earthquake roughly about 10 kilometers to 
the south of Quetta. The origin time of the 

1 Cun\ Sci., May 1934, 2, 419; and Jan. 1935, 3, 298. 


sliock is (‘al('ii[ait(‘(l to b(‘ 3 lirs. 2 m(s. l.‘> .s(‘c^ 
I.kS.T. 

An (‘stiniai.(‘ oHiu^ emugy of (lu* Ihtluchi.^ 
tan (‘artii(jua.k(‘ c;in Ix^ from ih 

(\)lcd>a/ r(‘C()j*ds by using ;ii roniiul 

given by Dr. Diirold JedTreys.- calci! 

latiiig (UHM’gy of tli(‘ Pa.mir lOarthquak 
of F(d)rua.ry I.S^ .1011, Dr. didTreys iia 
shown tlmt Mu* major padd- oi’ Mu* <‘Hef’g\' a 
an (‘artluiuackc*. is e.a,rri(*d by Mu* Kbiyleig 
wav(*Sj th(*. eontidbution rroni Mu* longil iidi 
na] and tlu* disliOid ionaJ waiViss being oal 
a luw j)(vr <‘(*nt. of tlu^ (‘ontribntion by Mi 
long wav(‘s. Ibu'rgy in a Kbiyhdgli wa^a* i 
tlu* saim* as if tilu*r(‘ w(n*<* no veid ieaJ luotio: 
and the horizont-ad motion laid tb(‘ sain 
amplitinb^. a-s a/t tlu^ surbiei* down to a. d(‘pM 
A, wIk*!*!* a is th(^ Ava.V(^»l(*ngMi 
The total (uuugy (‘.rossing a small ('ireh* a 
distance A from tli(‘ origin is 

E - SttMI sinAp/-,|;'b'df 


2 M. N. Gco.-SiippL, January 1929, 1, 22~3I. 
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wiu^re il Badius of the earth. 

A Epicentral distance in degrees 

of arc. 

p = l^ensity of the earth’s crust, 
a ^ Amplitude of the earth’s hori- 
zontal motion. 

T ™ Period of the long wave, 
and V Velocity of propagation of long 
waves. 

hlow taking 

p. =^() . 4 . xlO® cms. ; p-=^S ^0 gm./cni.*^ 
and V - 3 ~ 0 x 10 ^ cm. /sec. 
we liave 

E 4 . .3 X 101’ sinA X J~dt. 

Tlu‘ average value of T at Colaha for the 
lkdueliist.au earthquake is about 12 s. and 
talking tlu^ average velocity of long waves as 
k.m./se(*-. -we find that H — 4 x 10 ® cms. 
Also from the seismograms the value of 


b>02 cm.ysec. The energy of the 

Baluchistan earthquake thus works out 
to be about TxlO^i ergs. The Colaba 
records of the North Bihar earthquake of 
i January 15, 1931, were not satisfactory but 
i a rough estimate for that shock gives the 

I value of near about 0*2 cm-, sec., 

i leading to the approximate value of 7x10-- 
I ergs for its energy. Bihar earthquake was 
I therefore about 10 times more energetic 
than the Baluchistan earthquake. This 
, conclusion is also supported by the fact 
; that the maximum amplitude of earth's 
, motion at Colaba was greater tliau 1300 ^ 

I in the ease of the Bihar earthquake while 
it is only about 100 u for the Baluchis- 
tan shock. But the most unfortunate thing 
about the Baluchistan earthquake has been 
its occurrence during the early hours of the 
morning with consequent heavy death-roll. 


The Progress of Work in India on the Embryology of Angiosperms. 

By Dr. P. Maheshwari, d.sc., 

Agra College. Agra. 


TN VESTIGATIONS on this subject started 
in this country only about fifteen years 
ago, but the number of annual contributions 
since then has been steadily increasing, 
Tli(^ purpose of this article is to give a brief 
r(‘vi(‘w of this work and to consider, if 
possibk^, some of the lines of research that 
may be most profitably undertaken in 
riitiir(‘ by students of embryology in this 
coiuitry. Some judgment has been exercised 
in t]H‘' selection of papers and a few in- 
vi^stigatioiis dealing with purely cytological 
st.ndies have been left out, but otherwise 
the review is complete, and as far as the 
writev is aware, no important papers 
liave been omitted. 

The first observations of this kind were 
published from Allahabad by KenoyeP (1919) 
who, while describing the dimorphic carpellate 
flowers in Acalyplia indica L., noted the 
obturator, the beak-like tip of the nucellus 
and a few stages in the development of the 
embryo sac, which were, however, quite 
insufficient to permit definite conclusions. 

Dastur- (1922) in an investigation of 
Ilydnora africana Thumb., an interesting 
parasite, material of which had been collected 
from South Africa, writes that the ovules 
are orthotropous and have a single integu- 


ment. The megaspore mother cell is hypo- 
dermal and directly gives rise to an 8 - 
nucleate embryo sac of the Lilium-tyije. 
The most notew^orthy fact is that the pro- 
embryo consists of a long chain of cells, 
of which the middle region gives rise to the 
embryo proper. These observations are of 
great interest, but it must be pointed out 
that the material w^as probably insufficient 
for a critical investigation and, as Sclinarf-^ 
(1931) has pointed out, the statements need 
confirmation. 

Tiw’ary^ (1926), from Benares, made the 
interesting discovery of polyenibryony in 
Eugenia jmnbol ana, the extra embryos arising 
from the position of the egg apparatus 
or from the nucellus. It is also stated the 
original embryo sac sometimes becomes 
prised out and obliterated, while some of 
the nucellar cells appear to be on their way 
to form embryo sacs. It may be mentioned 
here that recently Pijl-^ (1934) has published 
the results of a detailed study of^ poly- 
embryony in several spp. of Eugenia and 
his observations differ in some respects 
from those of Tiwary. 

Tiw^ary and Eao^ (1934) have traced the 
development of- the embryo sac in another 
member of the Myrtacex, Callisternon lineans, 


600 


CURRENT SCIENCE 


[June 1935 


wliicli follows the normal course laid down 
for an ^^io sperms. 

From tlie same laboratorj^, Joslii'^ (1933) 
made a few observations on megaspore 
and embryo sac formation in Argemone 
mejieana L., and these were supplemented 
by Eose and Banerji.^ The development 
is perfectly normal, but the antipodal cells 
attain a specially large size. Joshi’s state- 
ment that endosperm formation may begin 
even before fertilisation needs more criCical 
study. 

Joshi and Eaman Eao" (1934) made some 
very interesting observations on the embryo- 
logy of Ti nos pom cordifolia Miers. The 
development of tlie embryo sac is quite 
norma.], but there is no fertilisation and. all 
tlie nuclei except tlie polars are said to 
degenerate. Endosperm formation continues, 
but no embryos could be seen even in mature 
seeds. These observations were immediately 
subjected to comments and criticisms (Sahni,'^ 
Tiwary’) and the presence of seeds wuth 
noimal embryos lias now been reported 
from Agra (SiiigiU), Bangalore (SeshagirialF) 
and Ahmedabad (Ajrekar and Oza^). Cases 
of parthonocarpic fruits are on record and a 
condition as described by Joshi and Eaman 
Eao is entirely possible, but as suggested 
by Singh it is more likely that in the ]mesent 
case the egg does not degenerate but develops 
parthenogenetically. Further observations 
on the embryogeny of this plant will be 
awaited with interest. 

. Joshi and Venkateswarlu® (1933) call 
attention to the peculiar behaviour of the 
synergids in Ammania baceifera L. The 
embryo sac develops in the usual "way, but 
the synergids arc persistent and begin to 
enlarge, iheir nuclei divide amitotically, 
the lateral walls dissolve and the two cells 
fuse to form a 'bsyn-synergid”, which per- 
sists like a multi-nucleate collar round the 
snspensor of the growing embryo. 

Naithani^ (1933) from Allahabad, working 
on the life-nistory of JDigera arvensis Forsk., 
found that the pollen grains are 3-nucleate 
at the time of shedding, and the megaspore 
mother cell gives rise to a row'- of 3 cells, of 
which the chalazal produces the embryo sac. 
A few months later Joshi and V. Kao^^ 
published a more detailed account of the 
same ]jlant. The pollen grains are reported 
by them to be usually bi-nucleate and some 
variations liave been recorded in megasporo- 
genesis. It has been stated that 2, 3 or 4 
megaspores may be formed and some other 
interpretations have also been offered, that 


are now' shown to be incorrect by Puri and 
Singh. 

At Calcutta a large amount of wu^rk in 
this line is being done by Banerji and liis 
students, xigharkar and BanerjF^ (1930) 
inv^estigated the development of the embryo 
sac in Carica papm/a. and found that a normal 
linear tetrad is formed and as usual (*.lie 
chalazal megaspore gives rise to an octo- 
nucleate embryo sac with ephemeral aiiti- 
podals. It must be iiointed out that accord- 
ing to I-Teilborir‘= (1921, 1938) all the 4 
megaspore nuclei (unsoparated by w'alls) 
take part in the development and usually 
only one of tliem divides again, resulting in a 
5-nucleate embryo sac. In view of t}H 3 
differences between these observations and 
those of previous authors like Krpdzer"'- (1918) 
and Usteri'^' (1907), it seems prohtable to 
reinvestigate the plant using material from 
as many different sources as possible. A 
feature which deserves further attention is 
the frequent formation of fruits even ■^vithoiit 
male plants in the vicinity and the occasional 
presence of parthenocarpy. 

Banerji’s^^ work on the life-history of jute 
(GorcJiorus olitorius and C. capsularis) is a 
welcome addition to onr knowledge of the 
Tiliaceae.. It is remarkable that even in an 
annual plant like this, groAving in a tropical 
climate, the first division of tlie egg occurs 
12-16 days after pollination. The same 
author has also studied the development of 
the female gametophyte of Colocasia anti- 
quorum Schotl*.,^ with, a view to discover the 
causes of sterility in this plant. It was 
found that although degenerations start as 
early as the megaspore mother cell stage 
they are most common after the megaspores 
have been formed and sections of open 
flowers invariably show' erninxded ovules 
without any embryo sacs. 

Banerji and BhadurF^ (1933) have, recorded 
the. presence of false polyemhryoiiy in 
Nicotiana plum>baginifolia and also found 
some early stages of nuceHar enibryony in 
Petunia and WWiania. BhadiirF^ (1932) has 
given a detailed account of the life-history 
of Solarium melongena and another paper 
dealing with several other members of the 
family belonging to the genera 
Physalis, Withania, Datura, Cesirumj Nicu- 
tiana. Petunia, Salqnglossis and Brimfdsia, 
is in the press. The same author has also 
observed an interesting peculiarity [first 
noticed by Miss Ferguson^' (1927) in Petunia] 
in a tomato strain grow'n in the experimental 
grounds of the Calcutta University. It is 
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stated tliat the fusion nucleus divides, before 
the opening of the flower, to form a small 
micropylar and a large chalazal chamber. 
After the discharge of the pollen tube, one 
of the male nuclei fuses with the egg and the 
other with the endosperm nucleus in the 
micropylar chamber. This results in the 
formation of two types of endosperm cells, 
some with the triploid number (derived 
from the micropylar cell) and others with 
the diploid number (derived from the 
unfertilised chalazal cell). 

From the same laboratory, Eoy^^ (on 
PacJiyrMzuSj Cajanus, DoUelios^ Fisum and 
Latliyrus), Datta^® (on Cassia tora) and Palf 
(on Tamarindiis indica) have made valuable 
additions to our knowledge of the Legu- 
minosse. The statement that in all the plants 
mentioned above(except Lathyrus), no parietal 
cell is cut off and the archesporial cell 
differentiates in the third layer of the nucellus, 
needs more critical observation. It seems 
more likely that it is actually hypodernial 
as in the other members of the family, 
but becomes clearly distinguishable only 
after having cut oft* a wall cell and attained 
an appreciable increase in size (see remarks 
by Singh and ShivapurT^, p. 429). S. Datta^ 
has made some interesting observations on 
the embryogeny of two spp. of Nola>na. 

At Bangalore, I)r. M. A. Sampathkumaran 
has given a great impetus to such work. 
Kao^^ (1932) in a preliminary note on 
Balanoplwra indica states that the develop- 
ment of the embryo sac in this plant resembles 
B. globosa described by Lotsy* (1899). It 
must be mentioned here that very recently 
Ekainbaram and Panje^^ from Madras have 
published their observations on a sp. of 
Balanoi)liora collected from the Coorg- 
Malabar forests. Unlike other spp. of this 
genus, investigated by Treub* (1898) and 
Ernst'’' (1914), this one seems to have a 
normal sexual cycle with an embryo sac 
arising from the micropylar megaspore of a 
tetrad and with strong evidence of fertilisa- 
tion. The female gametophyte is U-shax>ed 
with 4 nuclei in each end, biit those destined 
to form the antipodals and the lower polar 
nucleus fuse among themselves to form a 
large irregular nucleus. The endosperm 
arises from the upper polar nucleus and the 
fertilised egg divides longitudinally. 

Seshagiriah (1932i^, 1934^) has made some 
very interesting observations on the life- 
history of Zeuxine sulcata Bindley, a marsh 
orchid. Degenerations are found to be 
of frequent occurrence in the anthers and 


the second reduction division is entirely sup- 
pressed, resulting in the formation of "’dyads 
of microspores”. The nucleus in these cells 
divides to form the tube and generative 
nuclei, but the x)ollen grains soon degenerate. 
In some pollinia the heterotypic division 
was found to show certain abnormalities in 
the presence of several spindles which result 
in the formation of supernumerary nuclei, 
but none of these is functional. The mega- 
spore mother cell undergoes the usual reduc- 
tion divisions and forms a linear tetrad of 
megaspores. A peculiar feature is that all 
four cells of the tetrad directly function to 
form an embryo and additional embryos 
arise from divisions of some nucellar cells. 
In a friendly letter to the writer, the author 
states that an actual reduction of chromo- 
somes is accomplished during the formation 
of megaspores and both micellar and mega- 
sporic embryos persist in mature seeds. 

From the same laboratory Narasimha 
Murthy^"^ (1933), working on Llmnopliyton 
obtusifolium Miq., finds 3-nucleate pollen 
grains with two male cells, an 8-nucleate 
embryo sac developing according to the 
"'Scilla-ty]ie” and a delayed triple fusion. 
The same author lias also studied the life- 
history of Ottiiia almnoldes,'^ which is 
similar to other members of the Ilydro- 
charitacem, except in having 2-nucleate 
pollen grains and a hypodernial archesporial 
cell which is said to function directly as the 
megaspore mother cell, xinother feature of 
interest is that sometimes the microspores 
form linear tetrads in addition to the usual 
isobilateral type. 

Rangasamyi^ (1934) has worked out the 
life-history of ValUsneria spiralis, but this 
investigation seems to have been carried out 
in ignorance of the jirevious studies of 
Burr^' (1903) and Wylie’'^' (1923) on this 
species. 

Laksminarasimha Mur thy (1934) has 
studied the life-history of four members of the 
Commelinaceai : Cyanotis cristata, Gyanotis 
axillaris, Aneilema spiratum and Zebrina 
pendula. The presence of needle-like crystals 
and mitotic divisions in the tapetal peri- 
plasmodium is of interest. After fertilisa- 
tion, the narrow’' antipodal end of the embryo 
sac pierces deej) down into the nucellus like 
a haustorium. The young embryo is merely 
a spherical mass of cells corresponding to 
the '"Pistia-type” among monocotyledons. 

Srinath^ (1934) reports the usual type of 
embryo sac in Herpestris monniera, charac- 
terised by an absence of wall cells and the 
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formation of an integumentary tapetum, as 
is general among the Sympetahe. The first 
division of the primary endosperm iiuclens 
is followed by a transverse wall, separating 
the embryo sac into two chambers. , The 
nucleus of the chalazal chamber divides only 
once and this part develops directly into a 
2-nncleate chalazal haustorium. The micro- 
pylar chamber gives rise to all of the endo- 
sperm and a micropylar haustorium composed 
of four uni-nucleate lobes. 

Kausilv'^ (1935) has investigated the life- 
history of Utricnlaria coerulea L. The 
development is essentially similar to that 
described by Wylie and Yocom* (1923) in 
U, vulgaris. In both spp. the fertilised egg 
sends in a tubular prolongation, and the 
endosperm gives rise to both micropylar 
and chalazal haustoria, which take an 
active part in the absorption of food 
material. 

The EutaceiU. is perhaps the first family 
in which polyembryony was discovered and 
Chakravarthy’^ (1935) has added Murraya 
hoenigi to the list. The supernumerary 
embryos, which are derived from the 
adjoining nucellar cells, are usually distin- 
guishable from the egg-embryo by the 
absence of a suspensor in the former. Most 
of them get arrested in their development 
and only 2 or 3 form cotyledons. 

Prom Agra, a number of papers have 
been published by Maheshwari and his 
students. Johrfi® has investigated the life- 
history of Limnophyton obtusifolium and 
the chief difference between his results and 
those of ISTarasimha Miirthy is that 
according to the former most of the 
embryo sacs are only 6-nucleate (the 
latter author found them to be 8 -nucleate), 
as the two chalazal nuclei usually do not 
divide after the 4-nucleate* stage. He has 
also reported a similar behaviour in Sagit- 
taria sagittifolia,'^^ 8. guayanensis'^'^ and 8. 
latifolia.'^^ That the embryo sac of the 
Alismacese. develops according to the Scilla- 
type and is as a rule only 6-nucleate, is also 
supported by the observations of Dahlgren 
(1928*^', 193421) on various other plants of 
the family. Johrpi (1934) traced the deve- 
lopment of the male and female gameto- 
phytes of Guscuta refiexa Eoxb. Peters’* 
(1908) statement on the absence of a middle 
layer in the anthers of Guscuta is contradicted. 
The pollen grains were originally reported 
as 2-micleate, but sections of older flowers 
recently cut for further study, reveal that 
the generative cell divides to form two male 


cells before the opening of the anther. The 
same author^ has also studied the develop- 
ment of the gametophytes of Berberis 
nepalensis Spreng., and has called attention 
to the similarities between this family and 
the Eanunculaeea\ In another note, which 
is to be published shortly, he reports the 
presence of a 16-nucleate embryo sac in 
Aealypha indica, developing in essentially 
the same manner as was described by Miss 
Stephens* (1909) for the Peneacea', but 
several variations have been found ■with 
regard to the number of polar nuclei entering 
into the composition of the fusion nucleus. 

P>hargavai-'^ (1932) published an account of 
the life-history of Boerhaavia repanda^ which 
is essentially similar to B. diffusa, described 
earlier by Maheshwari.^® The same autlior^^ 
has also studied the life-histories of MoUugo 
nudicauUs and Trianthema monogyna.f In 
both cases the development is normal, but in 
MoUugo the pollen grains were occasionally 
seen germinating in situ, and a tiiird integu- 
ment (hitherto unreported in the family] has 
been seen in the ovules of Trianthema. The 
same author has found that in E. erecUi,^^ 
the tapetal cells form a periplasinodiiim and 
the pollen grains are 3 -nucleate. The embryo 
sac develops normally, but there are some- 
times only two antipodal cells, one of which 
is 2-nucleate. Later, the number of nuclei in 
the antipodal cells may increase, so that 
each is many-nucleate. 

Purpi (1934) has reinvestigated the deve- 
lopment of the embryo sac and embryo of 
Moringa oleifera and he finds that the pre- 
vious observations of Eutgers,* recording the 
presence of a 5-nucleate embryo sac ancl free 
nuclear embryo in tliis plant, are unfounded. 
As a matter of fact, the embryo sac is of 
the usual 8-micleate type and the first division 
of tlie egg is followcni by wall formation as in 
other angiosperms. Occasionally the number 
of free nuclei in an embryo sac is more than 
eight, and some abnormal ovules with paired 
nucelli liave also been seen. A feature of 
special interest is the presence of integu- 
mentary vascular bundles in the ovuies. 

Gupta^o ( 1934 ) described the develop- 
ment of the male and female gametophytes 
in Potamogeton crispus, and in another note, 
to be published shortly, he has reported 
some interesting variations in the life-history 
of Wolffia arrhiza.f Here the anther con- 
sists of only 2 loculi, parietal tissue is reduced 
to the endothecium and tapetum, and the 
pollen grains are 3-nucleate. The tapetal 
cells become amoeboid and wander into the 
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ainMi<‘r locailu.s, while the epidermis disappears 
(*.<)rni)I<d.(‘ly maturity. The development 
of th(‘ (‘lubryo sa(*. is of the 8eilla-type and 
Mi(‘ a.uti|)odals and synergids are very 
(‘})h(‘nH‘ra>l. ddie nueelliis is absorbed at an 
(‘a,rly stagv, for a cap of cells which 

[XM’sistaS at i.lie top. 

Singh and ShivapurF (1935) have studied 
lh(‘ d(^v(d()])inent of the gainetophytes of 
Ncptunia olcracca and Capoor’^ has done 
th(‘ sa.nu^ for Ulmus integrifolia. The latter 
fuis shown beyond any doubt that tne 
(‘mbryo sa,c in (Umus is of the normal type, 
arising from the ehalazal megaspore of the 
t.d.rad. This M(‘(*.essitates a reinvestigation 
of IL (Wirrlrana^ wliicli is tlie only plant in 
tti(^ orden* Urticahss, tliat has been reported 
to haiV(‘ a Ijilium-type of embryo sac 
(Shattauh,- 1905). 

Ma.h(‘s]iwa.ri‘‘^ (1929) gave an account of 
tli(‘ lif(‘-liist,ory of Boerhaa'ma diffusa. The 
polhm grains wer(‘. originally reported to be 
2mu(‘l(‘aite, but reeumtly some 3-nucleate ones 
ha.vc^ also heem seum. The ovule has a beak- 
sliapc^d nueehlus provided with a single 
int(‘gnm(‘nt, and th(‘. pollen tube travels 
down to lh(‘ bauS(‘ of the funiculus and then 
t.nrns int.o tlu^ t.ip of the nucellus. The number 
of a-nt-ipodal (*(‘lls in(‘reas(\s to (> or 7 after 
tert ilisahion (mor(^ rcu'ently, Bhargava has 
K(‘(‘n that' in B. repanda this can happen 
(‘V(m b(‘for(^ fm'tilisation). The endosperm is 
fr(‘(‘ nu(‘h‘ar a,nd the embryo is provided with 
a. short but' massive suspensor. 

*Mah(‘shwa,ri and vSingh^ (1930) found that 
in Aspkodrlus ivntdfoikis the embryo sac 
a'ris<‘s in th(^ normal way, but a third integu- 
numt. b(‘gius t'O develop at an early stage, 
a'hnost' ent'irely (mdosing the ovule after 
IVrl ilisa'tion, in a later communication, the 
hrsl. aul'hor r(‘ports tliat tlie endosperm is 
not fr<‘(‘ nucl(‘a'r, but of the Ilelobiales-type. 
In a'liol'lnn* pa-per, tlie same author has 
(h‘se,rib(‘(l staiges in tlie life-history of 
OpJhlopiujon. ivalUchlanusf^ Hook, f., a member 
of th(‘ ’ fa'inily irannoderacese. The life- 
hist-ory follows the normal course, but a 
primary wall (adl may or may not be cut 
off in t'h(‘ ovules. 

Ma,h(\Hhwari tried to find out the cause of 
th(^ abortivtmess of such a large number of 
flowers in Albizzia lcbbc¥^ and Ilangifera 
indiea'^ and found that in both cases it was 
(hw. to widespread degenerations occurring 
at almost all stages in the anthers and ovules. 
The study of the life-history of the latter 
confirms the observations of Juliano and 
Cuevas^^ (1932), but the poUen grains are 


3-nucleate at the time of shedding. The 
fertilised egg remains undivided for a long 
time — till about a thousand free nuclei 
have been formed in the endosperm. 

Maheshwari and Gupta"^ (1934) have stu- 
died the development of the female gameto- 
phyte of Ludivigia parviflora and Jussieua 
repens. In both cases a linear tetrad of 
four megaspores is produced, but usually the 
micropylar functions. Sometimes the chala- 
zal may also enlarge and occasionally some 
tetrads resembling an inverted '"T” were 
seen in Ludwigia. The mature embryo sac 
is only 4-nucleate with an egg apparatus and 
a single polar nucleus. Sterility of the 
ovules was common and in lAultcigia several 
cases were encountered, where both nucellus 
and embrjm sac had degenerated leaving 
only the integuments. 

In a short note Maheshwari^ has reported 
that in HydriUa veriieillata the anther- 
tapetum becomes amoeboid, the pollen grains 
are 3-nucleate, the embryo sac is of the normal 
type, the endosperm of the Helobiales-type, 
and the embryo more or less resembling that 
of Alisma. Occasionally two paired nucelli 
were seen, each with its own inner integument, 
but enclosed within a common outer integu- 
ment. 

Maheshwari and Singh’ (1934) have in- 
vestigated the life-history of Oonrm.elina 
henghalensis, a common annual weed with 
white cleistogamous flowers developing under- 
ground and blue aerial flowers enclosed in a 
spathe. Of the three aerial flowers usually 
occurring in a spathe, one is male and two are 
hermaphrodite ; of the latter, only one 
opens while the other is cleistogamous like 
the underground flowers. A true periplas- 
modium is present in the anthers and 
the presence of crystals of calcium oxalate 
in this is noteworthy. The nucellus forms 
a beak-shaped outgrowth, which comes up 
to the level of the micropyle. An important 
point is the presence of a normal tetrad 
of four rnegaspores, although it was previously 
considered that the development is of the 
Scilla-type (Guignard,* 1882, on C. sir iota). 

At Ajmer, Mathur’ has been working, at 
the writer’s suggestion, on the life-history of 
Convohndus arvensis. The cutting^ ofl of 
a primary wall cell in the nucellus is a fact 
of interest, as there are very few cases in the 
Sympetalse where the hypo dermal arche- 
sporial cell does not directly function as the 
megaspore mother cell. 

At IsTagpnr, Eicharia^ (1934) has been work- 
ing on the development of the stamens in 
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several Asclepiads and it. is ri^pertcMi tdiat 
in spp. of RemUUmnuH^ Cri/iytostcgla and 
Gryptolepis tliere are four sp()rani>‘ia. in <^a(di 
stamen, while Calotropi^, Dcvmia, IJ olostrmma 
and Pergulana liave only two. In all cases 
except Cry pUMegla and CfypiolcpiH^ the 
micros])ores are arranged in the fonn of 
linear tetrads. In tlie last two genera, 
where the arrangenient is tetrahedral, the 
pollinia are not well organised and form only 
a loose mass. 

At Coimbatore, Dutt and 8nl)ba 
(1933) have investigated the dev(d(>i)ment 
of the embryo sac and embryo of sugare-am^. 
An abnormal case of an embryo sac with 
reversed polarity, pollen tubes with four male 
nuclei, and one case of polyembryony are 
recorded. In two cases it was seen that 
a few divisions had taken ])lace in th(‘, egg, 
although the primary endospcnmi nucleus 
had not divided. 

Investigations in Progrp:ss. 

The above is a summary of what has been 
done, but several papers are in the prcsss and 
many investigations arc^ in progr<\ss. 

At Benares, Tiwary is continuing Ids 
studies on the Myrtacc^ic. and has startl'd 
additional work on tlie embryogeny of 
several ConvolvulacecC. Tiwary and Misra 
are studying the causes of sterility in // iburits 
rosa-Hincmu^ and Kao lias almost, (completed 
his work on the embryo sacs of M(vrua a.nd 
Antigonon. Joshi and Y<‘nkat(‘swai‘lu have 
completed tlieir work on Anmania hacclfmi^ 
and the first autlior is eontinning furtlnvr 
work on several plants of the Lythra-iuTC, 
Amaranthacerc and Pliytolacc'.accTe.. 

At Calcutta, Banerji has comphd-ed his 
investigations on tlie embryology of Arachls 
hypogea and Typlion kim tiilohaimn, and 
Samal has done the same', for (h'()lalaria 
jmicea. Das is working* on TrlehoHanthcH 
(lioiea ; E. A. K. Banerjee on Capslvmrh 
annwum ; Iledayetnllali on some nu'.mbm's 
of tlie Capparidacu'ie ; Datta on the 
Nymidia^aceic ; Roy on Aloe vera and sonu^ 
LeguminosiP ; and Eliadiiri on seve'ral plants 
of the Solanaceau 

At Agra, Capoor is working on tuc em- 
bryology of Carica papaya, IJrginea indica 
and some members of tlie Urticrales ; Puri 
on Anona squamosa and Moringa ; Bhargava 
on the Lorantliaceae. and Capparidacoic ; 
Johri on the Eiiphorbiacea?- and Butomace^e ; 
Gupta on the Lemnaceje ; Singh on the 
Onagraceae and Amaranthacem ; and 
Maheshwari on Hydrilla and Tamarix. 

At Nagpur, Mrula and Gadkari are work- 


ing on the embryology of som<‘ Ascdepiiids 
and at Ajmer, M/athur has starlied sonu 
work on the life-history of Vogd'ui Uidlva 
In the South, ICkambaram and lhinj(‘ an 
working on Balanophora, K.agiiava,n oi 
Gleovie, Heshagiriah on tin' Orehidaeise 
Cliakravarthy on th(‘ lIutacM'a', and Jjaksmi 
narasimha Murthy on sonu' of tlu^ Com 
melinaceau 

hhcnutio OirrcooK. 

So far, the iloral ehara.<'t('rs of juigiospen'in 
liave been rc'garde'd as the rnosi. ndiubl 
taxonomic guide's. Wfiilt' this may h 
true, it is no longe'.r fiossibh' to ignore' ollu^ 
factors. It' is now Ix'ing inc.r(‘a.singiy r(';ilis<*i 
that an approaedi t,o a. na-tural syste'm o 
classitication can Ix'. ga.iix'd only by n. stud; 
of the plants in tlu'ir (‘iitin'ly. It is (faiige'i 
ous for speeialist-s to go on cla-ssi lying am 
rearranging [ilants nu'n'ly on t.h(‘ Ixisis o 
one set of chara.e.t('rs with which Mu'y ar 
most familiar, ddu' ('lying lu'evl of Mu' da; 
is a classitu'ai.ion, whiedi a.lso t:i,kt's iut 
consideration, ('mbryology, wood a-na.t om\ 
and tli('. vas(Mila.r supply to Mu' lloral organ.** 
In future, any atle'iiijit,, which dot's no 
take tlu'st' faxdors iiit.o a.('count, will h 
look(‘d upon with ha.lf-lieairt.('(hu'ss. 

A study of t.h(‘ ('xistiiig liP'ra.t un' n*\a‘aJ 
that, among t.lu' ra.niili<'s found in Indij 
tluu'e is a gr('a.t. d('a.rtli of iiiformait ion wit 
regard to t.he Menisp(‘niia.cea‘, I )ill(*niat'<*a 
Bixa(‘.('a'., Khicourl iaict'a', Sapinda.(‘('a', Diplt'n 
carpaiM'm, < V)mhn'tn.('('a', IMii/aiphorat't-i 
8onn(*ral.ia.('('a'., Ala.ngia.c(‘a', Punitmet'a*, Bf)n 
ba(‘.a(*('a'., Sima.rnl)a.c(‘a', Sn.polaiM'a*, Salvi 
dora(*<‘ie, aiiid ot.Iu'rs ; whih' tlu' Pip(*ra('e;i 
Saiit.ahict'a', I airaiiilha.cea', Bahmo phorat't'ji 
Fun 1 a.r iuK •( ‘a ' , Kb ‘s< ‘t h ic< 'a ‘ , 1 ^ > 1 1 os I o i u a < a 'i i 
Malpighia.(‘('a'., Thy im'lanaita'a', iClal inca 
Plunil)agina,(*.('a‘. a.nd Pa.nda.ua,(H'a‘ luivo yiiddf 
su(di (‘.xee'pt.iona.l rt'suKs in tlit' pasi, th: 
furtlu'T invt'st.igadions on tht'st' would I 
wadcamu'. Among s[X‘(*ia.I gt'ix'ra., whit 
dt'.servt'. a. frt'sli st.udy. tht' folio vving may 1 
mentionc'tl [Kirt icnla.rly : Leunnr, i'dslii 
Pandamis, Najas, ([qprlpvdi tun, Typin 
Oasuarlna, Halix, Optntiia, (Uxluvian, Bupito 
bla, Oareltila aiud Zizyithtis, 

TlK'rt'. a, Iso rtnnaiin a. niimht'r of oi 
fruit tri't's a.iid (vro]) plants, wliit'h must I 
investigatt'd bot.h morplioIogicaJly a.nd cylt 
logically before t.Iu' ])rin(*i])l(‘s of scicutil 
plant breeding c.an Ix' a.ppli('d to t lnuu wit 
confidence. It is trut' that most of tin*! 
plants will not yit'ld results of sucli ataidtmi 
importance as those suggested above, bi 
they might lead on to discoveries from whic 
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the country may reap a benefit running into 
large sums of money. 

Some real difficulties have for a long time 
formed a bar to rapid progress in this work. 
One of these is the difficulty of obtaining 
properly fixed material. At present a person 
who wants to do such work, has to limit 
himself to such plants wiiicli grow in his 
neighbourhood, although actually he is 
often interested in investigating as many 
representatives as possible of a special family 
or order, with which he has gained most 
familiarity. A second and more serious 
difficulty is the paucity of literature in this 
country. Much time is spent in searching 
for the necessary references and some authors 
actually engage themselves in such work 
without knowing Avhat has already been 
done on the particular family or genus in 
which they are interested. Those, who 
know the literature and maintain some sort 
of a card index to keep in touch with current 
papers, find it difficult to procure the original 
references for study. The only way bo avoid 
this difficulty is to encourage the exchange of 
reprints and journals among responsible 
workers. It is a pity that those persons, who 
are themselves favourably placed with regard 
to this matter, are often very conservative in 
lending literature and do not realise the 
difficulties of others, who have to fall back 
to a great extent on their private resources 
for purchasing reprints and journals. 

In spite of these difficulties a good begin- 
ning has been made. Fortunately there are 
several enthusiastic workers in the country, 
several problems awaiting investigation are 
lying at our very doors, and in some cases 
even funds are available. Given the ne- 


cessary facilities and encouragement, and 
a true recognition of their labours, the future 
is bound to be bright. Individually these 
investigations may seem trivial, but they 
all sw^ell the fountain of knowledge and it i>s 
this accumulated information, which will 
help future workers to solve questions on 
which we can at present only indulge in 
guess-w^ork. 

In the end, I wush to express my sincere 
tnanks to all those ^v\lo co-operated with 
me in supplying the necessary information, 
and partieuiarly to my pupil, Mr. 11. E. 
Bhargava, who helped me in the preparation 
of the bibliograpliy. 
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Chronica Botanica. 


W E have pleasure to announce the publi- 
cation of the first Volume of Chronica 
Bo'.anica, a new international year-book, 
devoted to all branches of Plant Science, 
edited by Dr. Fr. Verdroon in collaboration 
with an Advisory Foard and numerous 
Assistant and corresponding Editors. Plant 
Science has a new annual such as never 
before existed in any branch of Science. 
Prof. E. D. Merrill, Director, New York 
Botanical Garden, writes, “The Chronica 
Boianica as conceived covers a new field 
not hitherto pre-empted, conflicts with no 
established periodical, supplements those 


already in existence and should, by its very 
nature, encourage the spirit of intiunafcional 
co-operation, a spirit characteristic of this, 
our science of which we as botanists 
representing all nations, are individually and 
collectively proud.” This new publication 
will help all research woikers interested in 
botany to keep in touch with the activities 
of the numerous Institutions, devoted to 
pure and applied botany. We have no 
doubt that the publication, so comprehensive 
and so useful, will be welcomed by everyone 
interested in Plant Science. 
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The Banded Ferruginous Quartzites of the Bababudan Hills, Mysore State. 

Ey Charles S. Pichamiitliu, B.sc., f.g.s., f.b.s.e., 

Assistant Professor of Geology, University of Mysore. 


of the chief arguments for consider- 
^ ing the handed ferruginous quartzites 
of the Bababudan .l-Tills of Mysore, as being 
derived from the alteration of basic igneous 
rocks, has been founded on the occurrence 
of thin intercalated bands of schists, which 
have been variousW described in the Records 
of the Mysore Geological Department as 
“hornblendic beds,” ''riebeckite and cum- 
mingtonite schists,” ‘'amphibolites,” '‘horn- 
blendic traps,” and so on. 

According to T)r. W. F. Smecth,^ ‘’the 
hornblendic beds which are of the nature of 
amphibolites appear to alter gradually into 
quartz -iron ore rocks, and this is more 


sidered the magnetite quartzites as derived 
from the alteration of riebeckite and cuin- 
mingtonite schists. The thin quartz layers 
of the rock appeared to him to be “partly 
secondary enrichment in the schists at the 
expense of the curnmingtonite, and partly 
the result of intrusion in the schists, of 
several thin quartz veins” (190S, p. 73). 
He explained the fine banding of the quart- 
zites as the consequence of lit-par-lit injec- 
tions of quartz veins in the amphibolites, 
the regularity of the banding being augmented 
by subsequent pressure which acted upon 
the whole mass of the schists (1908, p. 76). 

H. K. Slater" was of the opinion tliat the 
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Micrograph of bababudanite-magnetite schist. 

Micrograph of hornfels with decussate structure. The section shows the banded nature of the rock. 


noticeably the case where such amphibolites 
consist largely of the mineral cummington- 
ite” (1908, p. 21). 

The late Prof. P. Sampat Iyengar- con- 


^ Smeeth, W. F., “General Report of the work 
of the Department for the year 1907-8,” Rec. Mys. 
Geol. Dept., 1908, 9. 

- Sampat Iyengar, P., “Geology of parts of Hassan 
and Kadur Districts, Mysore Province,” Rec. Mys. 
Geol. Dept., 1908, 9. 


banded magnetite hematite quartzites were 
produced “through the metamorx)hism and 
oxidation of the hands of amphibole, which 
vary from one inch to three feet in thickness, 
that form the aphanitic greenstones” (1908, 
p. 56). 


^ Slater, H. K., “Report on the Geological Survey 
of a portion of the Kadur District,” Rcc. Mys. Geol. 
Dept, 1908, 9. 



June 1935] 


CURRENT SCIENCE 


607 


B. Jayaram^ thought that the iron ore 
formation had little to do with the '‘altera- 
tion, silicification and ferruginitisation of 
the older hornhlendic or later hornhlendic 
traps that are underlying the above forma- 
tion” (1923, p. 40). He did not, however, 
offer any suggestions as to the probable 
mode of origin of these rocks. 

1 have recently examined these inter- 
calated schists both in the held and in the 
laboratory, and find myself unable to agree 
with the views advanced by Smeeth and 
Sampat Iyengar. These schists are often 
only a few inches in thickness, and are 
impersistent. Examples of bababudanite 
schists can be seen on the road sections 
between the 28th and 29th miles on the 
Ohikmagalur-Lingadhalli road. They are 
crowded with glistening crystals of the 
amphibole. The microsections {vide Fig. 
lA) show a felted or banded aggregate of 
acicular crystals of bababudanite which 
exhibit a very beautiful pleochroism from 
yellow to violet to blue. The matrix is 
formed of granoblastic quartz. So abundant 
are the crystals of magnetite scattered through 
the rock, that it is preferable to designate it 
as bababudanite-magnetite schist. The above 
description would make it clear that these 
schists bear no resemblance either texturally 
or mineralogically to the epidiorites which 
occur as dykes and lava flows in the area. 

In order to elucidate more definitely the 
nature of this rock, a chemical analysis was 
made of a specimen of the bababudanite- 
magnetite schist occurring near Kemman- 
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I. Bahabadanibe-ma^netifce schist, Bababudan 
•Hills, Mysore. Analyst: W. H. Herdsman, 
Glasgow. 


A, Band C. Magnetitic slate?, ^Visconsin (Irving 
& Van Kise,^ 1892, p. 197). 

D. Oiiinerite-magnetite schist, Michigan. Analyst: 
H. M Stokf.s. (Vnn Hise. Baylev Sin\ th,^ 
1S97, p. 338). 

P. Iron ore-amphibole rock. Badampahar Iron 

Mines, Noamundi, Singhbiim District, India. 
(Percival,' 1931, p. 199). 

Q . Actinolite bearing recrystallised banded hema- 

tite silica rock, Badampahar. (Percival, 
1931, p. 224). 

gundi. The results are given under coluiiin 
I in the above table. A-D are analyses 
of amphibole magnetite rocks occurring as 
intercalations in the Lake Superior banded 
ironstones of Michigan and Wisconsin, and 
which are considered to be of sedimentary 
origin. It will be seen that the Mysore rock 
compares very well with these analyses. 
P and Q. are partial analyses of somewhat 
similar amphibole hearing rocks from the 
Singhbum District, India. In these two 
analyses, only the percentage of metallic 
iron has been determined, and so, to facili- 
tate comparison, the percentages of metallic 
iron in the other analyses have been calcu- 
lated. 

It will be seen from the above analyses 
that the Mysore rock contains 3 -11 of MgO 
as against a trace of CaO. The dominance 
of magnesia over lime is suggestive of a 
sedimentary origin. Van Hise and Leith'' con- 
sidered that the Lake Superior iron hearing 
formations must have been chemically preci- 
pitated because the average proportion of 
magnesia to lime is over 5 to 1 (1911, p. 506). 
A similar calcium-magnesium ratio has been 
observed in the Hoamundi area by Dr. 
Percival (1931, jj. 200), who is of opinion 
that these banded iron ores have originated 
as chemical sediriients. The dominance of 
ferric over ferrous iron noticed in the haba- 
budanite-magnetite schist, when considered 
in conjunction with the magnesia-lime 
ratio, strengthens the view that these rocks 
must have had a sedimentary origin. 

A striking difference which the analysis 


^ Jayaram, B., “Progress Report on work done 
during the field season of 1919-20,” Rcc, M\s. Gcol. 
Dept,, 1923, 20 . 

Irving, R. D., and Van Hise, C. R., “The Penokee 
Iron-bearing Series of Michigan and Wisconsin,” 
Mon. U.S. Gcol. Siirv., 1892, 19. 

Van Hise, C. R., Bayley, W. S., and Smyth. H. L., 
“The Marquette Iron-bearing District of Michigan,” 
Mon. U.S. Gcol. Siirv., 1897, 28. 

^ Percival, F. G., “The Iron Ores of Noamundi,” 
Trans. Min. Geol. Inst. India, 1931, 26. 

® Van Hise, C. R., and Leith, C. K., “The Geology 
of the Lake Superior Region,” Mon. U.S. Gcol. Surr., 
1911, 52. 
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of the Mysore schist exhibits, is in the pre- 
senceof2 ’6*0% of NiioO. The igneous rocks ad- 
joining and underlying the banded ferruginons 
quartzites of the Bababiidan Hills, are many 
of them rich in soda, as may he seen from 
the prevalence of albite and acid oligcclase. 
I ascribe the soda content of the baba- 
budanite-magnetite schist to the sediments 
being derived from these spilitic rocks. 

Jayaram looked upon bababndanite as a 
‘‘secondary metaniorphic mineral derived 
from the alteration of impure grits and tuffs 
of the r'hampioii gneiss series'’ (1923, p. 40). 
This is followed on the next page, by tlie 
statement, “the occurrence of this amphibole 
seems to be precisely comparable to that of 
tourmaJinc in the altered acidic rocks of 
the Champion gneiss series,” which makes 
it rather difficult to understand his view 
regarding the origin of this amphibole. 

In a previous note in this journal'’ (Picha- 
muthu, C, S., and Srinivasa Eao, M. E., 
1933, pp. 276-77), it was shown that the 
amphiboles occurring in the banded magne- 
tite quartzites of the Bababudan Hills were 
formed by contact metaniorphic action due 
to the intrusive epidiorite dykes, and had 
nothing to do with the origin of the iron- 
stones themselves. I consider the baba- 
budanite-niagnetite schists also to have 
had a similar origin. 

In view of the suggestion made by Slater, 
that the banded ferruginous quartzites have 
been produced through the metamorphism 
of layers of a rock described by him as 
‘'aphanitic greenstone,” I carefully examined 


Pichaimithu, C. S., and Srinivasa Rao, M. R., 
“Amphiboles in the Bababudan Iron Ore Rocks,” 
■Current Science, 1933, 1. 


the occurrences of this rock, not only from 
his type area near the 23rd milestone on 
the Ohikmagalur-Lingadhalli road, but from 
several other exposures in the road sections 
between Mulaingiri (A 0310) and Kondeklian 
(13° 33' : 75° 46'). These are usually very 
thin intercalations, often exhihitiiig extra- 
ordinarily tine bandings. Tlie rock is dark 
in colour and mixed with abundant ferrugi- 
nous dust. When altered, it is converted 
into a yellow ochreous material. There is 
practically no grit. The exposures of this 
rock near the Kondekhan colTec estate house 
are highly jointed, the joint faces being very 
smooth. The specific gravity of speciniens 
collected lierc is 2 *65 ; in other parts of the 
Bababudan Hills, 1 have observed a range- 
in specific gravity between 2- 51 and 2-75. 
vSections cut from this rock do not exhibit 
any igneous character. The rock could best 
be described as a mudstone or argillite. 

The rock is normally soft but has been 
hornfelsed near igneous contacts, with the 
result that it has become extremely compact 
and tough, the fracture suggesting a glassy 
rock. This is caused by the development 
of mica or amphibole with the typical 
decussate structure characteristic of a liorn- 
fels {vide Fig. IB). 

From what has been said above, it will be 
seen that the amiJhibole-magnetite schists 
of the Bababudan Hills liave develoi>ecl in 
certain bands as the result of contact meta- 
morphism, and that they do not represent 
remnants of the parent rock from which the 
banded ferruginous quartzites liave origi- 
nated. The ‘'aphanitic greenstones” of 
Slater are merely interbanded argillitie 
layers wdiicb have become hornfelsed near 
igneous intrusives. 


Madras Fisheries Department 


'DECORD of another year’s good work is 
contained in the Administration Pieport 
of the Madras Fisheries Department for the 
year 1933-34. 

”T]ie outstemding event of the year 
w'hich has brought hack some measure of 
prosperity to the fishing industry of the 
West Coast was the return of the oil sardine 
in unexpected abundance after an absence 
almost complete for an unusually long series 
of 3 ^ears.” It is unfortunate, however, that 
maximum advantage could not be taken 
of the abundance of fish owing to the pre- 
vailing economic depression. Attention may 


here be directed to an observation juade by 
the Director (p. 22) : ‘AVlien the sardines 
became rich in oil, and boat loads were 
available at a nominal price, the station had 
run out of funds. When the funds were 
actually sanctioned, the sardines had ceased 
to occur and the omiount liad to lapse.” 
It shows that the Government metliods in 
dealing with economic problems require 
revision and it beems desirable that there 
should be a special provision in the depart- 
mental budget wliicli could be drawn upon 
only in cases of emergency. 

The oil sardine is unquestionably the 
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iiVDst. important economic fisli of the West 
<'oast, a.n<l any efforts made to study its 
mie;Tai()r’y liabits and to forecast its relative 
a.buii(laiii(*.e. year by year will no doubt help 
to am<‘]iorate the condition of the iishing 
industry In Western coum 

trills yc^ars of observations and experiments 
lm\'e yicdded valuable data regarding the 
wa,n(l(n*in.<»*s of the principal food-fishes and 
it. is gru/t-i tying to learn that similar obser- 
vuitions wore made during the year by the 
Ma:dra,s t^isheries Department with regard 
1.0 oil sardines to (ducidate the causes 
r(‘sponsiblo for the abundance of the species 
during At present the data collected 

may not. give any clue to the solution of the 
probhmi, but series of such observations 
(‘a.rri(‘(l over a number of years are bound 

t. o pi‘ov(i useful. The feeding and breeding 
Iniibits of the oil sardine and the hydro- 
gra.plu(*.al. data of the areas of their occur- 
i*(‘n(H‘ a.r(‘ likely to yield interesting results. 
d]H‘ abundance of the species along the 
Ma.labar Coast shows 'that it prefers waters 
of fairly higli sa.linity and their time of 
occ.urnuH^e is such — August to December, 
p<‘riod of* .maximum abundance in 1933 
b(‘ing bust week of October — that tlicre is 
usua.lly a. (u>nsi(l(‘ral)le change in tlic coastal 
faiuna, of India due to the lowering of th^ 
sailinity in certain areas on account of the 
monsoon rains. 

Hi Is a is another migratory fish of great 
(‘(‘onomic'. iiuporfancc and the Madras Fish- 
(‘ri(\s I)(^partment has been carrying out 
inv(‘stiga.tions regarding its artificial culture 

u. nd lib^-liistory. Regular observations in 
tli(‘ have reveal(‘d that in the Godavari 
f)(‘i()w tlu'. Dowlaishweram Hilsa of varying 
sizess air(‘- present througliout the year. The 
I)ir(‘(‘i.or observes that ^'At any rate the 
importa.ut fact that young Eilsa up to. 8J 
in(*h(NS reside in the lower reaches of the 
riv(U* a, ml do not go to the sea seems fairly 
w(‘ll established.” The publication of the 
full iH^snlts of these investigations will be 
wa.t(*IuHl w ith considerable interest by Bengal 
and Sind where there is an extensive fishery 
of this species. 

The migratory habits of Hilsa seem to be 
associat(uI witli the lowering of the salinity 
of the sea w^ater on account of heavy rains. 


The abundance of the species along the 
East Coast and its absence along the West 
Coast also point to the same conedusidh. 
The Department’s efforts to introduce Eilsa 
along the West Coast are not likely to meet 
with success as there are no large rivers 
in that area for the fish to run up for spawn- 
ing purposes. 

Catla, a tank-fish of northern India, has 
been successfully introduced in the Madras 
Presidency where it flourishes in reservoirs, 
tanks, and in the lower reaches of the 
Cauvery. It is doubtful, howrever, whether 
any good can result from the stocking of 
the upper w'aters of the Cauvery because 
the fish is not adapted to live in clear, rapid- 
running waters. In all such experiments it 
is most essential that due regard should 
be paid to the ecology of the species sub- 
jected to artificial cultivation. 

The report shows advance in our kno wledge 
in several other respects also, as for example, 
the success obtained in keeping live oysters 
under artificial conditions at the Krusacli 
Biological Station, the construction of effec- 
tive barriers against the enemies of pond- 
fishes, the success obtained in the use of 
00., as the best preseiwing medium for the 
long storage of prawms, etc., etc. The 
achievements of the Department have 
encouraged the Imperial Council of Agricul- 
tural Eesearch to subsidise a scheme of 
research for a central freshwater biological 
station and fish farm at Madras and another 
scheme of research relating to fish oil, guano 
and manure. 

It is recorded with great satisfaction that 
a course of lessons in pisciculture is in pre- 
paration by the Department. It was a 
long-felt need and the fisheries are bound to 
benefit by such a regular course of training 
of the young men of the fishing community. 

The report besides containing matters of 
general administration, is full of scientific 
results obtained by the Department during 
X 933-34. The Department, especially its 
energetic Director, is to be congratulated on 
the success achieved and it is hoped that 
under the patronage of the Imperial Connell 
of Agricultural Beseareh it will be possible 
to usher in a new^ era of fishery research in 
India. S- L. H. 


610 


CURRENT SCIENCE 


[June 1935 


Letters to the Editor. 


On the Dissociation of Some Molecules with 
Free Valencies. 

In continuation of an earlier paper^ the 
correlation between the electronic terms 
of molecules of the type BeO, BeP and 
ITO and those of the constituent atoms 
has been examined with the following 
conclusions : — 

. (i) Among the oxides and halides of the 
metals of the second group a good agree- 
ment between the energy of excitation of 
the products of dissociation and the 
terms of the metal atom obtains always, 
if the ground level of the molecule is 
correlated to the excited term sp of the 
metal. Besides the molecules BeP, MgP, 
OaP, SrP, already examined before, the 
following have been considered : BeO, 
MgO, CdP, BeCl, MgCl, CaCL 

(ii) In some of the molecules of these 
types also a correlation of the ground 
level to the repulsive term s^ would 
appear to be possible, but others strictly 
contradict such a correlation. This is 
particularly evident in a case like CdP. 
Here the term difference 5s 5p 5s^ 
is enlarged, the metal belonging to the sub- 
group of the periodic table, while the 
energies of excitation and dissociation of 
the 'molecule are not very different from 
others of this type. Consequently one 
would have to assume that the linear 
extrapolation of the vibrational levels is 
incorrect by about 85 per cent, in order to 
obtain a correlation of the lowest state of 
the molecule to the term of Cd. The 
correlation to the excited term always 
agrees to about 1 to 2 per cent, with the 
experimental data. 

This not only establishes the repulsive 
character of the s^ group, but also, since no 
perturbation is observed in the bands, 
the absence of that type of hybridisation, 
w^hich involves more than one term of the 
metal atom (^/-linkage). This is also borne 


out by the crystal structure of the oxides 
which cannot be explained unless the single 
molecule exhibits still free valencies.^ 

(iii) In all the above molecules, terms 
whose energy of excitation is larger than 
that of the ground level are automatically 
correlated to an anomalous term of the 
metal atom. 

(iv) In the molecules NO, PO and AsO 
the term with an increased energy of 
dissociation involves a configuration of 
the corresponding atom of the fifth group 
in which one electron is already excited to 
the next shell. A reasonable correlation 
can be obtained in SbO on the assumption 
that it behaves similarly. Of the different 
electronic terms whose relation is not yet 
known experimentally, the final state of the 
D system is to be regarded as the ground 
level of the molecule and the common 
final state of the B and C systems as the 
term with increased energy of dissociation. 
This shows again that the increase of 

stability on excitation in these molecules is 
always due to the excitation of that electron 
which does not take part in the linkage but 
represents a free valency. 

A detailed report will be given elsewhere. 

H. Lessheim. 

K. Samuel. 

Muslim University, 

Aligarh, 

May 15, 1935. 

1 H. Lessheim and R. Samuel, Zs. f. PIivs., 1933, 
84, 037; 88, 276. 

2 F. Hund, Z.y. /. Phys., 1932, 74, 1. 


Regularities in the Spectrum of Iodine IV. 

PoLLOWiNG the analysis of Te III carried out 
in this laboratory, an investigation of the 
spectrum of Iodine IV of the same iso- 
electronic sequence Avas undertaken. The 
spectrum of a condensed discharge through 
Iodine vapour was photographed at various 


H 

L 



H. — Higher Excitation. L. — Lower Excitation. 

Quartz Spectrogram of Iodine Discharge. 


stages of excitation, by using a Quartz data thus obtained has led to the discovery 
Spectrograph of the Littrow type. The of the important interval 6s ^Pi — ^P 2 = 
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along with all the terms of 
ih(v (>])-coiiliguration. Adopting for the 
In.v(‘l a value 200532 cm.-i extra- 

]H)Iat<‘(l from the corresponding values in 
Sn I, 1 1; and Te TIT, a number of odd 
!(‘V(ds ot: the values of 202767, 201270 
200331), 11)9981, 198123, etc., have been 
obtained. {Some oi: the important lines in 
the sp(‘.c‘.truin are marked in the print above. 
TIu^ (letaihHl scheme will be published 
shortly. 

S. G. IiniSHiNfA Murty. 
And lira Uni versitv, 

Waltair, 

June 2, 1935. 


Diamagnetism of Elements in the Powdered 
State. 

hr has been reported, that powders of 
bismuth,^ antimony,- gold,^ silver,^ selenium,^ 
(d.e., have considerably different suscepti- 
bility values than the metals en masse. 
In 1930 l^hatnagax® drew attention to the 
fact tliat the large changes reported in 
susceptibility could be due to a considerable 
extent to the presence of oxides and sub- 
oxides of the metals and to the adsorption 
of im|)urities by the fine powders. Mathur 
and Verma following this suggestion showed 
that af tcu the removal of oxides both bismuth"^ 
and antimony® powders regain the original 
regulus value. 

Itao-^ from his work on bismuth and 
anl.imony maintains that he obtains a 
critical value corresponding to the size of 
(.he ma(*.ro(uystal after which a rapid change 
in tiie susceptibility ensues. 

Erorn Kao’s papers one does not feel con- 
vinced that a high order of purity of materials 
has bc>en attained in his experimental work. 
In tlie case of antimony, for example, no 
(‘(Tort has been made to free it from the 
oxid(‘s. In the case of bismuth also, while 
an atitempt has been made to free it from 
tlui oxides by treatment with tartaric acid 
as suggested by Bhatnagar, no critical 
experimental evidence has been given to 
show that the oxide is really completely 
reunoved. Nor has the probability of con- 
tamination with carbonates or bicarbonates 
been, excluded, since it is well knowm^ 
that these products are formed by keeping 
bismuth under water in the presence of air. 

Selenium was examined by Dharmatti, 
who showed that on powdering, the 
diamagnetic susceptibility decreased and 
eventually changed in sign becoming para- 
magnetic. We have repeated Dharmatti s 


■work and have some interesting observations 
to record. The red and grey allotropic 
varieties of selenium were subjected to 
prolonged powdering under benzene or 
toluene to prevent oxidation as far as possi- 
ble. Only in an extreme case the value- 
decreased from —3 *03 to —2 -69 
at a particle size of 0-4/x. In each case, 
however, the sample recovered the original 
value after washing with cold dilute hydro- 
chloric acid. Also one of Dharmatti ’s para- 
magnetic samples made available to us 
through the courtesy of Prof. Mata Prasad 
regained the original value of Se on treat- 
ment with hydrochloric acid. 

A very interesting observation made by 
us during the investigation was that the red 
variety gradually passed into the black one 
on protracted exposnre to light. Transfor- 
mation into the black variety has also been 
shown to take place under pressure by Von 
Schrott^^ and we suggest that the fall 
observed in certain cases may be due to the 
conversion on powdering into a metastahle 
allotropic form having its susceptibility 
different from the original substance. This 
possibility seems particularly likely in the 
case of tin, which has been examined by 
Pv)ao.^“ White tin en viasse is weakly para- 
magnetic, hut Eao finds that in the pow'dered 
form the susceptibility decreases with the 
particle size until for the smaller particles he 
finds that it becomes diamagnetic. As in 
previous cases, Kao has not taken care to 
discover the possibility of anything else 
responsible for the change. We are examin- 
ing the case of tin and hope to communicate 
our results later. 

In the end the authors wish to emphasise 
once again that in any work done with parti- 
cles of colloidal sizes the exclusion of 
impurities which do accompany the powders 
on colloidisation is of permanent importance 
for it is only this, that can he responsible 
for erroneous conclusions. The authors also 
take this opportunity of thanking Prof. 
S. S. Bhatnagar for his help and guidance 
at every stage. 

Mulk Ka-j Verma. 

I. C. Gupta. 

University Chemical Laboratories, 

University of the Punjab, 

Lahore. 

June 4, 1935. 

1 Vaidyanathan, Indian Jour. Phys., 1930, 5, 559. 

2 Vaidyanathan, loc. cit. 

3 Vaidyanathan and Singh, Nature ^ 1931, 128, 30-. 
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Vaidyaiiathaii and Puri, Nature^ 1932, 129, 170. 
Dharmatti, N'atiirc, 1934, 134, 497. 

Bbatnagar, Jour. hid. Chem. Soc., 1930, 7, 975. 

" Mathur and Verma, Indian J. Phys., 1931, 6, 181. 
Verma and Mathur, /. hid. Chein. Soc., 1933, 10, 
321. ■ 

^ Rao, Indian .lour. Phys., 1931, 6, 241. 

Mellgr, . Comprehensive Treatise on Inorganic 
and Theoretical Chemistry, London, 9, 626. 

Von Schrott, Physical Zeif., 1907, 8, 42. 

1- Rao, Proc. hid. Acad. Set., 1934, 1, 123. 


The Diurnal Variation of Moisture in the Soil 
during the Clear Season. 

Experiments on soil moisture conducted 
by the Agricultural Meteorology Branch 
at Poona during the last two clear 
seasons (October-April) have shown^ that 
during the clear season at Poona, when the 
surface layer of the soil is so far desiccated 
as to contain only hygroscopic moisture, 
the evaporation from the soil during the 
day is followed, by absorption of moisture 
from the atmosphere during night by the 
soil. Under these conditions the soil does 
not undergo any material loss of moisture 
from day to day. The evaporation from 
and absorption by the soil result also in a 
variation of moisture in the air layers near 
the ground. These phenomena are therefore 
of particular interest to those engaged in a 
study of micro -climates and tlie meteorology 
of the air layers near the ground. This 
aspect of the subject has also been discussed 
in the above-mentioned paper. 

In a later communicatiorr we reported that 
samples of different soils kept in small vessels 
show characteristic intensities of ‘'evapora- 
tion’* and ‘^absorption” wben exposed to 
identical meteorological conditions. These 
observations have been cunfirmed by further 
experiments with a variety of soils during the 
last clear season. 

The amplitude of the diurnal variation in 
the moisture contents of different soils 
expressed as a ratio of that of the Poona 
soil are given below : — 


Name of Soil 

Diurnal variation of 
moisture content 
expressed in terms of 

Poona black cotton soil 

Poona Soil ( =1 ). 
1*00 

Dharw'ar black cotton soil. 

1-.10 

Sliolapiir black soil 

1*04 

Hagari 

0*86 

Eed Laterite 

0*81 

Eanchi 

0*65 

Jhelum 

0*44 

Bangalore 

0*29 


Name of Soil 

Pusa (alluvial) 

Ly allpur (alluvial) 
Sakrand (alluvial) 
Quartz powder 


Diurnal variation of 
moisture content 
expressed in terms of 
Poona Soil ( = 1 ). 

0-20 
0 *21 
0*19 
0*00 


The above table shows that the black 
cotton soils undergo the maximum diurnal 
variation of moisture content owing to the 
loss of w^ater by evaporation daring "clay and 
gain by absorption from the air dnring 
night. The alluvial soils from the Indo- 
Gangetic as well as the Sindh areas experi- 
ence only a llfth of the diurnal variation 
shown by the black cotton soils. Quartz 
pow^der appears at the bottom of the list 
with no variation. It is indeed remarkable 
that soils of the same type from places as 
far from each other as Pusa, Lyallpur and 
Sakrand have the same moisture variation 
index. A similar remark applies to the black 
cotton soils as well. 


The epoch of minimim soil moisture 
content occurs a few hours after the epocli 
of maximum soil surface temperature (which 
occurs at noon), and coincides with the epoeli 
of "maximam air temperature and minimuni 
percentage humidity”. The epoch of 
maximum soil mioisture content coincides 
with tlie epoch of “minimum air temperature 
and maximum percentage humidity”. 

The hourly variation of the moisture 
content of the Poona soil at difl'erent depths 
has also been studied by taking actual 
hourly samples from the held and determin- 
ing their moisture contents. It is seen tliat 
the diurnal variation is maximum at the 
surface and decreases very rapidl37- with 
depth, being practically insignilleant even 
at a dex>th of 1" below the surface. 

The mechanical and chemical analysis of 
the soils used by us, the study of their 
adsorptive properties under laboratory con- 
ditions as well as experiments on their heats 
of adsorfition and wetting are in progress. 

The results briefly outlined here are being 
discussed more fully in a forthcoming jjaper. 


L. A. Eamdas. 

M. S. Katti. 


Indian Meteorological Department, 
Poona. 

June 12, 1935. 


1 “Agricultural Meteorology: Preliminary studies 
on soil moisture in relation to moisture in the surface 
layers of the atmosphere during the clear season at 
Poona”, by L. A. Ramdas and M. S. Katti, The Indian 
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Jininia! of ^■Ifjricnlliiral Science, Vol. 4, part 6, 
])1). 92vy-^)37. 

“ Variation of Moisture in the surface layer 

t)l the soil in relation to the diurnal variation of 
Meteorolo,i>ical Factors,” by L,. A. Ramdas and M. S. 
Katti, Current Science, Julv 1934, Vol 3. No. 1, 
PP. 24-^25. 


A Note cn the Genus Mitteriella, 

'PiiM tj;(‘uus MitUu'lella has been described 
by Sydow and Mitter^ as a’parasite on the 
l(‘av(‘.s of Zizyplms rohindifoUa. The 
speeinuni was collected from Majhgawan 
(a, hilly tract between Manikpnr and Satna, 
on the (1. I. P. Kailway). In 1930 when the 
nuiltndal was first collected, very few bushes 


showed any sign of the parasite and only 
a single bush was badly infected. Here too, 
only the leaves were infected and branches 
or fruits were free from the fungus. Subse- 
quent visits to Majhgawan year after year 
clearly revealed tliat the disease was becom- 
ing more and more common, because it was 
found that the leaves of a much larger 
number of Z. rotund if oU a plants suffered 
from the same fungal infection. The 
luxuriant growth of the fungus obser\'ed 
in the first year was not found from 1932 to 
1934 and no part of the plant except the 
leaves showed any sign of the parasite. 
During my last visit in January 1935 it 



1— Branched hyphas showing “ Tseudopodia” (P). 

2— A single attached spore. 

3 — 2 attached spores arising near each other. ^ 

4 5 ^ 6^ 7— Spores of various shapes showing different number or septa 

Hyaline areas (H) are present in every spore. 


Avas observed that the fungus was growing 
vigorously on many bushes and in addition to 
tlic leaves numerous branches and fruits 
wore also infected by it. 


From 1930 to 1934 a careful search was 
made for it in the neighbouring localities but 
was not found on this (Z. roiundifolia) or 
any other host. In 1935, however, during a 
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visit to Chitrakot it was found that numerous 
bushes of Zizyplius (cnopUa were badly 
infected by Mitteriella. Every aerial part 
of the tree including the fruit showed serious 
infection . 

Tliis fungus has also been found on the 
fruit of Zizyphus jujuha collected from 
Majligawan. The fungus growing on Z. 
jujiiha and Z. a:noplia agrees with Mitteriella 
zizyphina in all details and therefore it is 
concluded that the three host species of 
Zizyp)lins mentioned above are infected by 
a single known species of the fungus, namely, 
M itteriella zizyp Jt Ina. 

The following observations based on an 
examination of numerous collections seem 
to be w'orthy of record : — (1) The infection 
is greater during or after a severe spell of 
cold, and (2) The shady side of the bush is 
least and the sunny side most heavily 
infected. 

E. N. Tandon. 

Department of Botany, 

The University, 

Allahabad. 

March 27, 1935. 

1 Sydow, H., and Mitter, J. H., “Fungi indici — 1,” 
Annalcs Mycologici, 1933, 31. 


Chromosome Numbers in Cajanus indicuSy 
Spreng. 

In the course of the examination of some 
pulses it was noticed that the chromosome 
numbers of some of them were not deter- 
mined. One of them was the Dholl, Cajanus 
indicus, Rpreng. — the pigeon pea, an impor- 
tant Indian pulse. The examination of this 
pulse was begun and the necessary material 
collected from the crop at the Millets Breed- 
ing Station in 1933. 

Flower buds from the three following 
varieties were collected : (1) Short and early, 
(2) Medium height and duration, and (3) 
Tall and very late. (1) and (2) differ in 
degree ; (3) is a type with markedly big 

pods and seeds. 

Flower buds w'ere killed between 9 and 
11 a.m. in Carnoy’s fluid, which proved a 
good fixative on account of the hard calyx 
cup. Good fixations were also obtained 
in Allan's modification of Bonin’s fluid 
when the buds were trimmed off at the 
top and bottom before being killed. The 
calyx on account of the hairs and oily exuda- 
tions it contains, becomes hard and does not 
cut well. Its removal facilitates penetration. 


Sections were cut at 7-10^ and stained in 
Iron-alum Hsematoxylin. Picric acid was 
used for destaining. All drawings w^ere 
made with a Zeiss Camera Lucida, K. xl5 
ocular and 1*3 H. I. x90 objective. Figures 
were drawn to a magnification of approxi- 
mately X 3000. 

The first division stages are seen in buds 
1-2 mm. long between 9-30-10 a.m. Later 
fixations give mostly second divisions. The 







spireme is rather thin. At diplotene three 
chromosomes are seen to be longer than the 
others. The longer ones show more than 4 
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(‘•hiasinata,, three out of the rest show 3 
(‘.hiasinat-a and the remaining. 5 show 2 
ehiiisiuat.a (Fig. 1). At diakinesis the latter 
show the chiasmata terminalised. Eleven 
paiii-s w(u’e counted at diakinesis (Fig. 2). 

ni(d,a})haso plate also gave il pairs 
(Fig. 3). In each variety 25 pollen mother- 
(‘-(dls werc^ counted and all of them gave the 
sa.in(^ niiinber. This nnmher eleven is the 
basic- number of the Phasiolea: of which 
(Uvjamis is on(\ 

nu‘taphase plate in all cases showed 
< iu‘ chromosomes to be in association of 
2, 3, 1 and rarely 5 (Figs, ia and h). 
No el(‘a>r indications of such associations 
could b(^ seen at diakinesis. Out of the 
•10 pollen mother-cells counted 25 were 
gvou]>ed up as follows 1 -f 1+2 +3 4-4. In 
other eases, associations in other groupings 
w(u‘(‘ also met with. The early anaphase 
giivc^ also some indications of this association 
(Figs. 5 a and h), 

(hmerally the anaphase is regular. In a 
[(‘w pollen mother-cells, however, one pair 
was found to be much earlier than the 
ot.hers and in other cases one pair was much 
lat(vr (Figs. 6 and 7), In the latter case 
th(‘ daughter chromosomes were seen slightly 
(^xt(‘nd(Ml along the spindle. All the chromo- 
somes r(‘ach the poles. The daughter nuclei 
gav(‘ (deven chromosomes (Fig. 8). One 
or more additional nucleoli were found in the 
r('st.ing daughter nucleus. FFo cell wall was 
fornuMl. 

Division II is generall^^ more or less at 
riglit angles to the plane of Division I. The 
m(‘t.ai)hauS(^ plates show the same associations 
h(u‘<^also (Fig. 9). The segregation is regular. 
A number of secondary nucleoli are seen. 
Thes(^ ar(^- prominent in the early stages of 
the daughter nuclei formation but later 
be(*()m(^ less evident. 

Th(‘ t,apetum consists of one or two layers 
of large', (iells which often protrude into the 
auDuu* (aivity . These are seen persistent to a 
v('.ry late stage. The tetrads are formed by 
(ission. The pollen is large, roughly tri- 
angular. The extine is thick and warty. 

Since the above details were recorded, 
Ihisud('v Roy^ in the course of his “Studies 
in 1 Development of the Female Gameto- 
phyt(’' in Some Leguminous Crop Plants of 
India,'’ merely records 11 as the haploid 
number in Gajanus indicus. In view of the 
above detailed working of the cytology of 
this plant, this note is published. 

NT. Krishnasw'Ami. 

G. ]Sf . Eangaswami Ayyangar. 


Agricultural Research Institute, 
Coimbatore, 

April 15, 1935. 

1 hid. Jour. Agri. Sci., 1933, 3, Part VI, p. 1098. 


Variation of Chromosome Numbers in 
Musacese. 

Whits'^ believed that the basic chromosome 
number in Musa was 4 ; Cheesman^ showed 
that the basic number in the “banana series” 
is 11, and that all the edible bananas should 
he looked upon as triploids. He further 
suggested that this basic number is a 
secondary number probably derived from an 
original haploid number 8. This view is 
further strengthened by the fact that 
Tischler^ found 8 “units” during the reduction 
division in the P.M.C. of a variety of banana 
described as “Dole” from Amani. The 
diploid number for this species, however, 
has been determined later on by Cheesman 
and barter- to he 2n —2'2. Similar observa- 
tions have been made by us in a species 
provisionally identifted as Musa rubra' Wall., 
the details of which will he published later. 
In a recent publication, however, Cheesman 
and barter^ have found that the basic 
chromosome number in the three sub-genera 
of Musa (Physocaulis, Eu-musa, and Pthodo- 
clilamys), is different being 9, 11 and 10 
respectively. From a comparative study of 
chromosomes in the different species of 
Musa and other genera they have arrived 
at the conclusion that the ancestral basic 
number of chromosomes in Musa is less than 
11 and there exists a “heterogeneity rather 
than affinities, not only in the family Musa- 
cCcTi but within the genus Musa itself”. 

Chromosome counts of the following species 
and varieties o f Musa and Heliconia have been 
made in this laboratory and interesting 
results obtained showing a variation in the 
diploid number which are presented below. 

It will he seen from the table that 
all the edible bananas studied have 33 as 
their diploid chromosome number. I'he 
only seeded variety studied, in the Eu-musa 
section, namely, voir. Aiihyo; has on the 
contrary 2n--=22 chromosomes. These 
observations corroborate the view of Chees- 
man and barter^ that the basic nnmher in 
the Eu-musa section is 11. The present 
count of 271=33 in the variety AmrUasagar, 
however, is not in agreement with White s 
observations who finds 271=36 for the same 
variety. 
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Taele I. 


Name of the Species and Varieties 

Diploid (’hiMino- 
soniL! Numluu' 

Genus : — Musa 


Sub-Crenus : — ICu-musa 


A/ns (2 paniiiisiaca L. 


Sub-species : sapit'iitiwi. 


Vars. Champa kela 

;n>, :m a. :}r> 

Safri 

;i2, :vA ik :m 

Kancha. kcia 

:b‘j 

Aithya 

2li 

Kal)ri 


.1 ludsagar 

x\ 

Amritsagar 


Agniswar 

22, US 

Penang 

x\ 

^ Musa Cavendishii La ml). 


Kabuli kela 

x\ 

— Rhodocblamys 


> Musa rubra Wall. 


— Physocaulis 


Musa su pc ?‘ha Roxb. 

18 

d'fer . . • ; 

Genus; -'Helieonia. 


Hclicouia 7netaUica Plancb. 

1(>, 18,,2P A' 22 


Tiie other species provisionally identified 
Musanobra Wall, showed 2n=22 chrorho- 
sonies, though a clear plate showing 2.S 
ehromosomes has been observed. This 
observation appears to go against the view 
that the basic chromosome number in the 
section Ehodochlamys is 10. 

>*Tn Musa superha, one of the two species 
representing the Physocanlis section of Musa 
in India, the diploid number was found to be 
2?^~18, which is in agreement with the view 
of Cheesman and Larter,^ that the basic 
number in this section is 9. 

In Helieonia metalUea Planch, a constant 
variation in the diploid chromosome number 
has been observed. Out of 25 clear plates, 
3 showed 16, 4 showed 18, 10 showed 20 and 
8 showed 22 as their diploid number. Chees- 
man and Larter on the other hand found 
the diploid number to be 2nz=24r in live out 
of six species investigated by them, and 
only, in Beliconia seemamm they found tlie 
number to be 2n~22. It is interesting 
to note, how'ever, that according to Schu- 
mann^ Helieonia seemannii Van iloutte 
{2n=22). one of the ^pe.cjies investigated by 
Cheesman and Larter, ^ is synonymous with 


Helieonia hiJial ij. { 2)1 2 1). I {. appi'iirs, 

therefore, thafi variation in th(‘ iliploid 
number of (diroinosonuss in sa.m<‘ spialeH 
is common in Mk' gimus Hidieonia. 

An aneuploid variation in (.he diploiii 
numbeu of ehroinosoim^s in sanu^ [)lant 
has been priwionsly na'onled l)y d’.Angn*- 
mond^and Ch(‘(‘sma<n‘ in (‘(n*l,a,in (irogmiii's of 
Musa liybrids, ( ti(‘(\sniain a^nd liaaicr^ 
have found sikVIi a, vuiriaf ion in t!i(^ dilhn'md 
roots of the same plant, iho ‘Ma.mai(*a. .sismI- 
lings’ . According lo Ifumi, (.}i(‘,s<‘ N’a.rfaf.tons, 
though ircHpKvnt, a.n‘ (lu<‘. t-o (*broiuoHoim‘ 
fusion or loss (luring mii^osis. Prom \.\\c 
above list, b()W(^.v(u*, it will bt‘ stam Ihaf a 
constant variation in tln^ diploid numlao’ of 
chromosonms, in Iho ilUTonml evUs cd' the 
same tissim, is a (aimnion plumonimon to lx* 
met with in certiaiin varied, i(*s of JMiisa- and 
Helieonia. 

The presemee of bi-mud(‘at(* a-nd pedy- 
nucleate cedis and double*. numbe‘r of ediromo- 
soriies have been (l<*.scribe‘(i ])y Clu‘(*sjuan 
and Larter^ to be^ eojnmon in sonn* vari(‘tfe.s 
of Musa. Bi-nucleate ceils ha<v(‘ also b(*<‘n 
observed during the pri^semt, study l>oMi in 
Musa and Helieonia, though doubie^ .uiimbeu* 
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ol' chroiuosonieH have not been observed un . 
till now. I 



Fig. 1. 

Aliis'i! parcitis iacd L. Sub-Sp. sapicuhiRi, var. Champa 
Kela, stained with Haidenhain’s Iron-alum 
Hasmatoxylin. {2ii~33) X2300. 



Fig. 2. 

IlclicoHKi viclaUica Planch. Stained with Gentian 
Violet. (2/i.=-16) X2600. 


11, will be seen from the measurements 
given billow as also from the figures above, 


Table II. 


Naniu of ibe species and 

V arielies 

Length of 
Longest 
Chromosomes 

P - 

Length of 
Shortest 
Chromosomes 

F 

A fii sa pa ) -ajisiaca I > . 



Sul), sp. saEii'utitm 


i*5 

Viu-. Safri .. 

2-0 

. . 

2*5 

1*5 

Ahtsa ruhra Wall. 

2-7 

1*7 

Af Ksa sii perb<i Roxl:. 

■ 2*7 

1*7 

J/ elicoiiLi met allica Planch. • • 

. vxo V ' 

2*0 

1*1 


Fig. 3. 

H cliconia mcti.iUica Planch. Stained with Haidenhain’s 
Iron-alum Hcematoxyiin. {2n~20) XlSOO. 

that a variation in the sizes of chromosomes 
is marked in both ]\iusa and Heliconia. 

The marked tendency to grouping of 
chromosomes in ehaims, as has been observed 
during the' present study, in some of the 
edible bananas and its absence in the seeded 
species, Musa superba^ is another significant 
feature which has not been recorded by 
previous authors. 

A more detailed investigation is in progress. 

S. P. Agharkae. 

P. X. BHAnrui, 
Department of Botany, 

Calcutta University, 

April 26, 1935. 

1 Cheesman, E. E., Jour. Genet., 1932, 26, 291-312. 
- Cheesman, E. E., and barter, L. N. H., Jour. 
Genet, 1935, 30, 31-52. 

d’Angremond, A., Handel. Fierde Nederlandsch- 
Indisch Nafuur. Congr., Vclicverdcn., 1926, 360-367. 

Schumann, K., Das Pflanzcnrcich., beipzig, 1900, 
4, 45. 

Tischler, G., Arch. f. Zellforsch., 1910, 5, 622-670. 
6 White, P. R., Zeitsch. f. Zellforsch., 1928. 7, 673- 


Vivipary in Sorghum. 

The phenomenon of Yivipary, i.c., the 
germination of the seed in situ, though rare, 
is not uncommon in the Angiosperms. It 
is not so common in the Graminese and is 
rare in cereals. Two cases are on record in 
cereals, both in Maize (Eyster, 1924).^’- 
Eyster calls these '‘primitive sporophytes'b 
He notes that this character is heritable 
behaving as a simple recessive to the normal 
dormant condition. He finds that two in- 
dependent factors, pnii and pnu, are respon- 
; sible for this vivipary. 

In higher plants when the earhead is ripe 
the embryo stops its growth and lies in a 
dormant " state. The endosperm remains 
practically unused. This cessation of growth 
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seems to be maintained very largely by an 
insufficient water supply. 

In sorghum, an instance in which the 
embryo failed to go into the usual quiescent 
state, has been met with. This occurred in 
t^orghum papyrascens, Stapf., M. S. 1401, a 
variety from the Central Provinces. 8. 
papyrascens is like the other grain sorghums, 
8. hurra, Stapf. in practically every respect 
except that in it the glumes are long, thin, 
papery and transparent and do not have 
the usual keel clasping the grain. This kind 
of glume is more akin to the primitive 
condition represented by the absence of 
eoriaceousness in the glumes of peclicelled 
spikelets. This papyrascens glume seems 
therefore to be a mutational manifestation 
of the normal glume. When this primitive 
type of glume occurs alone and without any 
other consequential changes, the usual sexual 
equipment ending in the normal big Durra 
grain, seems to receive an upsetting of the 
usual balance between the container and the 
contained. The Durra grain instead of 
being clipped up tightly below by thick, 
coiraceous glumes leaving a good bit of the 
grain exposed, now finds itself loosely and 
completely enclosed by the long, papery 
glumes. This mis -fit has its repercussions 
on the normal development of the lodicule 
and the consequent upsetting of its role as 
the regulator in the opening of flowers. 
The net result of this papyrascens mutant 
is a normal plant with an uneconomic 
earhead having a considerable amount of 
sterility in it. 

The occurrence of this vivipary in one 
variety of this group of 8. papyrascens is 
therefore understandable. A primitive type 
of glume has brought out this primitive 
endeavour at short circuiting the plant’s 
life cycle. Family No. A. S. 14f), in which 
a chlorophyll deficiency resulted in the pro- 
duction of pale green seedlings, belongs to 
the papyrascens group (6. N. Eangaswami 
Ayyahgar and M. A. S. Ayyar, 1932).3 
Albinos have been noted by Byster in his 
primitive sporophyte in maize. It will there- 
fore be seen that papery glumes, vivipary, 
and chlorophyll deficiencies are of the bunch 
of residuary defects brought about by this 
mis -fit. 

An examination of the seeds in the ear- 
head manifesting vivipary showed that about 
75 per cent, of the grains had germinated. 
Photographs of a viviparous grain (Pig. 1) 
and of twelve other grains in various stages 
of germination (Fig. 2) are given. It was 


suspected whether any particular position 
in the earhead stimulated this vivipary but 
an examination of the earhead, whorl by 



Fig. 2. 

X 2. 


whorl, showed a fairly even distribution in 
its occurrence. Various endeavours were 
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ma,(U‘ U) ^.orrninate the seed but with only a 
sinj^'le success. .Even in this case the seedling 
died sifter a feeble endeavour at growth. 

'I’lu' genetic factors responsible for this 
occurrence of vivipary in Sorghum are under 
oxjiin illation. 

G. N. Kangaswami Ayyaxgar. 
V. Panduranga Eao. 
A.ixric.iiltviral Ii(\sear(*.li Institute, 

GoiniliaitorOj 
April 22, 1935. 

^ .-liucr. Jour. ]h)t., 1924, 11, 7, 

•■i Aincr. NuL. 1924, 58, 436. 

•I Ind. J. Afiri. Sci., 1932, 2, 266. 


On the Nature of the Papaghni-Cheyair 
Sequence. 

In (l(‘»cribing the “ Kadapah and Karnul 
roriuaitioTUs in the Madras Presidency ”, King^ 
h(di(‘ves in the (existence of an unconformity 
])(dAV(‘(m t]u‘- Papaghiii and tlie Cheyair divi- 
sions of tlie .lower Cuddapahs. Eecently 
how(‘ver Dr. A. L. Ooulson. who examined 
Mu‘S(‘ formations in connection with the 
()C('.urr(‘n(‘e of Barytes and Asbestus in this 
a-rea, ('onti^nds that this unconformity does 
not, (^xist or ‘‘ if it exists at all, is so small as 
to be n(‘gligible In all the places where 
King lias noticed an un conformable junction, 
Goiilson Ixdieves tliat the quartzites overlying 
t.hi‘. Papaghnis are not the Pulivendla 
(|uartzit(\s of the Oheyairs hut belong to 
<.h(‘ Bangariapallis, the basal member of the 
v(‘ry niudi younger Kurnool formation. 
\\ hil<‘ this (vxplanation may he true in some 
ca.st^s, we cannot b(dieve that it is of universal 
a 4 )pli(‘.ation throughout the Papaglmi-Cheyair 
\M‘ Inivi) recently had opportunities 
of (‘xamining many localities where we see 
t,h(‘. Papag]ini-('h(‘.yair junction and have 
nia(l(‘ s(‘V(‘ral observations which go to 
supfiort King’s conclusion regarding the 
(‘xist-(aice of an unconformity. 

(1) In scv(‘ral places as for instance at 
Vaimpally (14" 25' 30" : 78° 14'), Chandana 
(15° 5' : 77° 49') and Balapalapalle (15° 27' 
30" : 78° ()' 30"), wc see the Vaimpally shales 
a, ml limestones (Papaghni) overlaid by the 
(piartzites wdiich are admittedly (even by 
Goulson) of the Pulivendla (Cheyair) sub- 
division. In all these places, the quartzite 
begins with a coarse conglomeratic facies 
(*,()nt,aining, among others, pebbles of oolitic 
(‘halcedony or chert. According to King 
these contained fragments of oolitoid silice- 
ous chert are common to the lowest breccias 
and conglomerates of nearly the whole 


extent of the western outcrop of the Puli- 
vendla quartzites These pebbles could 
have been derived only from the chalcedonic 
hands with oolitic structure, which we know 
are exclusively confined to the Vaimpally 
limestones — thus showing distinctly that the 
latter must have started being denuded prior 
to the deposition of the conglomeratic 
quartzites. (2) Moreover the quartzites 
immediately above the conglomeratic zone 
in all the three localities show' such evidences 
of shallow^-w'ater deposition as current-bed- 
ding, ripple-marks, etc., and could not have 
been deposited at depths of more than 
8-10 feet — thus indicating the proximity of 
the shore line. (3) If according to Conlson 
the Papaghni-Cheyair sequence w'ere un- 
broken, one w'onld have expected to see 
a gradual grading of sediments from the 
Vaimpally shales or limestones to the pure 
quartzites above. We are not aw'are of any 
such occurrence — the transition from the 
lower to the upper series being alw'ays abrupt 
and well defined. (4) Another evidence 
pointing to the existence of a Papaghni- 
Cheyair unconformity is seen near Dona- 
• konda (2 miles east of I7ayanapalli). Here vre 
see the shales and limestones of the Vaimpally 
sub-division have a strike 20° west of north 
and dip 10° east, w’-hile the overlying 
Pulivendla quartzites strike 45° west of 
north and dip 20° east — distinctly suggesting 
an angular unconformity.^ (5) Prom our 
study of the trap rocks seen between the 
Papaghnis and the Cheyairs near Talapalli 
(5 miles >vest of Vaimpally) w^e have 
reasons^ to believe that this trap flow is ” suh- 
aerial ” and not sub-marine The sub- 
aerial character of this lava flow which over- 
lies the Vaimpally s and underlies the Puli- 
vendlas must naturally lead one to infer an 
unconformity between the two divisions. 

From what has been said above, it appears 
to us that the unconformity between the 
Papaghnis and the Cheyairs is not so ‘ negli- 
gible’ as Coulson suggests. 

C. Peas ANN AKU_^rAR. 

M. K. Srinivasa Eao. 

Department of Geology, 

Central College, Bangalore. 

Ilay 29, 1935. 


1 Mem. G.S.Ly 8, pt. 1. - o . 

2 Mem. G.S.L. 64, pt. 1, pp- 3 & 6. 

3 Geologic Structures, B. & R. V'llhs, p. 44. 

4 These will be discussed in a separate paper on 
the trap rocks of the lower Cuddapahs to be published 
shortly. 
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The Arc Spectrum of Iron in the Photographic Infra-Red Region. 

By Dr. Muliammad Zaki Uddin. 

FellotVj Alexander von Hmyiboldt-Stiffnmg (Berlin), Physical Laboratories, Bonn. 


rpHE production of the new photographic 

Tnfra-Bed plates on a commercial scale has 
made accessible spectral regions up to about y 
13,000, that can now be investigated \\dth spectro- 
scopic accuracy. This unexplored region involves 
the necessity of having suitable standard lines 
that could be employed in other direct and indirect 
calculations. 

Tlie use of the Iron Arc and the various condi- 
tions under which it has to be employed are too 
well knoAvn to be mentioned here ; and the 
adoption of this Arc for the Photographic Infra- 
Bed region seems probably inevitable. A number 
of investigations have been made from time to 
time with the Iron Arc and some measurements 
on the Solar lines are also available. Although 
the early investigations were hampered due to 
the difficulties in the technique of photographing 
this region, some progress has been made ; I give 
below "a short summary of the previous work 
carried in this direction : 

Burns^’-d published his measurements on the 
Arc Spectrum of Iron using the grating and gave 
wavelengths up to A 8825. Along with it the 
Interferometric measurements are also available 
for the Arc up to the same region^ . 

A list of Red and Infra-Red lines of Iron was 
published by Meggers and Kiess^^^ giving data 
up to A 10,375. 

Randall and Barker^ ^ gave observations of the 
Iron Arc extending to A 20,727 wdth Infra-Red 
Spectroscopic arrangements. 

Meggers and Kiess^ measured lines of Iron Arc 
till A 8825. 

A list of Solar lines was published by Babcock® 
and also by Meggers and Brackett containing 
measurements with the Interferometer up to 
A 9000. Unfortunately the solar radiation can- 
not be employed in the laboratory as a convenient 
source due to many difficulties. 

Babcock' gave his Interferometric measure- 
ments of Neon and Iron lines up to A 7585. 

In the meeting of the International Astrono- 
mical Union held at Leyden in 1928, Iron and Solar 
radiations"^ were adopted for further use till 

1 K. Burns, Liek. Obs. Bull., 1913, 247, 8, 27. 

- K. Burns, Z. f. ivlss. Phot., 1913, 12, 207. 

^ K, Burns, C.R., 1913, 156, 1611 ; J. dc Physique, 
1913, (5) 3, 457. 

K. Burns, Fortsefnwiq Z. f. zviss. Phot., 1914, 13, 
235. 

4:a Meggers and C. C. Kies.s, Sci. Pap. Bur. 

St. Nr., 1918, 324. 

H. M. Randall and E. F. Barker, Ast. J., 1919, 
49, 42. 

^ W. F. Meggers and C. C. Kiess, Sci. Pap. Bur. of 
St. Nr., 1924, 479. 

H. D. Babcock, Ast. J., 1927, 65. 

H. D. Babcock, Ast J., 1927, 66, 256. 

Trans. International Astronomical Union, 1928. 


A 8825 and these have been slightly altered 
recently.^ - 

Measurements of Iron lines are available after 
Burns and Walters‘S till A 9653. 

Querbach^ measured the arc spectrum of Iron 
up to A 8866. 

The lines were measured by McLennan and 
Quinlan^® till A 9000. 

Meggers and Kiess ^ ^ gave measurements of Iron 
lines till A 10,863. 

Schmitz^® measured the Iron lines till A 9000. 

R ecently Dingle"*^^ has published the w^avelengths 
of Iron lines up to A 10,218 “which cannot be 
used as final standard ”. 

Using specially sensitized plates Meggers^ ^ 
has investigated the Arc Spectrum of Iron till 
~A 12,000 and this is probably the first thorough 
investigation so far available. 

Prom time to time attempts have been made 
to compile a list of wavelengths available for 
the Iron Arc lines in this region. 

Catalan^® published a number of Iron lines 
in tabular form and Kayser and Konen^ ®^* have 
compiled a list of the lines. 

Schmitz^^ gave a comparison table of some of 
the wavelengths in his dissertation. 

The new volume of the Plandbuch der Spectra- 
scopie^"* contains a detailed account and discussion 
of the Iron lines in the Visible and Ultra-Violet 


Arc Spectrum of Iron— Some Intense Lines. 
( Meggers.'^^ ) 


Int. 

A(air) 

Int. 

A(air) 

250 

7164,469 

1500 

8220,400 

800 

7187,341 

1200 

8327,063 

500 

7207,406 

1200 

8387,781 

400 

7495,088 

300 

8468,413 

800 

7511,045 

600 

8661,908 

300 

7780,586 

1500 

8688,633 

400 

7832,224 

250 

8824,227 

700 

7937,166 

200 

8999,561 

600 

7945,878 

100 

9738,624 

700 

7998,972 

30 

10065,080 

600 

8046,073 

40 

10145,601 

500 

8085,200 

50 

10216,351 

K. Burns, Pid^s. Alleq. 

Obs., 1930, 6, 159. 

« J 

. Querbach, Z. /. Phy 

.y., 1930, 

60 , 109. 

10 

J. C. McLennan and 

F. M. Quinlan, Trans. R. 

Soc. 

Canada, 1930, 24, par1 

I, 47. 


11 

W. F. Meggers and 

C. C. Kiess, J. Research, 

1932, 

19, 309. 



12 

Trans. International 

•istronoinical Union, 1933. 


L. Schmitz, Diss., Bonn., 1934. 

H. Dingle, M. N. R. A. S., 1934, 94, 866. 

15 W. F. Meggers, 1935 (In Press) ; J. Research, 
1935, 14, 33. 

15 Catalan, Annalcs dc la Soc. Bsp. de Pis. 3'. 
Qidn., 1930, 28, 1239. 

1®^ H, Kayser and H. Konen, Handhuch dcr 
Spectroscopic, 1932, Bd. 7, 1239. 

i"^ H. Kayser and H. Konen, Handhuch der 
Spectroscopic, Bd. 9 (in Press). 
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regions. A list of lines is also given for the neai* 
Infra-Red region. 

Plates of the Iron Arc Si^ectrum till A 8821 are 
available after Meggers and Kiess-"'’ and Dingle 
has given a photograph till A 10,218. 

The members of the International Astronomical 


Committee are considering the question of the 
Iron Standard lines in this region and very soon 
standard wavelengths will be available. 

My thanks are due to Prof. H. Kayser and Prof. 
11. Konen for making their excellent libraries 
accessible to me and encouragement. 


Research Notes. 


Moments of Hypergeometric Series. 

A. A. Krishnaswami Ayyangar obtains 
a general expression involving determinants 
for the moments of the Hypergeometric 
series about its mean (J. Ind. Moih. /iS'oc., 
1934, 1, 4). The author considers his 
formula to be more useful than the one 
given by Romanovsky [BiometriJcaj Vol. XVI) 
for the first six moments. The author also 
gives a recurrence formula for evaluating 
his determinants for higher moments. 

In the same number of the Journal Brij 
Mohan Mehrotra has a short note on ‘'Some 
Self-Reciprocal Functions,” in which he 
formulates some corollaries of theorems 
published by him previously. 

Ram Behari discusses an integral invariant 
connected with rectilinear congruences. Con- 
sidering the ruled surface i-x-ruX^ 
7] ~y-{-uY, 'C =z-[-'a7j where (x, y, .e) denotes 
a point on a closed curve, the invariant con- 
sidered is p-- f (Xdx-\-Ydy-^: Zd 2 ). Several 

interesting properties of p and are dis- 
cussed. 


Artificial Radioactivity produced by Neutron 
Bombardment, 

In the Proceedings of the Boy at Society, 1935, 
149 , 522, Fermi and Ids collaborators have 
given a description of a furtlier instalment 
of their interesting experiments on artificial 
Radioactivity. Ilaving noticed that the 
activity produced by neutron bombardment 
is profoundly influenced by hydrogenated 
substances, they have systematically studied 
the effect of water on the activity of all the 
newly-produced radio -elements. There are 
some cases in which the activity is largely 
influenced as, for instance, Xa, A1 (2 *3 m.), 
V, Ag, Cu, Rh and I ; in others the in- 
fluence of water is very small as in the case 
of Si, A1 (10 m.), Mg, Mn and Zn. In every 
ease in which the active element is known 
to be an isotope of the bombarded one 
(about 20 instances), they find that the 
activation is increased by the presence of 


water. This result is explained by assuming 
that the slowing down of the neutrons by 
the protons contained in the hydrogenated 
substances makes it easier for these neutrons 
to be captured by the struck nucleus. In 
order to verify this hypothesis experiments 
were made to determine the absorbing power 
of various materials for slow neutrons and 
they found that the absorption was ab- 
normally high in some instances as B, Y 
and Od. Except in these cases of abnormal 
absorption it was found that each absorbed 
neutron produced one activated nucleus ; 
the abnormal absorption is probably con- 
nected wdth the formation of stable isotopes. 
The mean energies of the activating neutrons 
have also been measured and all the results 
are given in a table at the end of the paper. 
The effect of non-hydrogenated substances 
is also to increase tlie activation by slowing 
clown the neutrons but the effect is not so 
intense as in the case of hydrogenated 
substances. Another important result due 
to the new investigation is the conclusion 
that wdicn a new radio-element isotopic 
with the struck nucleus is produced, the new 
nucleus is of liigher atomic wxught ' and 
results from the capture of the neutron. 
The separation of the radio-active isotope 
from the bulk of the bombarded element 
w^as also found possible since the activated 
molecules are left in an atomic or ionic 
condition. The method was employed in 
the case of bromoform, chloroform, carbon 
tetracliloride and sodium chlorate, to sepa- 
rate radio-active bromine and iodine. Radio- 
active arsenic w^as obtained from cacodylic 
acid and radio-active manganese from potas- 
sium permanganate. A systematic investi- 
gation of all the elements revealed a number 
of new. facts both as regards the induced 
activities and the properties with respect 
to slow neutrons ; all these are consolidated 
in a useful table at the end of the paper. 
The authors have also carried out new 
chemical tests on the products obtained by 
bombarding uranium and find further sup- 
port for their previous claim about the 
production of transuranic - elements. They 
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(‘oiu'Iiide I hai. If) I/J ruin., iiud .1(U) 

niin. a.(d.i vil;i(\s iir(‘ due I't^specd-ivcOy to pro- 
diu'.ts wit.li, atomic iinuil)(u*s 1)U, Od and 94 
and atomic wci<^ht 

T. S. 8. 


Masses of Some Light Atoms. 

An accurate determination of the masses 
of some of th(‘ fundamental particles such as 
th(‘ proiion and tlu^. neutron is a most im- 
portant n(u*(\ssary pr<diininary work in a 
pro^Tamme se(d<ing to elucidate tdie nature 
of these ])articles. Ttie values obtainahle 
by consid(‘.ring the rc‘sults provided by the 
mass-spectrograph and those deduced from 
considerations of the masses and energies 
of t-he pairticl(‘.s taking part in a nuclear 
encounter sexuued to be in eotiMiet. But 
rec(uit4y Aston has been (‘.onstructing a 
new mass-spectrograph designed to study 
tlie masses of (light) atoms by com])aring 
the positions of close doubh'ts such as () 
and and etc. and has reported 

the result of some })r(‘liminary measurements 
in NaUire, 1935, 135, 541. The values he 
obtains are much higluu than those pre- 
viously given by him and the din'erence 
he attributes to inip(‘rf(‘ct r(\solution in his 
older instrument. Th(‘- new values ar(^ in 
agrtHuiumt with those d(‘du(*-(Ml by ()li])haut, 
Kempton an/l RutlK.vrford (Froc. Roy. xSoc.) 
from a consideration of a nuiubcu* of nuclear 
reactions, |)articularly those*- a-risiug when 
beryllium and boron are*. l)ombarel(*el by 
el(‘utons. Ac(a)reling to llie*. ne^w es(iimate‘s, 
the* mass of tlie*. nevutron is slightly la)‘ge‘.r 
than that of (he pre)te)n, but ne)li se> high as 
1.-0092 U'S e*stimat(*el by (hirie*. and de)Iie)t. 
Ikissibly Weuitz(‘rs ce)ne*iusie)n tliat- tlu*. mass 
e>f tlie^ ne*utre)n is e*(jual to that e)f the*! liyelre)- 
ge*n atom is ne*.ar the trut-li. Tlie^ fe)llowing 
table* gives a e*.e>mparise)n e)f the* value‘s founel 
by Aste>u ami tliose (*Btimateel by Oliphant, 
K(‘mpte)n anel Hiutlierforel: — 



Aston 

Oliphanl. el al 

y 

. . 

.l-()0«.‘i±()-()()03 

, 11 ' 

1 -0081 

l-0().Sl±0-()()01 


1 -0041 

4-0()31±{).0(K)l 

( 

(1 

12 -00 18 

12-()()27±()-()00;} 


T. S. 


Absolute Rates of Migration of Ions. 

Tnio moving boundary metlioel for the de- 
t,e‘rmiiiation of the transference numbers of 
ions is reliable only if the potential gradient 
unde^r which the ions move is accurately 


mc*asiireel. Mukhe*rje‘e‘ a.nd his co-worke^rs 
(J. Indian Ohcni. 1935, 12, 177) ha-ve 

ele*vele)peel a. nu‘the>el fe)r Ihe* aieaairaie* de*t,er- 
minatie)!! e)f the* migrtUion vedex'hy eif ions, 
inve)lvinga l.e*e'hnie|ue‘ simila,r to t he* me‘aisure‘- 
ment e)f the* (‘a,taphe)re‘tic sp(*e*els ed‘ e‘e)lloi(hd 
]>artie‘.le‘S as ele‘scribe‘(l by Mukh(*rj(‘(‘ (Pror, 
Roy. 192:5, A 103,’ 102). ( kmsi(le*riug 

the* l)e)Uiielary i)e*t,\ve*(‘n hyelroe'hloric aedd 
se)Iiitu)u anel pieuie*. Uiedel, it. luis he‘e*n shown 
that with Idle* inov(‘me*nt> e)f t.Iie* ions imde*r 
a |)e)t.eml.ial gra.die‘n(, the* migradion e)!* lli(‘ 
])icrate ion iiu‘.re*a,se*s with time* while* tlia(. 
of the clde)rid(‘ ie)n ele*e*re*ase‘s. 4’hemgfi the* 
hounelary re*ma,ins sha.rp- during Mie^ ii){(*i^va,l 
of the e)l)S(‘rva4de)ns, it iuis he‘(*ii shown thal. 
a slight- mixing up of (die* s()julie)us may 
ac(*.e)unt for laa-ge* vaa*iai(.ie)ns of Idu* nml)ilit.i(*s. 
.dlenea*. the init iad migradde)n ve*Ioeity of t he* 
ie)ns hefe)re* mixing t-adce*s j)laie*(‘ with simul- 
taneous me‘a4sure*me*nt> e)r tdie* p()fi*ntial 
gradie‘nt/ ae‘re)ss the* boundary give‘s r(*Iiad)Ie^ 
valuers. 

M. r. V. 


Krypton Content of Atmospheric Air. 

Thk lite*ratur(‘ e>n I he* ejiuint-it ad i ve* (*st dmad ion 
e)r Krypt.ou a-nel Xe*ne)n in t he* ad ine)splie*!‘e is 
veuy se‘.a.nt.y. Sir WilliaiUi Ivaiiusay, the* jn'otie'cr 
re‘se*a.rch we)rke*r in ra.re* ga.se*s of Ihe* adnios- 
ph<‘re*, pud)lishe‘<l a.n e*st-imad-(* of (die* Krypton 
e‘.e)neu‘nt-rad iein {Pror. Uoy. Xor., n)0(), 67, IVPA) 
anel gave*, a vadue* e)f I <10 “ wliiedi wa.s lad or on 
e'.e>rr(*.cte*el t^e) 5 :< 10 a-nel stdl! aiiioMie*!* e*orr(‘c* 
tiioii waus ma-de* in ai suhse*(pie‘nt. |)ap(*r. His 
metdmel was fra.e'tdouad elist illad iein. Monn*n 
anel Ije*pap(* ade)pt.e*el t he* m(‘l h()<l of fra.cl iona) 
aelse)r[)tde)n e)n e*e><*oanul. e‘ha, reload anel (*s(i- 
mad.e*el by spe‘e*da’e)'"phe>(.om(‘( ric (‘Xa.minad ion 
e)f Krypt-em line* in a. "riucke*!* " disednirge* 
t.ube*. anel ga.ve* t he* vadue ed’ I -.HI - 10 ^ 
Krypt.e)n : a,rgon (pa.rls by volume*). 

Dr. I5re)ely a-nel Dr. Keirdsy Paradaii 

Xcc., 19.35; 31, 517) a.dop(,e*d a, pun*!)- 
e*.he*mie*.al pre)(*.e*elure* lor (lie* s<*paira.l ie)n of tin* 
rare* gas<‘s e)f tdie* ad inospl)e*re‘, a.ve)idiug all 
ele)u})tH arising fre)rn ri‘a.<*tiemad elisldllad ion or 
adse)rptde)n, e)l)t.aiiue*d spe*e*d rogra.ms ed' (*tnis* 
sie)!! in aai e*le*.cta'ie*. elise’harge* a.nd ele*! e‘rmin(*d 
the re*lative‘ inta*.nsit.y eif the* sp(‘e‘frmn Iin(‘s of 
.Krypt-e)!! in r(‘latdon tei semie* eif the* w(‘ak(‘r 
arge)n line*s. A H(*rie‘s e>r a-rgon-Kry [)te)n mix- 
tures of kue)wn e*.e)mpe)sit.ion were* pr(*pa.n*d, 
the relative* iute‘iisil.ie‘s eif tlie* same* line's 
determiimel anel the* Kry])te)n e*.e)Jde*nt eif “air 
argon’' calculateel by int(*rj)()lation. 3diey 
arrive at the value of l-(>xl(H Krypton: 
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The aro-oii content of air being 
{)*<Kh5 ])(‘r cent, by volume, the Krypton 
(^()nt(4it is 1*5x10"^ volume parts'^ (i.e., 
l*r)Xl() per cent, by volume) the most 
a('(*ura.t value up to the present as claimed 
by tiu^ authors. 

K. S. R. 


Chemical Composition of Root -Rot Affected 
Peas. 

OnAU,A(rri-uuSTU^ differences in the chemical 
comi>osition of peas affected with root-rot 
as compared with peas from healthy plants 
ar(‘ noted and discussed by Kertesz, Horsfall 
a.nd Rouse in the Journal of Agncultural 
R(usear(Ji^ Vol. 49, No. 9. The root-rot 
under reference is not due to any single 
organism but a complex comprising Pythinm 
!Spp. and Rhlzaetonia solmvi Kuhn. The 
striking difference in outward appearance, 
is the decidedly larger size of the affected 
peUvS in really all stages of ripeness, due, it 
is suggested, to tlie quicker translocation of 
(hirbohydrates into the ovules. The in- 
jur(‘d root syst(un seems to curtail the water, 
nitirog(Ui and ash supply, which results in 
tlie s(d.ting of peas with a lower water- 
content and a lower ash and nitrogen 
contcmts in th(‘. dry matter. 

A. K. Y. 


Plant Growth as Influenced by the Deficiency 
of Available Soil Manganese. 

(hiLOROSis associated with insufficient avail- 
abl(‘ rtiairiganese in the soil has been studied 
by H. E. Gilbert and the results of several 
yi^ars’ (vxpcvriments connect dehnitely Mn 
chlorosis with soil alkalinity {.Rhode Island 
iSlta. HuL, 21 0). In the soils studied the 
c-ritie/<d range seemed to lie between Ph 6 *8 
and 7 though it could not be linked with 
soil type. Props differed greatly in their 
suscHvptibility. In certain cases Mn defi- 
cien(*y r(‘sulted in decreased yield without 
visibi(^ (dilorotic symptoms. 

{8])raying the plants with sulphate of 
inanganes(^- at the rate of 8 lbs. per acre 
afforded a ready means of correcting the 
defect, as likewise in the alternative by 
manuring with the sulphate at the rate of 
30 lbs. per acre ; the effects of the manure 
did not persist, however, for more than a 
year as a corrective. Manuring with sul- 
phate of ammonia or other means of counter- 
acting the effect of excessive liming also 


acted as a preventive (abstracted from the 
Expt. Sin. Record, January 1935). 

A. K. Y. 


The Sugar Content and Odour of Clarified 
Extracts of Plants as related to Their 
Susceptibility to Insect Attacks. 

Investigations tending to show that the 
susceptibility to attacks by the Japanese 
beetle {PapilUa J aponiea Newm.) is more in 
plants, the clarified extracts from which are 
low in their content of reducing sugars and 
which possess a fruity odour than in those 
whose extracts show a higher sugar content 
and possess no such fruity odour, are de- 
scribed by Metzger, Van der Meulen, and 
Mell in the J ournal of Agricultural Research, 
Vol. 49, Ko. 11. The plant extracts were 
mostly from leaves, and with ethyl alcohol, 
the clarification being effected by lead acetate: 
the investigations related to 97 species and 
varieties of plants. The extent to which 
plant extracts of various kinds can act as 
an attractant or as a repellent affords a 
study of much economic value in combating 
insect pests either by the method of baiting 
and destroying or by that of keeping them 
off, and it will be a fruitful line of work if 
a study with this subject should be syste- 
matically undertaken in regard to crop 
pests of this country. 

A.K. Y. 


Kiln Drying of Wood with Ozonized Air. 

The use of ozonized air for kiln-drying of 
w'ood has been advocated, particularly in 
France, as it is claimed to give better results 
than the usual methods-. The addition of a 
small quantity of ozone to the air has been 
supposed to accelerate and facilitate season- 
ing, especially in the case of refractory 
timbers. It has also been claimed that 
ozone-dried timber suffers less from season- 
ing defects and is less susceptible to atmos- 
pheric influences. In his little book of 
twenty pages, Mr. Kapur (Indian Forest 
Records, Economy Series, Vol. XX, Part XIII) 
describes the experiments carried out by 
him at the Forest Eesearch Institute, Dehra 
Dun, on the kiln-drying of various species of 
Indian timber with ozonized air. Experi- 
ments with and without ozone carried out 
under otherwise identical conditions showed 
conclusively, that from the practical point 
of view, kiln-drying with ozonized air has 
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a,])S(>!ul<‘iy no jui ()V(‘r 1 h(^ usual 

nu'lhods. lu ru,('|., Uk* id<‘ai Mia.l: ozuniz<‘({ 
air iuiiS a-uy IxuuduaaJ <dT(‘(‘t in scabsoiiinii* 
wood is |)!‘ov(‘d to Ix^ iuort‘ or hsss a. sujxu'sl.i- 
tion. 

(\ V. 


The Dutch Elm Disease. 

A . W . M( '(4\Taa I m , .E()r(‘sl, Patliolo^ist, 

has (Ussoribod (Panii)lil(‘t No. 159, jSow 
8(U‘ies, DopartuKuit ol* Ai>’ri(uiltur(‘, Canada) 
a fun^ 4 ’us dis(*aso a(T(‘(‘.tiii^ tlio (dnis in the 
Cnitaal States sirua'. 19:^0. Elms are eoni- 
nuvrciailly import, ant in Canada and ^(uie- 
rally rank foiirtli amon^? the hard-woods in 
r(‘^ard to a-nniial production. It is a, Iso om^. 
ol‘ t;lie most valuable orna,m(mi,al (,re(*s va.lu<al 
tor its ra])id ii,*r()wtli, attractive form and 
moderuitc^ shade. 

^:>udden wiltiniij and ydlowin^’ ot l(‘av(\s is 
one ot the most (‘hara(‘t(U’istic <‘xt(‘rna,l 
symptoms. Tln^ leaves .ti,'et shrivelhal, ami 
becom(‘, brittle and tlie disease^, pairti(ada,rly 
in the ease ot bi^‘ tr(H‘s, ma,y i>(‘ eonlimal 
to one or I, wo bran(‘h(‘s at tli(‘. ('.onumuna*- 
ment. l)is(‘aiS(ai t,re(‘s otlen produc.(‘ v(‘ct.ors 
alon^' th(‘- main st(uu a, ml tlu^ l)as(^s of hir^a^ 
branches. 

lnt<‘rnal symptoms ('.o!isist, of Ui brolnm or 
complete rin^* ot brown dots in th(‘ (u-oss- 
section ot tli(‘ sap w'ood. A l.on^»’itudina,l 
section will reveal brown isli stnui-ks va-ryin<»’ 
in nunilxvr a,(‘(*,ordini»’ to roots a,s w(di. 

ldi(U‘uni 2 ;’us (ilraphlvni Viml) is princi[)a,lly 
spr(‘a,d trom trt‘(‘ to t,r(*(^ by unmans of spends 
adh(u*ini»* to the bo<li(‘s of dm bark Ixadh^s 
and is also wdnd-borm*. <k)nl,r(d im^aisurcvs 
consist ot d(‘ca,[>itiati()n of alb'clcal limbs in 
th(‘. (*a,s(‘ ot pa,rtiailly a,(T(‘<d,(‘d i)la,nts but, it 
t-h(‘ main sti(‘m is ai(T(‘.(*l(‘d, not,hin<;’ (am Ix' 
dome t-o sav(‘ th(‘ tnxa To |)rev(mt, th(‘ 
tun^^os ti’oni si)r(aidini>’ l,o lx‘a,ll,hy tr<‘.<‘s, 
it, is n(xa‘ssary to (has troy t,hos(‘' aihaoidy 
inr(xd,(‘d. It, is hopcal t,h(‘ (‘ntoiaamuai t, ot 
siK'h (^xt,r(mn‘ (‘ontrol rmaisunas, it t:a,k(m 
(uirly (mou,i>;h, may tosuII, in th(‘ total elimi- 
na,t.ion ot tlx‘ tun<»’us. 

M. S. 


Role of Wlk. 2Lnd ^tomoxyn 

(hihltrayis' Linn, in the Mechanical 
Transmission of Rinderpest. 

ItiNDinmiisa' bcung th(‘, most common and 
tatal ot epizootics in India any addition 
to th(^ existing' knowledge ot this (lire disease 
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is most, wxdeonxx Hlmtla- lia.s r(‘port(al tlx' 
r(‘sult,s ot his (*,\ [xu'inKuits to (ind (mt if 
Tahanua Orirtilis VVlk. a,nd Mo/y/o.ny.v (Uifvi- 
trans Linn. a.r‘(‘ in(*rimina,t.(‘(l in {li(‘ tra-nsmis- 
sion ot ttiu’s dis(‘a,s(‘ {lyidUtu Joiiryml of 
I d'lerlnary a n d A yt i yyy a I II uhIxi yt dy'ip 

1955, 5, Part, I). d1i(‘ (‘xp(‘rim(mt.s wliicli 

wer(‘ v<‘ry (aird'idly eonduet (‘d ha,v(‘ provasl 
that, T. Orlvnd.hv.'Mx t,ra,nsmit. tlx* dis(‘a,s(‘ iind(*r 
natural (‘.onditions trom tlx* inr(‘(‘t(‘d to 
hi‘a,lt,hy ea.t,t,l(‘ a,lt,hough N. Ce/e/Vru/ns* was 
tomxl t,o l)(‘ inca.j>a,bl(‘ of doing so. It had 
IxMui known t}ia,t. (ilossy yat yyyorsUayys \\a,s a, 
c.ontirnxMl v(Md,or of th(‘ (lis(‘a,s(‘ in Africa,. 
ldx‘ pr(‘S(mt, (‘X p(U'inx‘nt.s ha,v(‘ coixdusiv i*ly 
showm t,hat, TahyuiKs is inv(dv(‘d Ix\voiid 
doubt, in th(‘ trainsmission of tlx‘ dis(ai,s(' in 
India,. Th(‘ \vril,(‘r HUgg(sst s turtlxu* (‘xpiul- 
nxmt-s with ot,lxu’ sp(X‘i(‘s of biting a,n(l iioix 
bi(,ing tli(‘s in ord(u* to (*orxdud(‘ wliidi (d’ 
t,h(un a.r(‘. |)r()ba,bl(‘ vaadoi's so 1 lia,t ixMasssarv 
e.()ut,roI m(‘a,sur(‘s ma,y a,(‘cordingiy Ix^a-dopicll 
to ch(‘ek (h(‘ spr(‘a,d ot iLn(l(‘i’p(‘s(. ;tmoiig 
b()vin(‘S in this country. 

S. 1). A. 

The Diet and tint Hrain in Kishes. 

P>. S. l>iii:\iA(m AK*. (T. I\. N,, Scries Ih I9:;r» 
177) ha.s point (m 1 out some int(‘j’esl ing 
(‘orrelal ions IxdwaMui the t(M'ding habits and 
t,lx‘ st,rixd.ui'(‘ (d‘ ( lx‘ nxalulla- ol)longa,ta, in { in* 
S(Mith India, n Pyprinoid lislx's. 'I'li{‘S(‘ tislK^s, 
a,c.(a)rding (,o t(xdr IVeding liabits, can he 
(livi(l(al into two ma,in groups 1. Ilms(‘ 
whidi haai by ta,st(‘, a,nd !!. (ish whidi r(‘C(l 
by sight.. In Mx* foruxu’ giauip the lislx’S 
a,r(‘ bol.tom r(MMi(n‘s a, ml I h(‘ tasl(‘ buds in 
pha-rynx ( L(‘pidoc(‘pha,liet hys) or on (ht‘ 
l)a.rbds a,nd 1 Ix^ srxxit ( Nxnna.ehilns) an* 
r(‘sponsibI(‘ for sorting (ud food and 
eorn^spondiiigly . tlx‘ir n(*rv(* r(‘nl!H*s in I lie 
bra, in, (*ith(*r tlx* va.gal or Mx* Fa.eia! I(d)cs, 
a,r(‘. v(‘ry w(*n (l(‘V(‘fop(*d in llx*S(* forms. In 
t,lx‘ sight, f(‘(‘d(‘rs (Ihi-sbotn,, Na.nria., Ihniio 
ami ('bda.), t,lx* \ a,ga,l a,ixl (lx* fania.l lolxss am 
V(n*y snia.ll a,nd t lx‘re is a w<‘ll d(‘V(‘lop{*d 
(*.(*n(,ra,l a,couHti(* a.r(*a, or lolx*. 

I'hc Brain of Gadus. 

An inif)ortaut, eon tribnt ion to oui* kix)wl(‘dg(‘ 
ot the piseiix^ bra, in ha,s b(‘(‘n ma,(l(‘ by jl. 
Muir Evans (/h JL /S., 1955, 177)* in 

his paper on tlx*, bra.in ot (Ja.dns. In tix* 
first ])art ot tlx*, pajx*]’ lx* d(*serib(*s in d(‘taii 
the medulla oblongata of tlu* VVliit.ing {(UkIuh 
merlangus) and eomi)ares it,, with stulal 
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Ht'ci'ious oi* th(‘ (■oriH'spoudinji; r(\G,‘ioiis, with 
lha.l (>r 1 lu‘ Itoach. An attempt lias been 
nui(h‘ in the scm'oikI part to correlate ttie 
strn('tiin‘ of tJi(‘ liind brain with the feeding 
habits of diffm’mit. (Jadidin. 

'Vhc author lays considinahle str(\ss on the 
(existence of 1 riu‘ fai(‘ia.l lobes in Oadidie 
siii<*(‘ tlnur prisseiKH' in theses forms has been 
d(Mii(Ml by pr(‘vi(>us workivrs. It. has been 
sta,((Ml that., w'hih' idimtifying the various 
lob(‘s of th(‘ bra, in, important consideration 
!nis to ]>i‘ givim to t heir histological structure 
in addit.ion t,o the nerve trunks and their 
asso(‘iad(al t ra.i't.s. The somatic sensory area 
or th(‘ olh lob(‘ is V(U‘y prominently d(‘veloped 
in th(‘ pnahMuous imunlxu’s of the Gadida^, 
\vhil(‘ th(^ fa,cia,l lob(‘s ai‘(‘ well di^veloped 
in t li{‘ forms whi(*.h fisul on crustaceans, 
!nollns<*s jmkI worms. 'The (hmtition is also 
luodiliiMl {M'cording to th(‘ nature of the diet. 


Basic Xenoliths and their Grain-size. 

l>i'ivMN(J r(‘(‘(mt, y(‘ars a large volume of 
lil(‘r:i.tnr(‘ ha,s d(‘v<‘]o[)(‘(l dealing with the 
various asp(‘<‘.ts of th(‘ basic xenoliths, but 
f(‘\v p(‘opl(‘ ha.v(‘ aittia(*hed any importance 
t.o tlK‘ a,i)pa,r(mt; relationship between the 


grain-size of the xenolith and that of the 
host rock. This problem has been lately 
studied by Miss Joplin of Cambridge {Geo- 
logical Magazine, No. 851, May 1935). She 
has made a detailed study of the xenoliths 
and their grain-size, and depending upon the 
Avork of such well-knoAvn petrographers as 
Nockolds, Tilley and Campbell Smith, she 
has come to the conclusion that in most 
cases xenoliths are more fine-grained than 
the. host rock. This discrepancy is brought 
about by recry staliisation and hybridisation 
in rocks. Under the influence of thermal 
metamorphism, large mineral individuals are 
broken up into smaller granular units, thus 
bringing about a reduction in grain-size. 
Similar effects are produced in metaiuorphic 
rooks wliere poikilitic structure is so common. 
Discussing the case of hornblende in this 
connection, slie has suggested that Avlieu 
criss cross flakes of biotite are developed it 
leads to a finer texture. Further it is inter- 
esting to note that at a late stage in the 
hybridisation of rocks, hornblende becomes 
so highly poikilitic that disruption is immi- 
nent, and a slight movement of the magma 
I is sufficient to produce a fine-grained aggre- 
I gate. 


Science Notes. 


f^arafjbi Filnis In (he Study of Infra-red AMorp- 
lion Suectra . — I)rs. N. It. T<i,\V(lc, G. Naik and 
1). I). of tlK‘ Royal Institute of Bombay 

obs(‘i‘V(‘ : “ (Jreat diniculty j^'cnerally presents 

ii,s(Jf in i'lie prei)aratj()n of paralTin windows for 
a.bs()rpih)n cluutduu’.s in the infra-red work. 
e:ss(‘nl.ia.l rav.l,()i's in i)r(‘paring a proper film are 
(i) t.lM‘ h()in()g<‘n(uiy of the film, and (ii) the thick- 
ri<‘ss of the lilm. , , ^ • 

\N’hil(‘ studying the experimental technique 
of inrra.-r<Ml ahsor])tion me:asurements, we tried 
various uudhods of pre])aring such films. The 
proei^ss of pr<‘pa,rin}i; a, film on the water surface 
\va.s ra,th<‘r easy, hut it liad tluvfoll owing defects : 
(/'/) film was not of unilorm tliickness, {u) 

if. <’annot b(‘ nia.d<‘ very thin, for in doing so, it 
(iois I.crforatod, aiul (r) it is not lioniogeneous 
l.lirougliout, for llioro is every cliancc of water 
vapour r(una,ining (unhedded witliin the nlm, 
i lnuadiy ^n(u•(^a,sing the absorption of the infra-red 
ra.(lia,tion. Afbu- (^(dosing the IKU gas for about 
24 hours in a ehamher closed with this mm, 
ruimit(‘. a.rid drops were formed on both sides oi 
this film, showing that it was permeable to ilCl 
Ljas for* lh(‘ thickness desired. It was tlierefore 
best if the films w’cro quite free from any traces oi 

"“■’‘"Ml'iV.fvny (Zeii. /• t'/ijysifc, 1927, 44, 235) and 
1.. Kellner (Zeil. f. Physik, 1929, 56, 21^ 
have tl(iseribo.d a inctliod of preparing this film 
l)Y iKuiring paraffin on a plate of glass which was 

piwiously heated, and on which, a thin membrane 


of celluloid was spread. The film was taken out 
by removing and breaking off the celluloid 
membrane. The thickness of the film thus 
obtained Avas rather high, i.e., 1.2 to 1.5 mms. 
or even more. 

“During our experiments, we thought of 
preparing^ the film by spreading paraffin on a 
clean surface of mercury which was kept at a 
suitable temperature. The advantages of using 
this method are found to be the following : (a) 
no trace of water will interfere ; (&) the film is 
of uniform thickness throughout ; (c) the film of 
any desired thickness can be formed ; and {d) the 
film is not permeable to HCl gas or air. There 
is not the slightest trace of moisture on the 
outside surface. 

“In order to test the homogeneity and uni- 
formity of the thickness of such films, we have 
examined the absorption for heat rays, of the 
films prepared both on water and mercury surfaces. 
These were obtained with thickness withm the 
desired range and examined for absorption at 
various sections of their area under identical 
conditions. The mean value of percentage absorp- 
tion was determined in each case. The deviation 
of various readings from the mean showed that 
for the thickness desired for the purpose of these 
experiments, the paraffin films prepared on 
mercury surface give, on the whole, better results 
than those prepared on water surface, ihis 
can be verified from tbe following whicb^^is 
typical of tbe diflerent sets of readings taken. 
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Notes on “.4 study in the mode of pollination, in 
Portiilaca quadrifida Linn.'' — Mr. S. Gliose, 
St. Xavier’s College, Calcutta, writes : — “While 
making a study of the physiological causes of the 
movement of the petals and leaves oi For hdaca 
quadrifida L., I observed that the pollination of 
the flowers of the plants under observation showed 
a very interesting change in their mode of polli- 
nation. The pollination of the flowers of Portulaco. 
grandifolia Lindl. and P. oleracea Linn., was 
studied by De Bonis {Rii'.fi-s. 'mat. Sc. nat., Pavia, 
1893) and Iverner {Nat. Hisi. FI. Eng. ed. 1,11,395) 
respectively and they found the flowers of 
these plants to be either partially or wholly 
cleistoyamous. 

“ The flowers of Portulaca quadrifida L., 
however, show a very interesting change in their 
mode of pollination. The terminal portion of 
the axis on which the flowers grow is cup-shaped, 
inside which the flowers remain concealed, sur- 
rounded by four terminal opposite leaves. In 
continuous deep shade or in darkness the flowers 
do not open, but remain enclosed in the fold of 
the leaves, thus ensuring cleisiofjamy. 

“But in course of this study, I found the follow- 
ing facts 'which distinctly indicate chasnwyamy 
or cross-pollination. (1) Plow^ers always termi- 
nate a vertical branch. (2) Flow’ers though very 
small are made conspicuous by their large numbers, 
bright yellow colour of the petals, and all blooming 
at a time. (3) As the day advances the flowers 
emerge out of the cup-shaped axis and the folds 
of the leaves and place themselves quite exposed. 
(4) An average of about two hundred readings 
sho'ws that light and water supply being suhicient 
the flowers all open between 10-4 5 a.m. and 11 
A.M. and remain open for about 2 hours and 25 
minutes. (5) The style is longer than the fila- 
ments of the stamens. (0) Serial sections of 
some freshly opened flowers show'ed no sign of 
pollination. (7) Ants, flies and sparrows are found 
to visit the plants when the flowers remain open. 

“Study of the above facts show that the pollina- 
tion in Portulaca quadrifida L., is dependent on 
external conditions, such as light, temperature 
and humidity. 

“A complete paper will be communicated else- 
where.” 

'At 'At 

A Note 071 Microspore-for7naii07i in Melosira 
varians Ag. — Mr. M. Abdul Majeed, Botany 
Department, Government College, Lahore, 
writes : — “Microspore-formation has been studied 
in Melosira varians Ag. at its natural habitats 
in I.ahore and its vicinity and experiments have 
also been performed to produce it culturally in 
the Laboratory. 


“Although the Knop’s solution did not give 
much satisfactory results with this Diatom," the 
writer, however, was successful in cultivating 
it on the solid media of Agar Agar. (Method 
employed by Richter- Rein Jvulturen von 
Diatomeen, 190G). 

“The long filaments within a period of 8-10 
da^^s broke up into single individual frustules, 
and the inner contents of the protoplast by 
numerous successive divisions formed 8-16 or 
more protoplasmic bodies (microspores), each 
4-6/x in diameter. These naked cells later on 
emerged out of the frustules after about a fort- 
night or so and then developed new siliceous 
walls.” 


Birthday Tio7iours : — 

Knighthood. — Dr. L. L. Fermor, o.b.e., d.sc., 
F.G.S., F.R.S., Director, Geological Survey of India. 
C.T.E. — Lt.-Col. R. Knowles, i.M.s., Professor of 
Ihotozoology and Secretary of the Calcutta 
School of Tropical Medicine. Dewan BaJiadur . — 
Rao Bahadur L. K. Ananthakrishna Ayyar, 
B.A., L.T. Bao Bahadur. — Mr. M. Vaidyanathan, 
M.A., L.T., F.S.S., Statistician, Imperial Council 
of Agricultural Researcli. Bao Sahib. — Dr. T. V. 
Ramakrishna Ayyar, Rntomologist, Agiicultural 
Research Station, Coimbatore. 

:|: :!: At 

Wind Data for Wind Mills. By V. Doraiswamy 
Iyer, lUA., Scimtifiv NoUs, India Meteorological 
Department, 6, No. 03. Pp. 57-85. — Monthly 
normals of wind velocity for 205 observa- 
tories in India and a few stations in the neighbour- 
ing countries are given and the distribution of 
wind velocities in the different seasons is illus- 
trated by charts. Curves of the diurnal variation 
of wind velocity at 22 stations for the four seasons 
are given. Tables giving the frequencies of 
occurrence of wdnds of different speed ranges, 
and of days with different total duration of wind- 
speeds exceeding (5 miles per hour wdiich is con- 
sidered the minimum for woildiig a wind mill for 
agricultural i^urposes, have also been prepared for 
fifteen stations. The data i^resented are briefly 
discussed. 

: 1 : :|« 

Chromium Steels. — [11 is Majesty’s Stationery 
Oflice, Price, (Post Free) 8.9.]. This book presents 
a comprehensive review of published informa- 
tion on the plain chromium steels, and gives a 
detailed account of their history, constitution, 
mechanical and i-)hysical properties. The uses 
of plain chromium steels (structural steels, case 
hardening steels, steel castings, gauges and dies, 
ball bearings, rails, valves, etc.) are also dealt 
with and some hitherto unpublished work carried 
out at the Research Department, Woolwich, is 
described. The treatment of the subject will 
make tlie work of interest and value to metallurg- 
ists and engineers. 

:|: ;1: sic 

The Cadak Festival. — In a paper jmesented 
before the Asiatic Society of Bengal, at an ordi- 
nary meeting held on the 8rd June, Mr. K. P. 
Chattopadhyaya described a festival observed 
in Bengal, called the Cadak festival, which is 
associated vvith the vernal equinox. The cere- 
mony begins a week before the end of the month 
of Caitra (March- April) and culminates on the 
last day of that month, which also marks the 
close of the year in Bengal. This date is known 
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as t iH‘ (lay of the passing of the sun into Aries 
(Ma.havisiivii samkrilnti). Actucallyit comes after 
the (lay of tlie vernal equinox by about three 
\V(H‘ks. 'Phe name, liowever, indicates clearly the 
association with the efpiinoctial day which once 
(lid c.oinci(l(‘ with this date. The end of the year 
in Ihmgal aq)pcars in course of time to have 
la,gg(‘(l biddrid to tins extent. Tlie traciitional 
origin (>f the festival is that on this date king 
Va.ua, in order to please Mahadeva, drew blood 
from his body as an offering an(i propitiated 
him by da.nces (along with friends) which are 
fa.vouiHMl by liim. 

:!= = 1 : 

f /(>/(/ Depots Its in Trichy. — It is understood that 
M r. Nara,inda,s (lirdharidas has taken prospecting 
n!in(\s’ l(*ase for ex])loiting auriferous quartz, 
(tarrying p\' rites and gold, witli horn blende and 
mica, schist. '’rh(‘ mines lia,ve been tapped in a 
villa.g(‘ in K ulii.ahu Taluk, Trichy District. The 
v(‘ins riiiiniiip,* across cover an area of 3 square 
miles. 

:|: : 1 : ; 1 : 

(tlfiss M (t hi Hyderabad, — The Depart- 
nnnd. of Vooiinertto a,nd Industries has recently 
givmi a, (illif) bo the work of reviving old industries 
by start.! ng n, glass factory in the suburbs of the 
1 1 yd(‘iviba.(l City, Tlie factory lias been equipped 
wit h up-t-o-dato plant and is located close to a 
range of hills rich in cpiartz. 

''rh(‘ manufacture of paints and varnishes lias 
a.Is() hcvn sba.rted, and it is liopcd that very soon 
t.h(‘ Stat(‘ will be able to supply her local needs. 
It. may h(‘ mentioned that, at present, the total 
iinpori'S (‘xceed ten lakhs of rupees. 

:i: •-!: =1= 

Hniit (UtJti ration in Hyderabad. — The Imperial 
('outndl (d* Agric^\iltura,r Hesearch has recently 
givem a, gra, nb to the Agricultural Department for 
ca,rrying on researcli work on grapes and custard 
a.pph‘. 'Ph (3 activities of the Agricultural De- 
pa.i-t.uKud. in the development of fruit cultivation 
ha,v(‘ iMMumtly been intensined with the result that 
ke(Mi iut(‘r(nsb has been aroused in the farmers. 
An (‘xtensiv^e survey of the fruit growing industry 
has a,h-(‘a.(lv been made and in the Aurangabad 
Dist.rict., wbudi is reputed to be the best fruit 
growing a-roa in tlu*. State, experimental gardens 
ha,v(‘ bc(m ostablislied at I Hmayatnagar, Sanga- 
r(‘(l(Ii, Ik'ublnini, Warangal and Raichur. Train- 
ing c.lass<‘s liiive been started in the experimental 
fiiians wb(n*e studembs receive instruction in the 
.s(’i(‘n{.ili(r niet/hods of fruit culture. 

. 1 : 5 |; 5 !: 

In the (jourse of an address on the future of 
snga.r industry in India delivered before the 
Hoyal Socueby'of Arts, London, Mr. B. C. Burt, 
Agric.ulturad Adviser, Imperial Council of x\gri- 
cult.ural Research, said that the season 1935-36 
will S(M‘ about 145 modern factories in operation 
witli an (‘sbimatod combined capacity of 810,000 
tons of sujgar annually. For further expan^on 
in Northefn India there is little room. The 
(iev(Vl(>pme,iat in the south will he gradual- Th^^e 
is great scope for factory sugar, and this can be 
senm from the fact that for the quinquennium 
ending 1931, the average consumption was 
9() 1,000 tons- The sugarcane crop whicjh is an 
all-times crop has given the Indian cultivator a 
r(Vlativ(Vly lai’ge income for his labour and em- 
ployment throughout the year; by closer co- 
operation between the factories and growers, the 


future of the Indian Sugar Industry will be 
assured. 


Preparation of Sugar Syrup from Cashew 
Apple . — The Department of Industries, Madras 
Government, have during recent years taken keen 
interest in the development of cottage indu.stries. 
Decently they organised a demonstration at 
Mangalore on the preparation of sugar syrup from 
cashew apple, a fruit which is now* being ex- 
ploited mainly for the cashew nuts. The juice 
tha.t can be extracted from the pulp contains 
about 10 per cent, invert sugar. But the tannins, 
phen(>ls and other unknown constituents of the 
fruit juice render it unsuitable for use. Besides, 
the juice perishes very quickly. To preserve 
and make available the sugar of this apple, it is 
necessary, therefore, to remove the undesirable 
constituents and prepare a concentrated syrup. 
This is done by treating the juice with slaked 
lime, filtering off the precipitate formed through 
cloth, adding a little acid and concentrating the 
filtrate in an open pan over a fire, to about a 
sixth of the original volume of the juice. Thus a 
thick syrup is obtained, golden yellow in colour 
and almost odourless. About an ounce of syrup 
could be prepared from five fruits at little cost. 

The syrup, containing as it does only invert 
sugar, is easily assimilable and therefore makes 
an important article of food. Its greater use, 
however, would be in preserves and confectionery. 


.At the time of the tenth anniversary celebration 
of the Establishment of the Indian Cotton Com- 
mittee and the Technological Laboratory, on 
29th May, certain extensions to the field of 
activities envisaged by the laboratory were made. 

The laboratory was originally intendeci for 
helping cotton breeders to evolve new varieties 
of cotton which would be an improvement over 
existing varieties, in point of yield, hardihood, 
ginning percentage, spinning quality, etc. The 
work of the laboratory was next extended so as 
to undertake the tests on samples submitted 
either by the East India Cotton Association or 
the Mill Owners Association of Bombay and 
Ahmed n.bad. A certain amount of work was 
also done to determine the susceptibility of 
cotton to certain insect pests. Researches on 
the properties of cotton fibre, as well as on the 
effect of the different processes on the quality of 
yarn spun from a cotton was also being carried out. 

It is now proposed to extend the scope of the 
laboratory, so as to afford facilities for investi- 
gations on bleaching, dyeing, mercerising, and 
finishing operations. The laboratory will aLo em- 
bark on a scheme of propaganda for disseminating 
scientific and technical information available to 
the indigenous industry. x x 

In this connection, it may he pertinent to 
refer to the recent statement of Mr. H. C. Shrot, 
who recently visited India, before the Lancashire 
Indian Cotton Committee, in which he mentioned 
that while in India he was shown several strains 
of cotton which compared very favourably with 
some of the cotton now being imported by Great 
Britain from foreign countries. It would take 
some time before these cottons could he produced 
in India in large quantities, but in a few years 
India would be able to supply England cottons, 
fully equal to what they were purchasing elsewhere, 
at present. 



628 


CURRENT SCIENCE 


IjliNl', 19: 


Pel}) and Paper Conjcrvaa'c.- - \ (*<nir<‘r(‘n(*(‘ ol 
pulj) and ])aj)oi‘ ini.(‘re8ts in India. ni<d. at ( 'alcutta. 
on Mai-cl) llUh a,nd Mill, and a,s a. of tho 

discussions it was [)roposcd to rtapiest t he pa[)(‘i* 
jnilp section of tlie I-i'orest Hesearcli Institute* 
at Debra Dun to investij^ate, (1) Tlie inc^clianica.l 
ti'eatnient of bamboo prior* to digestion, (2) Ma.nu- 
facturc of mecluinical pulp from ba.inb(K)s, 
(2) Treatment of mixed species of ba.inb(>os, 
(i) bLxami nation of vSabai grass {Isrhocinam 
(oa/astifoli an}) from differerrt are.a.s witli i*egard 
to percentage yield of pulp and bleach consump- 
tion, and (5) Investigation of the various cause's 
responsible for the discolouration of pulps anei 
papers made in the mills. 

According to an Editorial note publishe‘d in 
the I ad } an Forester, the woi*k will be* ta.ke>n in 
liand by the Foi'est. Uesearch institute* a.t\d 
carried out as epilckly as staff anti, funds pe'rmit'. 

:1: ;1: 

Under the auspices of the Indian Socae'ty, 
London, an exhibition was oi'ga.nised at the* 
.'Mpine Chub Hall; the collections e)f Mr. ,1. P. 
Daker, one of the world’s foi‘eme)st textile* pi*int(*rs, 
consisting of beautiful specimens of hand paint-t*tl 
cotton of the eighteenth century are on vienv. 
These exhibits, which liave been grou{)ed unde*!* 
three classes, i)ure Indian, (hiinese induemce*, a.ud 
Western influence, cannot fail to impress llu* 
glorious art tha.f' was India’s. 

:|; 5l: :!: 

A. scientific expedition under the leadership of 
Ih'ofessor Mark of Vienna University, has dis- 
covered that glacier ice on the Jungfrau (Switzer- 
land) contains heavy water in 1 : 2,500 concen- 
tration which is double that present in normal 
ice. iChem. Age, 1935, 32, -105.) 

:i: :!: ;|: 

What is considered to be the world’s rarexst 

liquid, “heavy oxygen water” is now being 

produced at the IJniversity of Ma-nchester by 
means of a recently constructed diffusion aj>pa.- 
ratus. Professor M . l^olanyi and J. ,B. M. 1 l<*rl)(*r(. 
recently demonstrated the production of h(‘a.vy 
oxygen water by the newly designed a.ppa.ra.tus 
which is capable of yielding only 2/5 of a. tlrop 
per day. One atom out of every 100 of oxygmi 
lias an atomic weight of IS, and the conc(*ni.ra.- 
tion of heavy oxygen is consideuul to b(^ a,n 
achievement, since the dif/iculties a,r-e much 
greater than in separating the thi*ee kinds of 
.hydrogen recently discovered. 

:|: :|; 

Professor* William 0. Pose of tlu* Universil.y of 
Illinois recently announced the rcusults ol’ his 
experiments on the isolation of a-a,min<)-j3- 
Iiydroxy butyric acid, an amino acid whidi is 
claimed to be absolutely essential to grf)wth and 
life. Tliis essential amino acid has also b(‘(‘n 
prepared synthetically. About five y(‘ars ago. 
Dr. Rose and his associates fed animals with a, 
mixture of foods fj*ee from protein but containing 
a, mixture of all tlie 21 amino acids then, knowri. 
The animals receiving such a food d(*clin(*d 
rapidly in weight and eventually died, '^riris wa,s 
interpreted to indicate the presence, in ])roteins, 
of a hitherto unknown component which, was 
essential to life. Further research resulted in 
tlie isolation of the new amino acid, wliich when 
added to a protein-free diet containing the 21 
previously known amino acids produced normal 
growth. . I 


An bllertrolyi ie Proc(‘Ss for oxi ract ing cast 
and la(‘(<>s(‘ fi*oiu skimtiu'd milk, d(>s<‘rib<‘d 
,1. Knit) (./. S(>(‘. (dion. Ind. ft ((pan, llt'M, No. 
iit ilisi'S a, i.iii*<‘(‘-(*ompai*l iii(‘ul dial> S(>r. I’he t’ 
eud (*ompnrtnu*uls ar<* lill(*d with waJc*!* a 
cotiiaiti resp<‘(*t i V(‘l >• a. carbon anoih* and ;i. hr.* 
eallKxh*. A<ljoining tlu* anoch* is a. <‘hi*omal. 
g<‘lal iu(*-impi*egna( (*d silk uu'mbraiu* vN liih* t 
m(*mhran(‘ at- tin* catbod** is utaih* of similai 
impr(‘gna,ti‘(l (*anvas. 'riH'S(' nmmbra.nes <q)iK 
passa.g<‘ of la(*t.os(‘ towai’ds tlu* <M'ntral chainb; 
Strict cont rol is kept of t lu* avidit y in t lu* e('nt.i 
compart uient.. During uloet i-ol ysis (100 vol 
1 a-mj).), a, grailnal r(*dnction in hy<lrog(‘ti-i 
(■.o!ie(*nt rat ion is rucor<h*d as t lu* vai’ious niut al 
ions (calcium, niagiu'sinm, potassium, ut 
migra.t<‘ to tlu* (*atiu>d(‘ (*( nn pa rt inent. whih* t. 
a.(*i(li(* ions pass into t lu* aruxh* rom par*t nu‘i 
On a.pproa.<*!nng l lu* iso--<‘l(‘(*{ I'ic point , ease 
b(*gins t-o coa.gidato and is supai'ated in a vv 
piii*<‘ form !)>’ tilt i*a.t ion whih* l lu* lilt rat (* is 
la.(*t.os(‘ solution liko\vis(‘ fr<‘(‘ from all but- t ra-t^ 
of miiu*ra.l salt s. ( Mi(‘n\icall y pure la.rtosi* 
isolal(‘d by (‘vaporat ing in a. va,enmn. and cent 
fiigirig. (UZ/r/o Age, lil'15,32, 105.) 

■i I- 

According t'O a. nt>t.(* a.ppea.i*ing iti Seirn. 

(ITbl.SL Sci(‘nc(* N'<*ws, pag<* S) Dr. h\ A. Uibl: 
II. Davis a, ml IL L. tta.i’cuan of tin* Ilarwai 
Mcalical vS(du>ol, r(‘|»oi*t.i‘d t.t» t lu* Anu*riea.n (Miysi 
logi<^*d Soci(‘t.y t hal- a.n «*li‘ct rica 1 hook up l t> t-l 
brain prodiu*ing wn.v>' lines t ra(X‘d <in [)ap( 
giv<‘S a. new elm* to what. go(‘s wrong in (‘pih'ps 
O’lu'y lind by t iiis means t iiat. <*pi lepsy is probal) 
a. neurological st.orm which r<‘sults in gre 
piling up of <‘l(‘ct l■i<•a.l <lise!ia rges. 

•|: -I r 

A<x*or(ling t.o a. note ;ipp<*a.ring in Seii'a 

(1935, 81, .3 10) tlu* ca.usj* of llu* syriehrono 

lla. shing of (irelli<‘s is r<*ally to be senight in t 

mal. ing habit.s of 11 h*S(‘ insects. Pr()f(‘ssor .lol 
Boniu*r lbi<*k of tlu* Zoological Uaboratory, 3’! 
.lohns Iloj)kins ( ni v<‘rsit has showr) t hal 
Pfadinas pijralts, t lu* mah* (‘init. single Hash 
about- (‘V(‘ry .5.7 s(‘condM. 33u* femah* riunrn 
in tlu* gra.ss, a.nd cesponds Id som«* iu*ar nui 
by (lashing sliortly (2.1 s<‘coruls) aflei* each 
bis lla.sh(*H, 3’his (‘xebang(‘ of signals continu 
until t-lu* mah* i’<*a<*lu*s the r(*mal<‘. d'lu* (‘ssenti 
fa.(I.oi* invo!v<‘d is (hat. the female who (lash 
only in r(‘Mpons(‘ (.o l lu* (l.’ish of ( lu* m/ile invariab 
nuunlalns tlu* p(*riod of a.bo\it. 2.1 se<‘(u\ds 
wliidi she i*(*plies to the (lash of (lu* male, 
st.i'iking f<*a.t.ure ()r this ” attract ion ” is tli 
wh(*r(*a.s tlu* (‘xcba.ng<* of signals is initiated by 
singh* pair, o(lu‘r mah's within a, rnngi* «>f abo 
10 r<‘(‘t. oft.(‘n joitj in also, so that, as many as 
(li(*s ma.y lly towards oru* f<*mal(*. Tlu* sai 
r(‘K()()ns(‘ ma,)' la* iiulm’(‘d by s(‘h‘<*ting a. male ai 
in prop(*r imitation of tlu* femah*, llashi ng .'i I on 
light. al>(>iit. 2. I seconds aftni* ea.cli of his ilaslic 

>1- I I 

AI arketd n(f Oj'ficers far d’ranaa'are. At (he joi 
m(u‘ting of (lu* Ass(*mbly and the Uouncil 
3.h*a.va.nc.or(‘ pr(*si(l(‘d ov(‘i* by Sii* IMuhamm.* 
1 Ia.bibulla., a. sum of Ps. 3,110 was set. apai’l t 
tlu^ a.ppoint.m(*id. of ma.rki'ting ofhcc'rs. 

JK 51: :i: 

Professoi* S. U. Dlia,r, D.Sc., of the Nagfu 
Univc'rsit y ba.s just- r(‘turned aft.(‘r a. bru'f sojoui 
from Euro{)(*. During his slay in Europt*, I 
^ spent some time with Pror(*ssor Whittaker, ai 
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nia.<l<‘ soino, valuable contiibutious on Relativity 
and Autoo:raphic Functions. lie also spent some 
t with Professor Iladainand of l^aris and his 
diss(*f( ation on Mathiew Sanctions is regarded 
as a, sta.ndard work on tlie subject. 

Thr ('ouncil of the Royal Society, Ijondon, has 
a\va,!‘(l(‘d Dr. M. N. Saha, a sum of 1*150 for re- 
s^^•u•(•.h ou the theory of the Thermal Ionisation 
<)l (hvses. Dr. Saha has also been awarded the 
( ■arnt‘git‘ Itescarch Scholarship for the year 
Ih:i5 :>() by tlie American Carnegie Authorities 
for tlj<> ahove purpose. Dr. Saha is leaving for 
America in SeptemlKu* next. He will undertake 
a. world tour before j’eturning to India. 

-.1: " :!: 

Di’. .1, ,r. R,udra, at present Lecturer in Elec- 
trical TN'chnology, Indian Institute of Science, 
Ihingalore, has been appointed to the Chair of 
IHectrical hln^neering, (College of Engineering, 
IVL-ul]‘a,s. He is leaving Hangalore very shortly 
in ta.k(* up his new post. 

5l: 

Mr. ]). Ananda Rao, Principal, Agricultural 
(thh'ge, Coimbatore, has been appointed Director 
of Agri(‘ulture in succession to Mr. S. V. llama- 
inurthi, l.O.S. 

Mr. V. H.ainakrishna, T.C.S., Director of Indus- 
i.rics, Ma,tli‘a,s, has been appointed Deputy Secre- 
ia.ry to the (Government of Madras, Labour and 
Iudustri(‘s Department. Mr, Ij. B. Green has 
hetui a.ppointcd Director of Industries, Madras 
in. suciHission to Mr. V. Ramakrishna, T.C.S. 

:1: =1: :i: 

'I'hr MdtJuunatlcH ^ludcyil (Vol. II, No. 4-, 
Dec(‘inh{*r 1 hd l ) I ) Pandit I lemraj gives alt er- 
Ma,t.iv<‘ proofs of a, certain. ox(-ension of Wilson’s 
''rh<‘oi‘(*m in the tlieory of prime numbers, origin- 
ahy staled and. ])rov(Ml by Gauss. (2) T. R. 
ILvgba.va. Sastri proves tlie following theorem: 
If AH(d) and A/]V('d)' are two homographic 
t(‘tra.ds of points on a (tonic. S, the six meets of 
pairs of (‘.oi*rc‘S]K)nding joins likit AB, A'B'together 
with t.h(* six m(‘ets of pairs of non-corresponding 
joins lik(^ A R, (FD' li(' on a, conic passing through 
t li(‘ [)oI<‘ with res[)(ajt to S of the homographic 
a.xis of the two t(‘trads. »S(.‘veral corollaries and 
sp(‘cial e.a,s(‘s are dis(nissed. (2>) A. Narasinga Rao 
discusses and int ('r})r(‘ts in terms of mechanicis the 
proper and improper solutions of the following pro - 
: (dvcui any number of points, At, Ao,. • . .A;/, 
not- riec<‘ssarily (toplanar a-nd a function /(r) which 
is singh‘-va.lu(‘d, continiu^us, ])ositive and mono- 
tonic incioasing to infinity witli r, it is required 
t.o (l<‘t(U*inino the position of a point P such that 
r/.( I •) = a, f (r, ) -ya., /(•/•,) + ..... . +a„ f ()V_) _ 

shall h(‘ a minimum, the a’s being* positive 

const<arits, and. r.j, the distances PAi, 

PAo, (4) .k. Rangaswami discusses some 

prop(M-t.ie.s of ortho-lines and ‘‘orthopoints” with 
r(‘f(‘i’(mce to conics passing through A, B, C and P, 
,‘uui ironies having ABC as a self-polar triangle. 

:t'. 

\Vc? have recently received from Messrs. 
Activated Sludge Limited, London, a pamphlet 
on the activated sludge plants in India by Dr. 
Gilbert J. Fowler, D.Sc., F.I.C., F.R.San.I. 
The pamphlet gives brief summaries of the stu- 
dies made and the results obtained from the 
eleven installations, which have been kept under 
scientidc supervision, at any rate, during the 


earlier periods of their operation ; and conse- 
quently they are all virtiiallv scientific experi- 
mental solutions by means <3f which the very 
varying conditions such as are met with in India, 
iiav(3 received careful study. Nine of the eleven 
plants are in actual operation to-day ; two others 
which have been in satisfactory operation, were 
closecl down at the end of their experimental 
periods. 

Deuihig Pumps , — \\ e have recer-tiv received 
a catalogue (No. 30) of the Demiiie Pumps, 
of Messrs. The Deming Company, Salem. Ohio, 
U.S.A., which, we believe, will prove to be of 
great interest to all those interested in pumping 
equipments distributor and dealer, architect 
ami engineer, and industrial executive’ The Firm 
which enjoys a world-wide reputation, was estab- 
lished fifty-four years ago, and has specialised in 
pumps construction, a feature which is responsible 
for the progressive spirit and traditional quality 
associated with the Deming name. The catalogue 
draws attention to a very wide rauire of equip- 
ment — centrifugal and ‘ rotary pumps and 
cylinders, spray pumps, etc.-^whieh will meet 
every requirement. 

s!: 

Announcement 

Congress of ihe F,E.A,T,M.~J)i\ Rosedale 
writes At the next Congress of the Far Eastern 
Association of Tropical Medicine it is proposed to 
hold a round-table discussion on nutrition. 

Papers are invited upon Nutrition from the 
widest point of view under any of the sub-headina-s 
below. 

If suitable support is fortlicoming*. it may be 
possible to combine the papers received and the 
discussions in a vohmie, which would constitute 
<an up-to-date account of Nutrition as concerns 
tlie .East. 

It is hoped that some indication of the support 
which may be expected may be received during 
1935, though it will not he necessary for titles 
of papers to be sent in until a later date which 
will be notified in due course. Such co-operation 
will enable the Council to know how much time 
should be allotted for the discussion. 

It has been proposed to divide papers under 
three headings as follows : I. Economics — to in- 
clude such aspects as Agriculture in relation to 
human nutrition, c.f/., improvement of Held and 
quality of food crops ; horticulture ; fruit-grow- 
ing ; stock raising ; dairy problems : institutional 
feeding ; food surveys ; storage : cooking, Ac. Ac. 
II. Chemical and Physiological — to include food 
analyses in the widest sense ; vitamin, mineral, 
fat, protein studies, etc. ; metabolism, basal 
metabolism, energy requirements, specific dynamic 
action. III. Clinical — Studies of diseases in rela- 
tion to food and diet, the feeding of infants during 
the first year with special reference to develop- 
ment (height and weight) ; children’s diseases 
in relation to food ; nutritional oedoma, atrjmical 
beriberi : the course of infectious diseases under 
the influence of food ; liver cirrhosis : anaemias ; 
skin diseases in relation to food and vitamins ; 
ulcers of the leg ; leprosy in relation to food ; 
constitutional diseases, diabetes, obesity, gall- 
stones, gastric ulcer, etc.; clinical value of certain 
foods, etc. 

It should he understood that the above provi- 
sional programme is intended to be as wide as 
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possible, and that additional suggestions from 
tJiose able to make them will be welcomed. It is 
hoped that the subject of nutrition will receive 
emphasis from, tlie general and normal point of 
view as well as from the point of view of disease. 

All correspondence should be addressed to 
The Director of Public Health, Parapattan, 10, 
Batavia — C, Tara, Netherlands, Indies. 

5ic Ji; 

We acknowledge with thanks the receipt of the 
following : — 

“Journal of Agricultural Research,” Vol. 49, 
No. 12 ; Vol. 50, Nos. 1-3. 

“The Journal of the Royal Societv of Arts,” 
Vol. 83, Nos. 4301-4304. 

“Indian Journal of Agricultural Science,” 
Vol. 5, Part I, February 1935. 

“Contributions from Boyce Thomson Institute,” 
Vol. 7, No. 1, Jan.-March 1935. 

“The Biochemical Journal,” Vol. 29, No. 4, 
April 1935. 

“ American Journal of Botany,” Vol. 22, No. 4, 
April 1935. 

“ Canadian Journal of Research,” Vol. 12, No. 4. 

“The Chemical Age,” Vol. 32, Nos. 826-829. 

“Berichte der Deutsche Chemischen Gesell- 
schaft,” Vol. 68, No. 5. 

“Experimental Station Record,” Vol. 72, 
Nos. 3 and 4. 

“Electrotechnics,” No. 8, April 1935. 

“Forschungen und Fortschritte,” Vol. 11, 
Nos. 13 and 14. 

“Indian Forest Records,” Vol. 20, Part 16, 
(Silviculture Series). 


“Transactions of the Mining and Geological 
Institute of India,” Vol. 30, Part I, May 1935. 

“Indian Meteorological Department: Scienti- 
fic Notes,” Vol. VI, No. 63, Wind Data for 
Wind Mills. 

“Bulletin of the H. P. Academv of Sciences”. 
Vol. Ill, 1933-34, No. 5; Vol. IV, Part fl. 

“Proceedings of the Academy of Sciences 
(United Provinces of Agra and Oudli, India),” 
Session 1934-35, Vol. IV, Part HI. 

“Industrial Possibilities of some Research 
Work done in India,” hy Dr. G. J. h’owler. 

“Advance Proceedings and Notices of the 
Asiatic Society of Bengal.” Vol. II, April-May 
1935, No. 2. 

“Nature,” Vol. 137, Nos. 3417-3419. 

“Natural History,” May 1935. 

A Report on the Prospects of Paper jManu- 
facture in Hyderabad State, H. E. II. The Nizam’s 
Government : Commerce and Industries De- 

partment. Bulletin No. 4 (New Series). 

“Survey of India, Geodetic Report,” 1934. 

“The Journal of Chemical Physics,” Vol. 3. 
No. 5. 

“Journal de Chemie Physique,” Vol. 32, No. 4. 

“The Indian Trade Journal,” Vol. 118, 
Nos. 1509-1511. 

Catalogues. 

“Deming Pumps,” Cat. No. 30, from the 
Deming Co., Salem, Ohio. 

“ The Cambridge ilulletin,” No. 76, May 1935. 

“Mitteilungen liber Neuerschiemmgen und Fort- 
setzungen,” 1935. No. 3 (May). Veiiag. von 
Gustav Fischer in Jena. 


Academies. 


Academy of Sciences (United Provinces of 
Agra and Oudh, India) : 

February 1935. S. M. Shah : On a Formula for 
rrr (x). Shah Muhammad Sulaiman : The 
Mathematical Theory of a Neic Relativity. Chapters 
III, IV and V. — The first two chapters dealt with 
the Law of Gravitation. In chapter III the 
existing' theories of the Universe have been 
very briefly criticised, and it is shown that extra- 
ordinary assumptions are made in these and that 
they are also V7 holly inadequate. In chapter IV 
a natural assumption has been made that emana- 
tions from particles of matter are not confined to 
our present range of observation, but that 
corpuscles called gravitons, finer than light 
corpuscles, are also emitted, though they are 
beyond our vision. But even this assumption 
is not necessary. As shown in Section V, one 
may start simply with the known fact that light 
radiations, i.e., swarms of light corpuscles or 
radions, emanate from every part of an outer 
shell of a luminous body. In chapter V the 
assumption in Special Relativity that light from 
one moving body to another moving body takes 
the same time as light from the second body to 
the first, no matter how different their velocities 
may be, as well as the definition of common 
time between two bodies determined by a single 
journey of light are not accepted. With the 
help of certain generalised laws, Galileo’s and 
Newton’s Mechanics, with proper corrections 
for moving bodies, is completely restored : and 
although Einstein’s Theory of Relativity is not 


accepted, all its practical re.sults are deduced in 
full. IThishikesha Trivedi: The Absorption Speclra 
of the Vapours of Sulphur M onochlor ide and Thionyl 
chloride and their Constitutions. Har Dayal 
Srivastava : Studies on the Family Uet'.'i.vTpln'idai 
Odbner, 1914. Part 1 — On a. N eio Disiome from 
the Indian Fishing Fagle-J^iilU^etus leucorypJuis— 
loith Remarks on the Genera Ascocotyle Looss, ISDO, 
and Phagicola Faust, 1920. — The paper is 
the first record of the occurrence of a member 
of the family ITeterophyidcO. S. K. Dittta: 
Notes on a Case of U nilateral Atrophy of TcsH.h in 
the Common Wall Gecko (Hemidactylus Piaviviridis, 
Ruppel). Har Dayal Srivastava : On a New 
Species of Csito^tropis Odbner, 1905, from anJ.'ndUin 
Fold — Gallus Bankiva Murghi. — A large number of 
monostomes refei’able to Catatropis (hlhher were 
obtained from the rectal ca3ca of the dome.stic 
fowl, which had died after a prolonged sickness. 
Cromwell Osborn Das iV Sikhibhushan Dutt : 
A Study of Soyne Organic Reactions at Low Tem- 
peratures. Radha Raman Agarwal and Sikhi- 
BHUSHAN Dutt: Chemical Fxaminaiion of the Roots 
o/ Citrullus colocynthis Schra ler — A hydrocarbon 
hentriacontane C3 1 H n 4 , a- elater i n . Co s H 3 s D 7 

and amorphous saponin have been isolated. 

Indian Academy of Sciences : 

May 1935. SECTION A.— B. V. Ragha- 
VENDRA Rao: The Doppler Effect in Light Scattered 
by Liquids. — The influence of temperature on the 
nature of Doppler Effect in light scattered by 
carbon tetrachloride has been studied. Whereas 
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at 70° 0. the Doppler components become fainter 
and broader merp^ing with the undisplaced com- 
ponent which brightens in intensity, at the 
temperature of melting ice, the Doppler compo- 
nents become sharper and move away from the 
central component. N. A. Shastri : Some Pro- 
perties of the k- Function with N on- integral Index. 
S. Chowla : On a certain Arithmetical Function. 
P. N. Kurien, C. J. Peter and K. 0. Pandya : 
The Condensation of Aldehydes with M atonic Acid 
in the Presence of Organic Bases. Part III — 
The Condensation of Salicylaldehyde with Ethyl 
Malonate — Good yield (58%) of the condensation 
product was obtained when 0.15 mol. of pyridine 
was added to the mixture of aldehyde and ester, 
the whole kept on a waterbath for 18 hours (6 
hours a day for 3 days) and then left at room 
temperature for 3 days. Inder Chowla : Some 
Problems of Waring's Type. R. S. Krishnan : 
The Reciprocity Theorem in Colloid Optics. — The 
conclusions derived from the dynamical Principle 
of Reciprocity admit of a very simple and direct 
experimental test which has been carried out and 
found to be satisfied by all kinds of colloidal 
solutions, emulsions, suspensions, etc., irrespec- 
tive of size, shape or structure of the particles 
contained in them. Hansraj Gupta : Decomposi- 
tions into Squares of Primes. T. S. Wheeler : 
On the Theory of Liquids, III. — An attempt has 
been made to consider tlie vibratory motion of 
the molecules, and the amplitude of vibration 
/3 has been linked witli the density, internal 
latent heat of vapourisation, surface tension, 
viscosity and vapour pressure. Pormulne relating 
viscosity with surface tension, and vapour pressure 
with internal latent heat have also been obtained. 
P. K. Raman : Heat Radiation from the Clear 
Atmosphere at Night. Iv. R. Ramanathan and 

L. A. R AMD AS : Derivation of Angstrom's formula 
for Atmospheric Radiation. — The processes taking 
place in the neighbourhood of the ground on 
radiation nights are complicated, and for their 
elucidation, the changes taking place both in the 
soil and at higher levels in the atmosphere have 
to be studied. R. K. Asundi : The Band Systems 
and Structure of CaCl. N. 8. NagendraNath : 
The Dynamical Theory of the Diamond Lattice, 
Part II. — The Elastic Constants of Diamond . — 
The expressions for the elastic constants of 
diamond have been found in terms of the mole- 
cular force constants and their values have been 
evaluated approximately. C. S. Yenkateswaran : 
The Rammi Spectra of Some Metallic Halides . — 
The paper describes the results of the study of the 
Raman Spectra of the halides of cadmium and 
zinc as well as of magnesium chloride, magnesium 
bromide and aluminium chloride. 

SECTION B. — Bipin Bihari Sinha: Morphology 
of a New Genus of Trematode, Family Aspidogas- 


tridse Poche, 1907, from the Intestine of a 
To/*]{o'?se,Lissemys punctata. R. H. Ramachandra 
Rau: Alechanism of Increase in Amylase 
Activity during Autolysis of Barley Powder . — 
During the autolysis of barley powder no 
amilokinase is formed, observed increase in 
amylase activity being solely due to increased 
liberation of /8-aniylase of barley. S. S. 
Patwardhan : On the Structure and Mechanism 
of the Gastric Mill in Decapoda. T". The Struc- 
ture of the Gastric Mill in Natnntms Miurura 
Car idea. — The paper deals with the tribe Caridea 
of the Natantous Macrura, characterised by the 
absence of a gastric mill. Eighteen types of 
Caridea have been examined. Froilano de 
Mello : Oyi a Toxojdasmid of Fulica Atra X. 
irith Special Reference to a. Probable Se.v.iialHy of 
Agametes. B. Sahni and A. R. Rag : Further 
Observations on Rajmahalia paradoxa. — The re- 
vised impression regarding the peculiar plant 
impression from an unknown locality at the 
Rajmahal Hills, regards it as an inverted funnel- 
like organ fallen from the top of a Bennettitalean 
receptacle and bearing on its inner surface the 
impress of the seeds and interseminal scales once 
pressed against it, but now no longer preserved. 
R. Gopala Aiyar : Early Development and Meta- 
morphosis of the Tropical Echinoid Salmacis bi- 
color, .4(7 «ss? 2. — The full development of Salmacis 
bicolor, a tropical form has been traced botli in 
regard to the external characters and several 
interna] features. Praicash Chandra Jo.shi : De- 
velopmeyd of Anoyyialous Secondary Vascular Rmgs 
in the Root of vS^jergulaX. — Tlie anomalous second- 
ary growth in the Vascular cylinder of the i*oot 
of the two species of Spergula, S. rubra, and 
pentandra, is recorded, and the details of such 
development in S. rubra have been described. 
B. N. Singh and K. Kumar : Photosynthetic 
Behaviour of Leaves to V ariations hi Temperature. - 
The progress of assimilation from day to day in 
a young radish leaf for 20 days is deduced from 
the separate time-assimilation curves of mature 
and old leaves and the effect of variation of 
temperature is recorded. B. N. Singh and 
K. Kumar : The Reactions of the Asshnilatory 
System to Alter aiions of Light Inieyisity. — At the 
normal atmospheric pressure of carbon dioxide 
the intensity of assimilation increases measurably 
with the intensity of illumination upto 08,700 
metre candles in radish leaves. P. J. Gregory : 
Cytological Studies in S«#oictT(Carthamus Tincto- 
rious ' lAnn.). — The cytology of this plant of 
economic importance has been investigated and 
reported for the first time. J. F. Dastur : 
Diseases of Pan (Piper Betle) in the Central 
Provhices. — A detailed account of foot-rot, leaf- 
rot and anthracnose diseases which are known to 
occur in epidemic form is given. 
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Industrial Outlook. 

Future of Electrical Development in India. 

By T. D. Chatterji, 

Department of Elecirical Technology, Indian Institute of Science, Bangalore. 


General Outline. 

unprecedented grid-developments 
^ from water power during tlie last five 
years in the Punjab, United Provinces and 
Madras Presidency has well established the 
adaptable possibilities in fields of Industry 
and rural electrification, that can be attained 
from the energy of the vast water resources of 
India. At the same time the recent decision 
of the Government of United Provinces to 
erect 1,500 tube-wells for irrigational pur- 
poses at the expenditure of 12,000 kw to 
28,000 kw, the jnesent ultimate generating 


capacity of its hydro-electric scheme shows 
clearly how the problem of irrigation must 
alv/ays be the predominant i)artiier when 
dealing with water and its uses in India, 
whereas in most countries irrigation is 
unimportant or is on equal terms with 
power. Table I shows the sceptic outlook 
with which the water-power development 
in India is treated: in spite of the fact 
that other countries possessing such practi- 
cal potentialities were fast harnessing the 
aforesaid source of energy with all the 
latest improvements in hydraulic and electric 
machinery. 


Table T. 


Hydro-Electric Works in India.'^ 


Locality 

Power installed 
KW or K.V.A. 

Units Generated 
p. a. (millions) 

Transmission 
Line — Miles 

Head F eet 

Province and its Probable 
0 rd i n ary m 1 n i mum P o w er 
in KW. 

Shillong 

300 

0*4 


p 

A.ssam 621,100 

Darjeeling 

1000 

1-6 

3 

275 X 050 

P.engal 1000,000 

Kurseong 

400 



> 


Taia Power Co. 

109,, wo 

200 

77 

1640 


Tata H. E. Power Co. 

60,000 

120 

43 

1 725 


Andhra Valley 

60,000 

160 

56 

1740 


GoUak Mills Co. 

1570 

6 

? 

210 


Bhatgh ar Dam 

1024 

J 

? 

46 to 100 

Uorn1)ny 773,000 

Ka.shmir 

4000 

2 

54 

390 


Jammu 

1200 

1 

? 

20 

Kashmir 458,000 

Pykara 

23,430 


316 route miles 

3000 


Karteri 

1000 

2 


650 


Munar 

1100 

1*7 

> 

380 


Annally 

110 

0-1 


1 800 


Kotagiri 

70 

0-1 

? 

700 

Madras 400,000 

Malkhaiicl 

250 

0-2 

> 

8 

N. W. F. 1000.000 

Uhl River 

•18,000 


173 and others 

1800 


Amritsar 

525 

0*5 


6 to 10 


Patiala 

213 

0-2 


8 


Simla 

1750 

6 

21 

540 

Punjal) 1190,000 

Ganges PI. E. Scheme .. 

9000 


1000 

9-18 


Nainital 

450 

0*8 


1500 


Hard war 

450 

0-3 




Mussorie 

3750 

3*5 

10 

1000 

U. P. 605,000 

Cauvery Falls . . 

37 500 

153 

200 

400 

Mysore 


Though the probable reserve of Indian 
Coal as estimated by T. H. la Touche reaches 
the stupendous figure of 79,500 million 
tons,- still her immense potentialities in 


^ Mears, IVotcr Poiccr, 1934. 

2 T. H. Ronaldson, Monographs on Mineral 
Reserves with Special Reference to Oiir British 
Empire, John Murray, 1920. 


water-power, both intrinsically and because 
of the distance to wdiich coal has to be carried 
are significant enough, to cause serious 
thought. Moreo ver, recent and almost revolu- 
tionary advances in the design of hydraulic 
turbines of the propeller type have greatly 
modified the wdiole aspect of low-fall hydro- 
electric schemes, another dominant factor 
embodied in such enterprises in India. 




I^houoii, (iurino' (lie last docado, tlie steam 
iind 1 I^]n^’ines liave played an important 
pa-rt. in in(‘r(‘asini»' the eapaeity of electric 


supply undertakings in this country, still the 
concentration on India's water-power 
resources are fully justified. 


TA.BLE II. 


Indian Power Resources,-'^ 


\V ATKK 

I'll lie cirdiiuiry 

POWKR 

Pr<)l)al)le inaxinuim 

Actual reserves in 
Tons 

CO.AL 

Output of Indian coal-fiel 

als in Tons 

miniimini powiT 

for tlevelopnient 




(k- watts) 

(k- watts) 

191G 

1917 ' 

1918 

1 

7,532.001) 

12,(;cS(),0()0 

4,45,833 X 1000 

17,254 307 

18,212,918 

20,721,543 


( '()nsid(n*ing' tlu‘ inhnaor natuv(M)f Indian Coal, 
inigiit take l.-hp-year as being equal to 
•1 tons aiS a Ihiir avan’age. On this basis the 
Ibis output- is (‘apahlc^ of yielding 5180385- 
lip-yauir or ;)S05bt;o kw-year, which is only 
ahout. haill' th(‘ probable ordinary minimum 
aiva.ilahl(‘ wa.t (u*“povv(‘r out of which hardly 
o’W iia.s b(Mui d(‘V(‘l()ped; live years back 
t lu‘r(‘ \vcu*(‘ only llombay and Oauvery 
l^'alls liydro-(‘lect i‘i(‘ sdienuvs worth the name 
of re(M)rding, 

Oh'll now it- Inis binm a characteristic feature 
of th(‘ hy<lr()-<‘I(‘(d-ric powder systems in India 
Unit wh(‘r(‘V(n* th(‘y have developed so far, 
Mh‘ ('()nsunii)th)ii /kv’ eaplta has gone up in 
eoinpa-rison with other regions of electric 
pow(‘i'. For instaiiuu', in llombay, which 
Inis niad(‘ awaihibh^ th(‘ largest amount 
of hy(lro-(‘Icc.(rric (UKvrgy in India, the con- 
sumption pc/’ capita is over 200 units.^ In 
Mysore^ Uiud Ibingalore the Oauvery Falls 
ny<lro-(‘Iectric S<‘heme has made x)ossible 
a. (‘onsinnpt.ion of about 100 units^ 
//cr cap Ita. Wluuanis in the cities possessing 
np-t<)“dat-(^st.(‘aiu power plants the consump- 
tion p(‘r capita is much less. Thus Calcutta, 
which ranks both in industrial and intellec- 
tual riqnitaliou with Bombay consumes 
a,l)oul 110 unit-s.'^ In Madras, which is a 
lunghbouring city of Bangalore and the 
third port city of India, the consumption 
per capita is as low as 30 iinits^ only. The 
av<u’ag’(' d(nnand pen* head of x)opulation 
va.ri(‘s from 5—0 kwii in the smaller cities. 

''riuu’e is thus considerable market for 
(‘Uud.rical energy and if cheap power can 
b(^ ma,d(‘. available it will be readily absorbed. 

Mears, Hydro-Illccfric Survey of India, 

hasu Froc. IVorld Fozucr Conference (held at 
Berlin) , 1930, VoL 10. (D. Ing. J. N Basu of Bengal 

Technological Institute of Jadabpur, Bengal). 


(If late, these expectations- have been amply 
fnltillecl by the three important provincial 
projects undertaken by their respective 
Governments, even to the extent of rendering 
rural electriheation successful. At present 
owing to the encouraging demands each of 
these provinces have proposals on hand to 
develo]) the schemes still further. 

Proper Utilisation of Water-Power. 

With some idea of the status of water- 
power resources in India, we can now con- 
sider the problem of rational distribution of 
electrical energy as far as possible over a 
vast area of 4 *'66 million square kilometers, 
with its far and widely located water-power 
resources. Also, the Indian conditions differ 
materially from elsewhere, owing to her 
dependence on well-defined '‘monsoons” 
instead of casual rainfall all the year round. 
As a direct consequence of this India has 
one type of hydro-electric development with- 
out parallel elsew'here, namely that found 
in the Tata chain of schemes in the Western 
Ghats of Bombay. For the proper utilisa- 
tion with profit an immediate and new 
orientation in the trend of development of 
transmission systems in India, is needed, 
most probably "^in the direction of increased 
interconnections. With the following pro- 
posed Indian super-power grid systems 
(Fig. 1, Map of India) it is feasible to 
SB-Pply economically the entire energy 
requirements of the country with thc- 
exception of certain restricted areas where 
power transmission is very difficult. These 
six sections of Extra High Tension lines 
will cover a total distance of nearly 
6,000 miles. The longest of these are each 
nearly 1,200 miles in length, wkile the short- 
est line betw^een Tnticorin and Madras has 
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a length of 700 miles. In view of these 
unusual distances and vast interchange of 
power over such a system the minimum 
transmission pressure tends to increase some- 
where about 400 kv. In order to secure 
stability in a project of such a nature, it 
is of vital importance to augment the power 
by the energy generated at the would-be 
super-power stations situated on the coal 
fields, say, for example, in Bihar Province. 

As the extent and development of water- 
power in a country varies in accordance 
with topographical and climatic changes and 
is also ahected by variations of policy in 
different administrations, so the first natural 
sequence will be the immediate formation 
of a Central Electricity Board of an all- 
India nature. It must be represented by 
Engineers, Industrialists and Chemists in 
order to prepare regular and systematic 
power survey reports and to investigate 
thoroughly the nature and extent to which 
the cheap electric power, thus made avail- 
able, can help to create new industries. 
Amongst these may be mentioned (a) The 
electric smelting of indigenous iron ores and 
electric production of steel and alloys, 


{b) Electric welding, (c) The production of 
aluminium from the local bauxite dex>oslts, 
(d) The manufacture of calcium carbide and 
its numerous derivatives, (e) The electrolytic 
production of chlorine gas and the prepara- 
tion of phosphorus and of abrasives like 
carborundum, (/) Pulp and paper industry 
with printing, {g) Manufacture of electro- 
chemical products such as synthetic ferti- 
lisers for Avhich there is a great demand in 
India, (Ji) Economical irrigation of a vast 
area of uncommanded land by tube-well 
pumping or by gravity lifts from existing 
canals, (?) Eeclamation by draining water- 
logged lands. In addition to these attempts 
can be made to increase the domestic load 
and accelerate the electrification of Indian 
Eailways in suburbs. 

Considered from the expenditure side, the 
adequateness of such a scheme with a w^ell- 
defined objective and policy can undoubted- 
ly be established in its favour. For 
example, taking Madras Presidency, wiiich 
imports coal and fuel oil (excluding petrol) 
wmrth more than Es. 300 lakhs, a trans- 
mission netwmrk interconnecting the 
projects of Pykara, Perriar and Papanasam 
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Clin !h‘ provided in order to distribute 
1L>0,000 kvv all over tlie ])r()vince at an 
(\stiniait <‘d total eapit,al expenditure ot 
K's. 950 laiklis, pt’ovidtal the total hxed 
<dia.r^(‘s on t}i(‘ (‘a,[)ital outlay of Ihs. 950 
lakhs do(‘s not (*oiu(‘ up to over Ks. TOdaklis. 

It- would b(‘ r(‘a.sonahl(‘ to expect that the 
{leer(ais(‘ in tln^ value of tlu' imported fuel, 
on a.ecount of m(>tiv(‘ powa'r supplanting’ 
raw fu(‘l (‘n;i‘in(‘s, will he in excess of these 
eha.r^’(‘s.* 

In India, tluu‘(' a,r(' s(‘veral provinces (say 
Assam) \vli(‘r(‘ t,h(^ dcvnnuid is fai‘ l(‘ss than 
t h(‘ a.va,ila,!)l(‘ supply owiipiij to the distances 
o! the souna's from tlu^ industrial centres. ' 
Th(‘ (‘ueru’v in such loe.alit,i(‘s m,ii>‘ht be uti- 
lis(*d with th(‘ h(‘lp of (duuni(*.al endotluuunic 
pro(H‘ss<‘s, for ilu' ])i‘oduction of compact 
unit. (‘rials for tra,nsp<n’tation to the industrial 
c(‘nlr(‘s \vh(‘]‘(‘ l)y (‘xot.luuanie. proccNsses they 
mii>ht, i»:(‘n(‘rait(‘ lumt and ])()wer. 

In India, nnlik(‘ in otln‘r (‘.ountries it is 
j>ossibl(‘ 1(> build up a load only in those 
plae(‘s which a,r(‘ to b(‘ s(vrve(l by thes(‘. 
sup(‘r*.{i:rids alder t luur completion, in fact 
( h(‘ a.ul hor (‘st,ima,i (‘s that. th(‘st‘ projects after 
1 h(* complet ion on t.h(‘ sui>’i>'(‘st,(Ml line will he 
abh* to su[)plY powau* at, any point, in tlu^ 
<*’rid a-t a,n a,v(‘ra,<^‘(‘ pric(‘ of 1 anna,* about 
Ivs. 200 p(‘r kw-y(‘a,r Avh<‘r<*as from the bulk of 
t h(‘ snialhn* oil-dilvaai plants throui^hout the 
(‘oiuitry th(‘ rait(‘ is a, bout 2 annas p(‘r kwh 
(unit). Kiv(U‘ Tcu^st-a in Ihmgal with a 
by d ro“(‘h‘cl ri(* powau* ^'(uu^rat in^ capacity 
of 1,000,000 kw a, ml Itiv(‘r Ivoyna in ilombay 
wit h 250,000 ir.P. maul inuue(l late attention 
for ha.rn(‘ssin^ pur))os<‘S. 

'TuK IhMONl) OK dh^ANiSMISSroN IhlAOTlOK. 

With a,n (‘y<‘ t,o the. proposal, let us 
(‘xa,min(‘ th(‘ not,(wvorthy advances in trans- 
mission pi’a,(d.i(‘(‘ w'hicdi .^'o to materialise, a 
sclumK* of this (liaract(‘r. Within the last 
t(‘n y(‘ars a, niimlxu' of 220 kv lines have 
be<m put into smuuussful operat,ion in different 
e<)untri(‘S a>nd this v()lt,a^’(^ has now become 
th(‘ sta.ndard t.ra.nsmission voltage for very 
long dista,nc(‘s. bhirthcr to keep down the. 
w(dght of copper a,nd hence the cost of the 
Iim‘ it \va,s proposed at the World Powuir 
( h>idVr(‘nc(‘ in 1950 to examine the prac- 
ti(*a,hility of 400 kv for the operation of an 
l{}urop(‘a<n Sup(‘r-|)()wer Grid of nearly 7,000 
ruih*s ; a,nd with such values of transmission 

liasu, Proc. Second World Pozver Conference, 

1930. 

■S' 1 .KUii)cc I 'Ash. = 10 annas. 


distance and transmission voltage the diffi- 
culties mentioned below are introduced. 

Transmission line requires excitation or 
charging current which varies with the load, 
and its supply has to he regulated by means 
of 8ynehronou,s Condensers. This charging 
current being w^attless contributes tow-ards 
the transmission losses, wffiich depends upon 
the ca])acitive reactance of the line wffiich is 
again proportional to the length of the line 
and to the frequency of the alternating 
current ; hence it is at once seen that by 
reducing the frequency the powTr-transmit- 
ting or kilo-wuitt capacity of the line can 
]>(^ raised. Ey using direct current \ve drop 
the frequency to zero and it is thus that 
the inevitable conclusion is reached that 
it is the only means of increasing the 
transmission distance. Inductance and 
Capacitance vanish. The transmission line 
becomes stable under all possible conditions 
of loading and intermediate stations for 
compensating reactive drops become un- 
necessary. Apart from these advantages, 



Fig. 2. 


Steel tank rectifier 750 kw capacity at 15,000 volts. 

the skin effect, characteristic of alternating 
current at high voltages is absent in the case 
of direct current. Corona loss with direct 
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current is considerably less and for the same 
degree of insulation to earth the operating 
voltages for d.c. and 3 phase a.c. trans- 
mission are in the ratio of 65 to 23. 

Even though the d.c. transmission is to 
form the future basis of long distance trans- 
mission. it is still essential to generate 
first alternating current in large high-speed 
machines and then to convert it to d.c. 
in relatively few units of efficient apparatus 
of static nature. It is, furthermore, equally 
essential that similar apparatus be employed 
for transforming the high tension d.c. back 
again to 3 phase a.c. at constant voltage 
for subsequent distribution throughout the 
existing power networks. Such apparatuses 
have already been manufactured on a smaller 
scale and are known as Eeetifiers and Conver- 
tors (Fig. 2). Experimental transmission in 
the laboratory at 15,000 volts has very recent- 
ly been achieved by the General Electrical 


Company of Schenectady in America for 
3000 kw lines. They employed static type 
of Kectitiers and Convertors commercially 
known as Thyratron and Phanotron res- 
pectively. The efficiency of conversion witli 
larger units under investigation are expected 
to be as high as 98 to 99 per cent. Tlius the 
present double circuit line of 132 kv of tlie 
Punjab can, without further alteration, he 
utilised as a triple circuit direct current line 
operating at 370 kv between positive and 
negative conductors, whilst with the assump- 
tion of similar line losses in both the cases 
the power which can be transmitted is nearly 
seven times. 

Besides, through the success and or- 
ganised co-operation of long distance d.c. 
transmission we can go still a step further 
by interconnecting the hydro-electric and 
other electric systems internationally for 
the reduction of power cost with a more 
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satisfactory equalisation of load. Anotlier 
method through which the equalisation of 
power can he attained will he to utilise the 
rotation of the earth. The idea behind the 
proposal is to get power plants which are 
situated at different meridian distances in 
an east-westerly direction to co-operate 
systematically. An extreme case of such 
co-operation would he between a power 
plant which is situated on the extreme 
east of Asia and a similar one on the 
extreme west of Europe (Fig. 3). These 
power plants should work with a day 
and night displacement of 12 hours, in 
spite of the fact that according to absolute 
time calculations no time displacement 
exists. In this way night power in the 
extreme west of Europe could be transferred 
to day power in the extreme east of Asia 


and vice Eersa. At present it is rather 
difficult to visualise so great a relative time 
displacement between tlie maximum load 
of similar power plants. But even with 
a time shift of 3 or 4 hours much can be 
gained, specially in electrical tramw'ays and 
suburban railway services. 

The exploitation of water-powder resources 
is essential for the needs of India. How- 
ever great the distances to be covered, 
there are no inherent difficulties from the 
engineering point of view’' that could not be 
surmounted. Industry and agriculture are 
both in need of a ^^grid scheme”. Sooner 
or later the provision of a ''grid” suj)ply 
is inevitable, and the Government should 
look ahead and find the necessary capital for 
the scheme. 


Reviews. 


JS^EW Pathways in Science (Based on 
the Messenger Lectures of 1934). By Sir 
Arthur Eddington. (Cambridge University 
Press, 1935). Pp. x-f333. Price 105. GcL 
net. 

Six years have elapsed since Sir Arthur 
Eddington's " The Nature of the Physical 
World'' w'as published. These years have 
not witnessed any revolution in theoretical 
Physics such as that represented by the 
birth of quantum mechanics. The time, 
how'ever, has been utilized to take stock of 
the implications of the new theory and much 
that was obscure and changing has cleared 
and crystallized. Sir Arthur has seized the 
opportunity affordcni by the Messenger 
Lectures delivered by him in 1934 to write a 
sequel to 'The Nature of the Physical World ' 
which bears tlie impress of this ])rocess of 
taking stock. On the otlu^r hand, recent 
years have produced astounding discoveries 
in the realm of exy)erimental physics : we 
have had the neutron, the ymsitron, heavy 
hydrogen and induced radio-activity coming 
in rapid succession before our astonished 
gaze. These discoveries have had their 
repercussion on the problems of Astro- 
physics so near and dear to Sir Arthur. We 
accordingly find in the present book a 
portion dedicated to the consideration of 
the internal constitution of stars and of the 
expanding Universe ; another part de- 
scribes the philosophical outlook of modern 
science as Sir Arthur interprets it. The 
connection between the Universe of the 


Eelativity tlieory and the atom of the 
Quantum theory wdiicli is ‘the theme of Sir 
Arthur’s theory of tlie fine structure con- 
stant is dealt with in another chapter-, 
tncidentally w^e find a treatment of Proba- 
bility and the Theory of Groups included. 
An introductory chapter wdll enable any 
one not conversant wnTh the modern deve- 
lopment of Physics to get a rapid acquaint- 
ance with the most recent discoveries. The 
subject is tliroughout treated in the charm- 
ing pictorial style which w^e have come to 
associate with Sir Arthur. In spite of the 
difficult nature of some of the topics dealt 
with, even a layman will have a chance of 
understanding the direction in wdiicli modern 
Physics is advancing as viewed by Sir Arthur. 
The Indeterminacy Principle, Eddington’s 
recondite theory of the fine structure con- 
stant, and the theory of Groups are all 
explained in such a lucid manner that w^e 
feel we have understood something of even 
these difficult matters. Sir Arthur tlius 
provides an example of how even higher 
mathematics may be made intelligible to 
laymen. 

This success in providing a popular ex- 
position of such, difficult subjects has, how^- 
ever, one drawback : the language is imagi- 
native and picturesque, but the metapho- 
rical statement sacrifices something of 
precision and the reader is likely to mistake 
a vague idea which he sometimes obtains 
for a profound understanding of the subject. 
Thus Pauli’s principle that no two electrons 
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can liave same a, /, (,s‘), m/<unl vfs \'nlu(‘s 
lias been jirtNscmt ed in foTin '^No 1 wn 

electrons may occupy (lu^ sa.nu^ orl>it." 
Since w,- is not conn(‘('.t(‘(l with the oi'hii of 
the electron, we Fs^e how i‘V(m a. carth'ul 
popular stat<mnmt may Ia(*.k ai'.curacy. ''rh<‘ 
same trouble aris<\s in connecd.ion with tlu‘ 
presentation of the p]uloso[)liy of nnxhuTi 
science : th(‘ figurative language very oft(*n 
confuses the thouglit. Sir Arthur has t.ri(‘<l 
to answer such criticisms by [n‘ot(‘s1ing thuit 
a popular account shoiihl not be inadc^ <irv- 
as'dust by hank(uing aflau* priTision. \V(‘. 
do agrcHg but in(du(l(‘ a warning l.o th<‘ 
reader that he must also keep this in mind. 
We imagine that Sir Arthur's philosophy 
has been criticised by philosoplnu's nuunly 
as the result of misunderstanding th(‘ work- 
ing convictions of a sci(mtpist for a profound 
philosophical systiun. Scitmci^ do(‘s not 
attempt a j)hilosoi)hi<'al systiun which ('a.n 
hold true for all it.s jiarts without. a.ny 
discr(‘pancies. A viinv reached aft.cu* si.u- 
dying a topic from a particudar st.a.ndj>oint. 
may not e.ractly rtpiresent. th(‘ idi^a om^ gids 
by pm'suing anotlnu* subjead, liy a. nud.liod 
a|)pro))riat(‘ to th(‘ latt.cu*. If it. ha.s Ixxm 
shown that aec'ording t.o pnvsimt I. h(‘o ret, i(*a.l 
possibilities of re{iiu‘ment in measunmnmt 
in Pliysics, a certain amount, of unecu'l.ainl.y 
necessarily atta(‘h(^s t.o th(‘ simult-aiiKMuis 
values of two conjugate* (|uantit.i('s, we* e'.au 
only say that Pliysie's has foi* t.he* pm‘se‘nt to 
be satisiied with a t.he*e)ry whiedi t.e>le‘ra.t.e*s 
and takes into a.e’.eonnt t.his une.(*rt.i)int.y , 
But -we cannot lay it down as a. phileiseiphie'al 
dogma that iiide‘terminaie‘.y is at. (.he*, bot.teim 
of modern scientilie*, m(*t.h(xl. If we* (*xpr<*ss 
tlie law eif eanisalit.y in t.he* feirm t.hal. the* 
same set of eireuunstane.e*s always pro(lue*<* 
the same* ph(*ne>m(‘na,, we* se*.e* tliuit. t.he*. prined- 
ple is the*, basis eif all se*.ie*nce‘. We* ma.y 
doubt e)ur ability to proelue-e*. the* sa.me‘ 
circumstance's or t.ei be* sure* eif t.he*ir same*- 
ness when they a.r(* produe*e*el. Thus in 
radie)-a(d.ivit.y we* (aume)!. sa,y whiedi eif t.wei 
apparently similar a, toms will (‘xiihxie* ix'xt. 
because we have im elet.aile*.d kne)wl<*elge‘ eif 
the real eiinerene'e* betwee*!! the‘m. bn I if 
we doubt w]u*tlit*.r the* same*, re^sul^.s will 
alwurys follow whe‘.u all the* eamelitdems are* 
theoretically sup|:)e)se‘d to be fullilled, s(‘.i(*m*.e* 
and particularly cxpcriment.al Ksede*ne*.(*. wemlel 
be at an end. This is the aspe'.ct wdiiedi 
Planck and Einstein have stre*.ss(*i(l an el 
Silbeu^steiu has olucidateMl in his book on 
causality. Whencv(*.r circumstances wliicli. 
are apparently the same produce different 
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r(*sults, we* try to liiul out what otlu'r cir» 
cunistuiiie'e* we* have* omitle*!! to take* inPi 
(*onsid(‘ra.i.ion and whiedi w a.s r(‘s jxmsi hlc for 
t.he* dirf(*re*iM*<* in the* r(‘s(]ns. Modeu’ii pliy- 
siea.l t.h(‘e)ry may not he* a-bh* to rise* ahou. 
the* unce*rta.inly inve>l\(‘d in the nu'tliodsof 
nie‘a,sur(*ni(*nt it can eon t (*mpla.l t*. li is 
t.h(‘r(‘fe>i’(* profit able* to r<*cogni/a* (liis uii- 
e*e‘i‘t.a.in j.y, but. it. would s(‘t‘m as if a. he'li<‘i' 
in the* })riiie*ii)l(* of e*ausalily was the* drisiir^ 
feire'e* a,t. ( he* ba.e*k of 1 In* lie ver -cm 1 i iig riviim 
afl.e*r ne‘W kimw le*dge‘. Sijhm* a, i Sir Arthur 
[x*rt.ine*nt.ly points out, s(d<*nc(‘ is ind wcthicd 
t.o one* se*lf-e'onsis((‘n{ a.iiel ininiutahh* philo 
seiphie'a.l syst.e'in, we* may possibly a.e[d (hat 
it. is fruith'ss lei cemside‘r <‘ifhe‘r the* primdpli* 
e)f e*a.usa.lity e>r j ha.l of iinee‘rl uiiil y :is a 
phile>se>phie*a.l eleigma.. h(*t iis liowi‘\ tT eaii- 
ple>y t.he* eme* as a working prim-iph* withniii 
ix*ing blind tei ( he* e*\ iste‘n(*<* of I la* oltuTiii 
nie)el<*rn IMiysie'al th<‘ory, Sii’ Arlliiir isa- 
t.rie*d to show tliat a.eihe*re‘n(‘e* (ei tho prinrip].- 
of e*a.usa.lity is iied eh'iiia nele*el by iumiIitu 
P hysics; but. it may not bi* op[>ori ma* a, 
give* up a. prim-iph* whiedi lias lx‘on » In* hao 
of a.ll s<'ie‘ul ifie' el(‘\ e‘Ie)pnn*iit , pari i»‘i!l:uT. 
since* th<‘ia‘ is noliiing in Pliysics w liidi 
ma.mls its sa.erifie'e. A pewusal of Sir Ai fimr • 
r(‘pli(*s tei his ph ile)se)ph(*i- eodlii-'i dntu,. 
(.ha.l- he ha.s take*ii his stand a; a imn ni 
se*ie*n<*e‘ to whom ph ihistipliicai e*e>ij>i.Ui‘hi \ 
is not. t he* main ce)n.siele‘ra.t ieui. If I hi - 
is gra.sp<*<I t h<‘r{* is nei n(‘ee‘ssi(\ ito ai ■ 
e'ril.le'ism i’e*gareling his having stat<«e! i*-. 
e*()n victieins neit a.lways in 1 Im same* tcni.,. 
We* ele> not. [uadVss (e> ha ve* pe*ne*l ra 1 t*d si,' 
niysl.<*ry uiide*s'ly ing histhe*e>ry of I in* t if 
str’ue'ture* e'emsta.nl, bill i‘e*e*eu( tl ivru.vMnr 
eif t.he* a.e*e’Urae‘y of grating nH‘a.-.u rmu'Ci- 
of Xoaiy wa.ve* ie‘ngt bs slio w that {he-r\||.!. 
me*nla.l va.Iue* of that eoustani is epnir a. i 
(■he* ligiire* <le*inane}e*el by bis ^ ;o .j 

<‘V(*u (.he small el iscre'pam'S whieh rtaa;n!a-'i 
a.pjx*a.rs iieiw le> \anish. I’lieli'r ili<* .• < i? 
e.u nisi a.n<*e*s, we* W(‘le'omt* the* iuidd ixp..; 
(ion eif ( he* iele*a be'himl the* feu imd.oi!' 
ma.(.he‘ina.t ie*s of his fhe*eM’y. And fliu!!:d; 
one* ma.y no( si'e* e‘ye* {e> v*ye* with th«* aiitaM; 
in a.ll (had he* says, erne* nuis{ wede'ima* fin* 
aippe*a.ra.u ce* ol such an able* aoceouii n? 
pr<‘se*n ( -eia.y pr'obb^ms anel must 
(-he* ne>|. \‘<‘r’y e’ommou sue*ee‘sy with 
ubst.ruse* subje'cts lia.sa* bci'u made* nil'll- 
gibh* t.o the* conunoii unelcrsf amlimo 

T. S. S. 

Gkainh i)k MA'i'iiaM.; in.; l,i 
PE.KIVtlf:RE I'AIITU.; ; Gxi.STKNdF. DFH (!k,\INS 
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(12 fr.) ; Deuxi^me Paetie : Structure des 
Atomes (14 fr.) ; Troisieme Partie: Hoyaux 
DES Atomes (7 fr.) ; Quatrieme Partte : 
Transmutations Provoquees (12 fr,). By- 
Jean Perrin. (Actualites Scientifiques et 
Industrielles, Nos. 190, 191, 192 and 

193. Hermann et Cie, Paris, 1935.) 

All who have been charmed by the 
vivacious style and the beautifully clear 
exposition of Perrin’s “Atoms” will welcome 
these monographs by the same master hand. 
There is the same verve and elegant presenta- 
tion undiminished by the passage of years. 
It is interesting to learn incidentally from 
these books the part played by Perrin in the 
modern development of Physics. The first two 
parts contain an account of the structure 
of atoms and molecules presented in a fresh 
and logical manner without any mathematical 
details but including the results of mathe- 
matical arguments. The third gives an 
account of radioactivity while the fourth 
discusses the modern discoveries of the 
neutron, positron, heavy hydrogen and arti- 
ficial radioactivity and the implication of 
these in the structure of nuclei. The treat- 
ment throughout the four monographs is 
from a modern viewpoint, the old problems 
being organically connected with the latest 
results. Towards the close are some interest- 
ing speculations about the structure of 
neutrons, protons and nuclei and the origin of 
cosmic rays. There is unfortunately a larger 
number of misprints than Ave should like to 
see. There are also one or two mis-state- 
ments such as the one which ascribes Comp- 
ton’s discovery to the year 1925 or which says 
that the atomic number of Pt is 77. These 
are, however, very minor matters. The 
fresh and unified presentation of the old and 
the new can elicit nothing but admiration ; 
the range of topics includes the latest deve- 
lopments which cannot yet be found in any 
text-book. The books will no doubt thrill 
all readers into enthusiasm for the subject 
they treat and we heartily recommend them 
to scientific Avorkers and lay readers alike. 

T. S. S. 

^ 

Au DELA DE l’Electron, By Sir J. J. 
Thomson, o.m., f.r.s. Translated by E. Pric. 
(Actualites Scientifiques et Industriel- 
les, No. 211. Hermann et Gie, Paris, 1935.) 
Price 7 fr. 

This is a translation of Sir J. J, Thomson’s 
“Beyond the Electron” with a preface by 
M. A. Cotton. It is befitting that the dis- 
coverer of the electron should also try to 


give us a picture of its constitution. Until 
recently the electron played a role only as a 
point charge but modern developments have 
made it necessary to probe into its structure. 
Though giving only a partial explanation, 
Sir J. J. Thomson’s attempt to deduce the 
properties of the electron from a hypothetical 
structure is very, interesting. The A\'ave-like 
and particle-like natures of the electron are 
made to appear as necessary concomitants 
of its structure : the electron is supposed to 
have a double structure, one part consisting 
of lines of force where the energy is localised, 
and the other a train of Avaves in resonance 
Avith this and determining its trajectory. 
In this respect the electron appears to be 
somewhat similar to the waAm-packet as- 
sumed by Sir J. J. Thomson in his theory of 
light. The mechanical and magnetic 
moments of the electron, hoAvever, do not 
follow from the theory, while the success of 
Dirac’s theory was due to its explanation of 
just these properties. Now that Born and 
Inf eld’s theory of the electron as a singularity 
in the field appears so successful, it is very 
profitable to see hoAv much a less formal 
and more intuitional conception can explain. 
As a contribution to this end, Sir J. J. 
Thomson’s monograph deserves careful 
perusal and the x>^T^sent French translation 
Avill no doubt serve to draw more att.(mtion to 
this interesting attempt of Sir J. J. Thomson 
to extend classical ideas so as to furnish an 
answer to some of the questions which have 
so far found only a. quantum -mechanical 
treatment. 

T. S. S. 

i|: :i: =): 

Practtoal Solution of ToR>sroNAL VruRA- 
^JTON Probtu^ims. By W. Ker Wilson. 
(Messrs. Chapman & Hall, l.nndon, 1935.) 
Pp. 438. Price 256\ 

The practical experience gained by the 
autlior for several years in carrying out 
investigations on torsional Aubration in 
different types of installations has been set 
forth in this book in a manner suitable for 
OAUAryday reference. Those that are engaged 
in the design of high-speed engines, turbines, 
turbo-generators, internal combustion en- 
gines, marine installations, etc., will find the 
book extremely useful as the author has 
tackled CA^ery conceivable problem connected 
Avith their torsional vibrations. Every case 
discussed theoretically has been illustrated 
with an actual numerical example from 
practice and this feature adds to the Auilue 
of the book a good deal. 
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Starting' with the fundamental definitions, 
the natural frequency of torsional vibrations, 
position of nodes, and relative amplitudes 
for one, two, three, and multi-mass systems 
are calculated in the lirst diapter. Ihe 
method of tabulating these results, taking 
as examples four typical engine aggregates, 
two types of direct-coupled gmerator 
and two types of marine installation, and 
the interesting deductions from these results, 
occupy a major portion of the second chapter 
and they are of immense value to the design- 
ing engineer and the draftsman. Practical 
mkhod of tuning the oscillating system of 
a direct-coupled generator and the shaft 
system of a marine installation to produce 
a favourable disposition of critical speeds, 
are. also given in the same chapter. 

The oscillating systems of actual installa- 
tions are, liowever, much more complex 
than the ideal systems usuallj^ discussed in 
books, and with a view to assist the designer 
in his attempt to reduce any system to the 
standard one, a fairly big chapter has been 
devoted to the calculation of equivalent 
masses, equivalent elasticities and equivalent 
systems. The determination of stresses due 
to torsional vibration at non-resonant speeds, 
phase and vector diagrams for multi-cylinder 
engines, stress diagrams and calculation of 
dynamic magnifiers are spread over two 
chapters and typical examples taken from 
Electrical Engineering and Marine Engi- 
neering practice, have been w'orked out. 

Accurate measurements of torsional vibra- 
tion amplitudes under service conditions 
have to be made to enable theoretical calcu- 
lations to be checked and reliable damping 
factors to be established. The author has 
therefore given a full description and the 
method of using (1) the Geiger Torsiograph, 
(2) the D. V. L. (Deutschen Yersuchsaustalt 
fur Liift fabrt) Torsiograph, (3) Eotational 
Decelerometer, and (4) Electro-PhotogTaphic 
Vibration Eeeorder. Torsiograph records for 
various engines have been given and the 
actual values obtained from these curves 
have been compared with the figures ob- 
tained from theory and any difference is 
accounted for. 

In certain cases the natural frequency can 
be modified so as to secure a safe working- 
speed range and for this four important 
methods are thoroughly discussed in a 
chapter. The amplitude of torsional vibra- 
tion can be reduced by altering the position 
of the critical speed (1) by altering the 
torsional rigidity of the shafting, (2) by 


modifying the dimeiisioiis a.nd distributi' 
of th(‘. attaclHHl nia.S8<‘.s, (♦)) by (‘bistieaJ 
connecting n sup^hxaiHMiia.ry ne.iss to t 
main system at a point lanmdv from I 
nodes, k) that the luitmral h'vqmnicy ol i 
add(Ml svstem is eciual t-<) t hat of i lu^ <M'igni 
system, ‘and (i) by additlon nf supphumnila' 
mass at a point remote fi'oin tlie noih‘ ai 
connecting it to th(‘ inain systcmi so Hi: 
there is a periodic \aiiria<i()n oi iiatur 
freqmmcy or an automalb* (Tia^ngi' ol na.t ur; 
frequency at critical !spc‘<Mls. 

Alternatively, fri(*.tional daiinpiiig de^'it‘l‘ 
or alteration of firing or<l<‘r, c:in b<‘ nset 

The last chapter dcm-ls vvitli the (iytmm 
cliaraeteristics of el(U‘.la*i(*aI gema-.U ing s(‘ 
direct-coupled to intt^rnal (‘otubustion t*r 
gines. Among other things, the protaaiui 
indicated for obtaining* the l1y\vh(»<4 
necessary for the satis fai('tory <>iaa’a;l inn ( 
parallel running alterna.i'Ors drivtm by iniei 
nal combustion crngines, is pa.i’licularly in 
terestiiig. 

On the Avhohq the Gook is as (mummll 
practical as it is the(>rcd.i(*a.l a.nd a vc‘r\- iisehi 
addition to any EngiiKHM'ing bibrairy. 

In future editions, th<‘ explanation <»l :il 
the notations might with a.dva»n1;Kgc be .giv(‘i 
at the beginning nf tln^ book, iiisl<*ad o 
re])eating them in eacdi elmpl(*r, aanl als( 
th(‘ numbering of all t4u‘ iMjiialions in tin 
book may be made (‘.ontiuuous insl.ead o 
according to chaptm*. 

Fj. K. ItAMASW ami. 

;|: - 4 : 

Tirn PRiNOiPLns on El!<]( vpiMd Pownii- TTians* 
MISSION BY Ai/riORNAau ( I'hini 
Edition.) By IL Wabdicair, A.m.i.k.k. 
(Chapman & Hall, Li.d., Ifir>r>.) I’p. 1 Pt 
Price 21,'?. net. 

This pr!bli(*.atioii is a. r(‘vis<Ml and (mla rg<*d 
edition of the staaidard book on Powoi 
Transmission familiar to Engiinaa’s and I'higi • 
neering st.udxmts and is vau'y ust'Ful for any 
Technical Laboraliory. 

The author has colkctaal valna-bk^ iid'ornmi- 
tion from a large volninc' of lil <a'a(ur<‘ pub- 
lished from tinn^ to iini(‘ imdiiding scwm’ul 
standard publications of ina.nnra.c1 tiring linns 
of repute and given a sysPmialie <‘X])osi< ion 
of the principles of design of tra>nsinission 
lines and a comprelumsi v(‘ list- of valaalile 
references for the investigator aaul (.(aiclna*. 

The economic and fnndaimmt.al (‘Uad ricai 
principles are treated in s(q>aT*ait(‘ clia, piers 
and the calculations coneeriKHl a.r(' ('a.rcd’nll} 
worked out. The performance's of short 
and long transmission lines arc treated 
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S(‘|)n.r:i.{.<‘ly \s W h aiiul ilijiiiTaimnat.ic 

illusl I'al ions of 11 h‘ stiiiKhu'd typo. 1'ho 
various point s of (l(\sii!,’n and ina.nura,(‘t.ur(‘ of 
('ondu(d ors, su ppori in.u st rind ur(\s a,iid insulat- 
iiiil’ ma<(M‘ials Foi* o\’(‘rh<aiid liiu^s air(‘ t,r(‘a.t(‘d 
in s<d)a>!’a.l olnipf (U's, with I'lill dismission ol* 
(h(‘ \arioiis slandai'd (U^si.u'us and tludi’ 
adopl a hilil y und(M‘ diilorinil ('ondil.ions. 
X'oilaip^ ('ontrol !)y plia:S<‘ n)odi(i(n*s and 
pro v(*n lion ol' daaiii^n’oiis (‘urronts ai*(‘ iddy 
d(‘aJi wil ii id viny did.ails a,nd wirin.'** diai>:rains 
of a.ppa.ra.lns (nnpIoy<‘(i. 

The (*lia.pt(‘r on uindn-^'rouiid (aiiblcss (hails 
in iiiaail (hdai! wiili ad aispiads ol* powi'V 
I ransndssion llirouiiii nnd(n'<>‘roiind (aibUss 
and tln^ lai(ssi d(‘Vv'!opin(nd s in Mn^ d(‘sii»‘n 
and nninura.ol nr(‘ of jl'i^ii 'Idaision oablos 
liav(* b(‘i‘n tliorou^ddy dis<Miss(‘d with v(‘ry 
mail illusi ra.l ions. 

lb*(‘ssur<‘ i*is(‘s a.nd proliad.ion ai<;*ainst 
aI)nornnil pr(\ssnr(‘ ris(‘S is v(a‘y well writtmi 
and il\(‘ pra.otdail Mnidncun* as woll as t.lio 
l(ai(*li(n* will lind tlu' book V(‘ry intenasstin^' 
and nsid'uL 

K. P. 

:l; :l: 

PxnKUiMKN'rAn lai vskxao (UiuMis'ruv (vSo- 
cond Pdiiion), l>y Fa-inanilion l)a.ni(ds, 
d. !I Tow ard-Mai( liow's Uiud flohn VVairnni 
W'i Hiatus. (l\Io(*ra,w~]rill Hook (Company, j 
I no., N(‘W York a>nd London, PKM.) Pp. 
\ix t -Ihb, l id Im^u’s. Pri<*(‘ 2 .Ls‘. lud. 

In Utis n(‘\v (alit ion, td(‘ jj^ann'ral arran^aaiuail. 
of Mi(‘ lit'sl' inijtrt'ssion lias Ixaai roLiinod. 
Part. I \vlii(di provid(‘s ai la.bora4.ory inaunal 
sl a.nds ,^r(ait ly a.ll tnaMl in l.lia.i. sixiaaai ol* i.bo 
h‘ss sai isra.olory (‘xixnannnit.s ha.v(‘ Ixani oinit- 
i.(‘d a.nd niiu‘ tuwv oinas have bo, on adthal. 
AnionJ^’sl tlu^ a.dditaons a.r(‘ oxi)(‘rini(aits on: 
nioh‘(Mila.r lilins on li(ini<ls, (‘had-rokiiudic 
plnnionnanp (list I'ibul, ion ol'. pa.rt.i(‘.lo. sizo in 
a-n (Oindsion, t bo dibit onnd.m' in i.ho st-udy oC 
laai'Olion ra.i<‘S, li.’a.l va.nio. cadis witli and wit.h- 
out t ra.nsbnaMKaa t ln^ ^’lass (d(a‘.t.T*od(‘, tbo 
li(d (‘rody n<‘ Ixail nnddod Tor ditdcad.ric* oapa- 
oil v a.nd Inaivy bydro^A’cni. In. s<‘vora.l ol* l.lic 
(*x(*‘rois(\s nd-abuMl 1.1 h‘ ivxporinund.al Uadinuiuo 
bus Ixani inodiCu'd \vit,li a vi(‘W t.o scaairc^ 
hidden’ a.ooura,oy. Hart. II (whioh doals wilb 
appa-ralns I'oiind inosi. suilaJ)l(‘ lor advanccal 
work or rcsstaircdi on to pi os dead t with in Part J) 
Inis bcHMi sli^dt.ly amidilical with a viow to 
kca^p ]y<we with rcaanit litcnaituro by addition 
ot topics suoli a,s Iloyrovsky’s polarooraplK 
Pa.inan sjxadriun, Ya])oTir density balance?, 
lii^j^di vaouinn t.cadiniciVKS ^dx'.. Tlu^. chapters 
on pliotocdnnnistry and capacity liavc? been 
coiisidorably amplibocl. Part III dealing 


witli niiscellanoons operations lias been 
extendc'd to include chapters on vacuum 
tubes and errors of measurement. One who 
go(‘S through tlie book is greatly impressed 
by t.h(‘ number and variety of exercises and 
the adcaiiiate theoretieai background for 
caieli of them. In view’^ of the profuseness 
ol* the material it. is to be regretted that no 
rcdorcuua^ is made to the following : MePain’s 
(jiiartz spring balance (useful in stuiiying 
solid- vapour equilibria), the determination 
of the thermal conductivity of gases and tlie 
constrnc'.tion of ])recision air thermostats. 
The importance of corrections (as determined 
by liarkins and eo-Avorkers) in the ‘‘ring” and 
ilu‘ ‘hlro]) wcMglit” methods of der.ermining 
surbice tension eonld have been pointed out 
with advantage. In spite of tliese minor 
omissions the book Avonld be highly useful 
to students as Avell as teachers. 

K. S. Gitrtjraja Doss. 

The Geology atxd Mineral PiESources 
OF Burma. By Dr. H. L. Chliibber, pIi.d., 
.D.sc., F.G.s., F.R.G.S. (Macmillan & Co., 
Ltd.) Vol. 1, Geology of Burma, pp. xxviii4- 
580. Price 30.9. net. Yol. 2, Mineral Ee- 
sourees, iip. xv+309. Price ISs. ncd;. 

The two volumes before us constitute a 
substantial (contribution to our knoAAdedge 
of the geology and mineral resources of 
Burma, a country which is so aptly de- 
scribed as ‘\stiil a land of the future.” Almost 
imiucxliatcdy after he entered on the teaching 
staff of the new’ly formed Department of 
Geology in the University of Bangoon under 
th(‘ (UixHd.ion of Dr. L. Dudley Stamp in 
the yc'ar 1924, Dr. Chhibber realised the 
ncHHl for a decent, and comprehensive manual 
on tlic^ Geology of Burma, and soon resolved 
to su])ply this want himself. During the 
nc^.xt fe.AV years he deliberately set out to 
qualify liirnself by travel, field Avork, and 
laboratory study for the efficient execution 
of this task ; and the books noAv under 
review are the result of these labours. As 
Dr. L. Dudley Stamp says in his appreciative 
Foreword, these two volumes by Dr. Chliibber 
‘h’eprescnt a valuable combination of per- 
sonal research and field work and a minute 
and critical examination of existing litera- 
ture” on the geology and mineral resources 
of Burma. 

Yol. 1 deals Avith the geology of Burma 
and is made up of 34 chapters covering 
about 500 pages in all. A fcAV of these 
chapters have beeuAVTitten in collaboration 
with Mr. E. Eamamirtham of the Geology 
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Beiiarfineiit, Uiiivoi'sii.y Eaii.goon. 

Th(^ lirst 9 ('lia|)lei\s cU^al with siicli aspects 
of general geology as Ivicer systems, Lakes, 
Eartliqiiakes, Miid volcanoes, Denudation, 
etc. Tke next 17 clnxpters are devoted to 
the stratigra])hy of Burma and contain a 
detailed and connected account of the 
constitution, classilication, and character- 
istic fossils of the ditTerent rock formations 
in their stratigraphical order. The palaeonto- 
logical portions of these chapters have 
been read throiigli and revised by such 
eminent palaeontologists as Prof. A. Morley 
Davies and Dr. F. E. Cowper Reed. The 
remaining 8 chapters deal with an intensive 
study of igneous activity in Burma under 
such aspects as its relation to tectonics, 
variation in time and space, variation 
diagrams, etc. and in writing these the 
auDior lias had the valuable criticism and 
guidance of such well-known ijetrologists 
like Prof. P. G. H. Boswcdl, Prof. A. Brarnmal 
and Dr. G-. W. T37'rrell. Tlie hook concludes 
with two valuable -appendices on the corre- 
lation of the geology of Burma with that of 
Mala 3 m and Assam, the former by Mr. 
J. B. Scrivenor, late Director of the Geolo- 
gical Survey Department, h'ederated Malay 
States, and the latter by Mr. P. Evans, 
Geologist of the Burma Oil Co., Assam. 

The second volume on the mineral re- 
sources of Burma is much smaller tlian the 
first and has about 300 pages, divided into 10 
chapters dealing with the various kinds of 
deposits of economic value found in 
Burma — ranging from gem stones like ruby 
and sapphire to soils, road-stones, and build- 
ing materials. Imder each type of mineral 
deposit, an account of its geological and 
geographical distribution, and present me- 
thods of exploitation have been given, 
together with chemical analyses, statistics 
of production, etc. In a few cases valuable 
suggestions have also been made regarding 
the future development of some of these 
mineral deposits. In writing some of these 
chapters, the author has wisely taken tlie 
assistance of several competent men, and 
thus has secured a certain amount of autho- 
rity for liis wmrk. For instance, the chapter 
on Petroleum is wholly written by Dr. L. 
Dudley Stamp : many of the statements 
made in the chapter on Salt have had the 
approval of Mr, E. G. Robertson, Chief 
Collector of Salt Revenue, Burma ; and the 
chapter on Soils has been written in collabo- 
ration with Mr. S. P. Aiyar of the Burma 
Agricultural Service. It is Avell known that 


from the point of view oC mineral resources, 
Burma is undoubtedly the most important 
province of the Indian Empire ; and we 
liave no doubt that the present volume by 
Dr. Chhibber will be of great assistance to 
all those who are interested in the d(‘velo]> 
ment of these mineral resources. 

In both tlie volumes under review, at the 
end of eacli cha])t(n numerous references to 
original papers liave been given ; and a peru- 
sal of the complete list of such references is 
enough to impress us with the extent and 
volume of library work which the author 
must have done in writing’ these volumes. 
With the subject-matter so nicidy arranged 
and classified, and aided by tlie numerous 
and excellent illustrations so well reproduced, 
we have no doubt that Dr. Oliliibberjs 
volumes will long remain as valuable books 
of reference for those interested in any aspect 
of the geology of Burma. 

On reading tl) rough the two volumes, we 
are, how'ever, inclined to make a few observa- 
tions by way of comment. In Yol. I we 
think that a good bit of the information of 
the kind given in the first 9 chapters, thougii 
interesting, is lia.rdly necessary in a book of 
this kind, and might well have been cut out, 
thus reducing the entire matter to about 
half its present size, without in any way 
sacridcing the value of these chapters as an 
introduction to the study of the geology of 
Burma. It is also difiuuilt to appreciate 
the propriety of such an intensive treat- 
ment of the igneous rocks of Burma as is 
embodied in chapters XXYIIf to XXXIII. 
W'hile we have no doubt that the information 
given in these chapters is of th(^ most valu- 
able kind, we still feel that sucli a detailed 
study dealing with igneous petrograjiliy 
and petrogenesis — though it be all relating 
to the rock types from Burma — lias hardly 
a place in a book lik(i this devoted to a general 
study of the geology of Burma. If however 
it is considered desirable*, or nc'cessary by 
the author, to include tliese cliapters for 
the sake of completeness, we miglit well ask 
why the same treatment should not also leave 
been extended to the sedimentary and m(*ta- 
morphic rocks '? With these concluding 
chapters in Yol. I very much abridged, and 
with a certain amount of general trimming 
in Yol. II in places wiiere the present 
methods of mining etc., have been described 
in much too great a detail, we think it should 
have been possible for the author to achieve 
his original intention to cover in one volnine 
both the geology and the mineral resources 
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of Burma ; and this. A\'e feel, would have 
been better. 

In both the volumes agaiin, we regret to 
see certain features in expression which are 
usually considered undesirable. For 
instance, in Yol. I, almost within a page or 
two, we see one and. the same person variously 
referred to as '' Stamp ”, “ Dr. Stamp ”, 
“ L. D. Stamp ”, '' Dr. L. D. Stamp ”, and 
'' Dr. L. Dudley Stamp ”. A locality is 
spelt hfwetaung ” in one place and 
'' Isgwetaung ” in another. In mentioning 
the fossils of the different strata, there is 
no consistency in the classification adopted. 
In one place (p. 150) Mollusca is considered as 
a unit of the same status as Hydro ?o a or 
Anthozoa ; while in another (p. 142) the 
name Mollusca does not appear but the 
three different classes of this phylum — 
Pelecypoda, Gastropoda, and Cephalopoda 
have been mentioned individually and each 
given the same status as the term Mollusca 
on page 150. On pag'e 173 one cannot see 
why the phylum Arthropoda should come 
in between Pelecypoda and Cephalopoda ; 
and on page 226 the term Pelecypoda ” 
w'hich has been used so far is suddenly 
dropped and w'e get the term, '‘Lamelli- 
branchiata” instead. Similarly in mention- 
ing the different species of a genus, no 
consistent procedure is adopted. In one 
place it is Bafinesquina mihrex and stih- 
deltoidea ; in another place it is Orthis 
irranadica, Orthis ehaungzonensis^ Orthis sub- 
craleroides ; and in a third place it is Productns 
cora, P. eylmdrieus^ P. gratUmis. 

There are also quite a large number of 
passages in both the volumes where it is 
difficult to understand exactly what the 
author means, where the construction of the 
sentences is rather loose and not altogether 
happy, or where the idea expressed is much 
too common place to be seriously mentioned. 
A few such examples from Vol. I are given 
below : Some of them (lakes) are important 
because amongst the sediments with which 
they have become filled in are minerals of 
value, including oil shales and lignite. In the 
southern parts of the Shan States, one of the 
lakes formed in this way still remains ; 
this is the Inlelake.” (p. 40) *, Aristocystis 
one of the peculiar fossils of the Ordovician 
period.” (p. 138) ; "Besides Camarocrinus 
asiaticus, Lingula quadrata, Orthis irrava- 
dica, and Fleet amhonites repanda have been 
found in them.” (p. 145) ; ‘'But fortunate- 
ly for Burma, there is within easy reach a 
whole series of richly fossiliferous Silurian 


deposits of this period with their rich 
faunas.” (p. 149) ; ’'Out of 26 species found 
in the Irrawu-aian series, six are entirel}^ of 
aquatic habit and two are semi-aquatic. 
Seven to nine lived chiefly in marshy swumps, 
while the remaining eight are identical with 
Indian Siwalik forms. Out of the 26 species, 
11 at least are identical with the India 
Siwalik forms.” (p. 254) ; '‘The origin of 
fossil wuod is due to colloidal material 
associated with waters laying dowm tlie 
deposits in which it is preserved.” (p. 256) ; 
"It wus not until late Cretaceous or early 
Eocene times that the subterranean tires 
once more aw^oke to vigorous action”, 
(p. 291) : "Tn each case there is little re- 
maining evidence to sliow^ the action of the 
igneous rock upon the soft sands and clays 
through wliich it passed, due partly to the 
rapid rate at which these beds are denuded, 
but at the same time, had tliese intrusives 
been accompanied by heat then the beds in 
contact wmuld have shown some indications 
of motamorphism.” (p. 393); "In the absence 
of fossils it is very difficult to announce the 
age of a formation. ” (p. 470). 

In Vol. II w^e have : " When tliese mines 
are active Shan women wu.sh for gold as they 
do at present in the ja.de mine area, wliile 
their male relatives w^ork for rubies and other 
gem stones.” (p. 14) ; "In places it (gabbro) 
is so tine grained and granulitic that, without 
the aid of a microscope, it is difficult to dis- 
tinguish externally from basalt.” (p. 38); 
" Quartz is visible in thin sections but is very 
subordinate, and the rock appears to be a 
quartz diorite. The felspar is very largely 
altered, but how^ever plagioclase is pre- 
dominant.” (p. 40) ; "A stray labourer might 
search for jadeite boulders from the bed of the. 
stream. This is a laborious task as the man 
has not uncommonly to stand in water, about 
thigli dee]) all the time wiiile, as a rule, the 
rewurd of his exertions does not arrive very 
p^omptl 3 ^” (p. 65) ; " The average double 
prismatic cleavage angle is 87 -3, wliile it 
varies from 85*2 to 89-0, depending upon 
the angle at wliich the crystal is lying in the 
section. ” (p. 67) ; '* It is notew^orthy that 
in sales and valuations, prices are not men- 
tioned openly, but are indicated by a conven- 
tional system of linger pressures under cover 
of a handkerchief. ” (p. 78) ; " A considera- 
ble quantity of stone is smuggled across the 
border in addition to the small amount offici- 
ally carried over by mules, wliich return from 
Burma to Yunnan and China with the advent 
of the rainy season. ” (p. 79) ; “ The cutting 
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(of jadoite) is done witli stocd wire ; generally 
two of three wires are plied togetlier. Tlie 
boulder rests on a -wooden frame and the sa^v 
is worked by two men sitting at either end. 
On one side there is a small basin containing 
coarse carborundum powder and w'ater, and 
during cutting this moist paste is continuo usly 
poured on to the boulder by means of a long 
rod either by one of the w^orkmen or by 
a small apprentice boy. (p. 81.) ; 

The country has undergone secular 
changes of depression, evidenced in the 
coast line and interior, follow^ed by up- 
heaval.” (p.l77); ''It (Mica) is associated 
in a medium grained pegmatite wdth a 
micrographic intergrowth of quartz and 
felspar. The author had a small pit dug 
to a depth of about 6 feet and found that 
mica continued to that depth. ” (p. 239) ; 

" With the invention of the internal combus- 
tion engine, it is becoming essential for the 
development of a rice country like Burma 
to possess a good system of roads, linking 
her main river systems with the railway 
terminii and sea ports. ” (p. 87). 

In pointing out some of these irregularities 
in, expression and in quoting at some length 
these examples of what appear to us as un- 
happy in diction, let not our intention be 
misunderstood. We have nothing but praise 
and admiration for the great trouble which 
I)r. Ghhibber has taken in compiling these 
two valuable volumes ; we are however 
anxious at the same time that in a great 
work of this kind produced bvy one of us, 
there should be nothing "v^hieh will tend to 
let it down in the estimation of the scientific 
public in India or abroad. 

L. EA-AIA Eao. 

:1: 5i: :i; 

Manual on the Air-Seasoning of Indian 
Timber>s. By S. IST. Kapur, b.sc., Ph.D. 
A.r.c., A.M.i.chem.E., Officer-in-eharge, Sea- 
soning Section, Forest Eeseareh Institute, 
Dehra Dun. (Delhi, Manager of Publications, 
1934.) 


The seasoning of timber is a very important 
subject, wdiich has suffered from undeserved 
neglect in India, considering her vast timber 
resources and the necessity for properly 
conserving them. In Europe and America, 
the old-fashioned method of air-seasoning 
has been superseded to a very large extent 
by the modern processes of kiln-drying. In 
India, hoivever, for some reason or otlier, 
air-seasoning is the only method practised 
to any large extent. Even tliis method is 
not followed in an organized, scierititic 
manner and liaphazard methods of seasoning 
are responsible for the loss of large cpiantities 
of valuable timber. Mr. Kapur’s book is 
therefore a very timely and useful publica- 
tion. 

The first part of the book is devoted to a 
general description of the principles and 
methods of seasoning timber. Among the 
important topics dealt with are : — ^IVIethods 
of Determining Moisture in Wood, Shrinkage 
and Moisture Eelation of Wood, Mechanism 
of Wood-Seasoning, Seasoning Defects and 
their Causes, Water-Seasoning, Eequirements 
of Air-vSeasoning and Practical Methods of 
Stacking Timber for Seasoning. Eacli of the 
topics is briefly but very clearly dealt wdth 
and illustrated by nuiniwous excellent 
plates. 

The second part of the ])ook is entirely 
devoted to an account of the air-seasoning 
cha.racteristies of 120 of the conuiionest 
sxiecies of Indian timber. Dirc^ctions about 
the projier methods of seasoning are givei) for 
each species. As these are mostly based on 
experiments by the author and his colleagues 
at the .Forest Eeseareh Institute, tliey will be 
found very useful by all who are interestjul in 
the subject. 

The printing and get-up of the book, 
and the illustrations are excellent. The 
author deserves to be congratulated for 
w-riting a very useful and instructive book 
on this impor-tant subject. 

C. V. 
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house or person, and procures an insufficient 
supply of food from the garbage of towns and 
viiiagi^s. A misguided sentimentality prevents 
tlie destruction of these stray dogs. No other 
animal is as intimate psychically and physically to 
man as the dog. Rules and regulations to coritrol 
the dog population should appeal to both dog 
lovers and humanitarians. The neglect of this 
simple remedy for such a dread disease, wdiich is 
100 per cent." fatal, reflects upon the logic and 
intelligence of ourselves and our contemporaries. 

Registration and licensing of . dogs must be 
enforced by all municipalities and district boards. 
The licensing fee must be fairly high to prevent 
persons who can ill -afford to keep dogs from 
owning them. Any person possessing a dog 
without a license must be Iieavily fined. Lethal 
chambers must be established for the destruction 
of all ownerless dogs. Clubbing, poisoning and 
the shooting of them in the streets are out of 
the question. All railway companies should 
make arrangements to destroy stray dogs found 
in railway station premises. 

In rural areas, besides the destruction of stray 
dogs, jackals also should be destroyed, as no 
doubt a certain percentage of dogs get their 
infection from this source. 

No useful purpose w^ould be served at the 
present time by the quarantine of clogs imported 
from foreign countries, while rabies is so prevalent 
within the land. Only when w'e have perfected 
the system of controlling the local dog population, 
should attention be paid to the quarantine of 
imported dogs. At present, most of these dogs 
come from Australia and England where no rabies 
exists. 

During recent years, almost all the Pasteur 
Institutes in India- have been using a more con- 
centrated vaccine for treatment. Since the 
introduction of the higher dosage, there is a 
significant fall in the mortality rate. 

Anti-rabic treatment should be decentralised to 
the utmost extent possible, so that persons bitten 
by dogs could have treatment nearer their homes. 

* * :tc 

Anthropology. 

President: Dr. G-. S. Ghhryr, M.A., Ph.D. 

(Cantab.). 

ANTHROPOLOGY AND OUR EDUCATIONAL 
SYSTEM. 

The subject of Anthropology is still new and 
strange enough to evoke different reactions in the 
minds- of different people. To the lay man it 
conjures up pictures of skulls and other bones, 
sometimes of the “ w^eird ” customs of “savage” 
peoples and “ curious ” implements of stones and 
bones. The explanation of this popular concep- 
tion lies in the growth of this science and in the 
fact that it comprises three brcxnches dealing with 
aspects of man’s history which are not as yet 
properly integrated in the courses of .study in 
Anthropology and in tlie practice of professed 
Anthropologists. Anthropologists have not paid 
as much attention as the importance of the subject 
deserves to the social and cultural history of 
ancient and modern civilizations. The use of this 
science as conceived by the great British Anthro- 
pologist Tylor assumed a very wide scope of the 
subject. Anthropology was to be a guide for 
bettering social life. To this end inclusion of a 


proper study of the social and cultural history of 
the peoples "of mankind, uncivilised and civilised, 
past and present, is quite essential. Such a study 
is bound to convince people of the reality of 
culture-contact, and of tlie part such contact has 
played in the shaping of civilizations. That 
culture does not progress uniformly . but shows 
cycles of advance and regress, that certain highly 
developed cultures have perished while other 
peoples wdio liad but the rudiments of culture have 
made .great progress are very important lessons 
for us Indians. Onr younger generation imbibing 
these lessons will develop a correct attitude towards 
the situation wdiich lias arisen out of contact with 
Western civilization. We need not be down- 
hearted and actuated by inferiority complex. Nor 
should we develop a sense of superiority and self- 
complacence. We have amongst us a fairly large 
number of primitive ti*ibes whose assimilation in 
our culture is a problem of great national import- 
ance and is one which ought to be studied with the 
help of expert Anthropologists. Our approach to 
the much-needed social reforms must be changed. 
Instead of appealing to the old scriptures for 
suggested reforms we must appeal to lessons from 
the history of humanity. For thus only a rational 
attitude tow^ards social change— a crying need for 
all societies— can be created. In view of the great 
cultural and intellectual value of Anthropology 
and Sociology it is earnestly suggested that- these 
subjects should be introduced in all courses of study 
which are likely to he taken up by students who 
in their future careers will become leaders of 
society in one capacity or another. 

% * Hs 

Psychology. 

President: Dr. S. C. Mitra, M.A., D.Phil. 

PSYCHOLOGY AND LIFE. 

Psychology deals with mental processes. As 
a natural science it has made considerable 
progress within the last fifty or sixty years. 
Investigations are not confined now to the mere 
academic discussions of what a feeling is, or. how 
one remembers ; but efforts are directed towards 
making the theoretical knowledge gained service- 
able in the practical fields of life. The art of 
curing physical illness is considerably helped by 
the researches in the science of Physiology ; so 
also the task of treating mental maladies is much 
facilitated by the discoveries of modern Psycho- 
logy. A disease, whether physical or mental, is 
after all a want of proper balance. Men live in 
societies. A society is an organism which means 
that there is mental interdependence and no one 
can live without the help of others. Men’s actions 
are directed towards maintaining this harmony. 
A trait in a man’s character becomes a diseased 
trait only wdien tlie presence of it leads to actions 
which tend to disturb this equilibrium. A 
diseased trait therefore may be described as not 
only an abnormal trait but an anti-social trait. 
How these anti-sociai traits develop in particular 
persons has been made clear to us by Psycho- 
analysis, and as knowdedge is power, we are now in 
a better position to combat these mental diseases, 
which unfortunately are on the increase in many 
countries, our country not excepted. 

Everybody recognises that proper education is 
one of the best methods of removing the mal- 
adjustments that w'e see around us everywhere. 
Psychology enables us to measure with some 
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degree of precis^ioii the innate aptitude and 
capacities of a boy or a girl and tlnis to indicate 
the type of education tliat is suited to him or her 
as also the avocation of life for which he or she 
is best fitted. A good deal of energy which is now 
lost in trying to fib a square peg in a round hole is 
thus saved. 

In the spheres of Industry and Commerce, in 
the wider circle of international relations as also 
in the narrower circle of family life, psychology is 
capable of rendering much useful service. In our 
country, however, the knowledge that has been 


gaim d is running into waste for want of proper 
organisation. It is urgently necessary, therefore, 
that an Institute of Applied Psycliology be 
founded here as early as possible whose duty it 
would be to undertake actual large-scale work 
for the benefit of society as has been done in many 
other countries. The problems of life in our 
country are no less keen and acute than in other 
countries, and if the utilisation of psychological 
knowledge has been helpful in other countries, 
there is no reason why such a method should not 
be adopted here. 


Diseases of Sugarcane. 


The Antigenic Properties of the Sugarcane 
Mosaic Virus. — IDw S. Y. Desai in an interesting 
paper read before the Section of Agriculture of the 
Indian Science Congress, discusses tlie results of 
sercdogical te.sts with anti-mosaic ” and “ anti- 
liealthy ” juice sera. Rabbits were immunized by 
inoculating with increasing doses of Chamberland 
Candle filtrates of mosaic and healthy leaf juices 
intravenously. Anti-mospac and anti-healthy juice 
sera were used for ijrecipitation and other serologi- 
cal tests. Anti-mosaic serum inactivated the 
mosaic leaf juice while anti-healthy serum had no 
effect as was proved by inoculating ten plants 
with each of tlie sera-mo.saic leaf juice mixture. 
All plants inoculated with anti-mosaic serum and 
mosaic leaf juice mixture remained quite healthy 
while the similar mixture wdth anti-healthy serum 
was infective to the plants inoculated. Precipita- 
tion tests with diluted sera and leaf juices showed 
that the anti-mosaic serum gave a positive reaction 
witli mosaic leaf juice and negative against healthy 
leaf juice. Anti-healthy, however, gave positive 
reaction for both leaf juices, though the reaction 
was faint in both the eases. This may be due to 
the antigenic j^roperties of the plant protein 
present in tlie leaf juice used for immunizing the 
rabbits. The plant juices used as antigen did not 
give Millon’s, Biuret and other protein reactions. 
The nitrogen in the juices was found to be *01 per 
cent. 


A New Disease of Sugarcane. — Dr. Oesai has 
recorded his observations on a disease of sugarcane 
observed at Mushcri Sugarcane Research Station. 
The symptoms of the disease were wilting of the 
canes and rotting of the plant from top down- 
wards with a strong smell of fermenting debris. 
The disease appeared during monsoon, the affected 
plants rotted very quickly and the stem became a 
mass of semi-soiid stinking pulp. Hence it is 
named ‘ Stinking rob The causative organisms 
were isolated and studied. Two types of Bacteria 
were found in the affected tissues. One w^'ls 
pathogenic and the other saprophytic but the 
mixed cultures w^ere found to be much more 
effective in bringing about the disease by artificial 
inoculation. 

Biochemical and cultural reactions of the patho- 
genic organisms were allied to organisms of the 
Pyocyaneus group but differed from Phy. Xantho- 
chlorum, B. Aptatum and B. Marginale, which 
represent the allied pathogenic types of this group. 

The organisms w’oro non-pathogenic to potato, 
beans, tomato, tobacco, and other j)lants tried. 
The pathogenicity was only confined to sugarcane. 
The infection in plants is supposed to be through 
top shoot borer holes. The ‘ dead heart ’ formed 
a suitable medium for mass development which 
initiated vigorous rotting, some plants being killed 
within a fortnight. 


A Biologist’s Philosophy of Life. 


A Biologi.st is proud of the achievements of science, 
but humble before the mysteries of nature. He 
respects truth more than authority. He rales evi- 
dence above theory, but nevertheless attempts to 
progress by the use of constructive imagination. 
He strives to be open-minded, tolerant, critical but 
kindly, courageous but cautious. He looks forward 
cheerfully to a life of hard work and expect.s to be 
methodical, painstaking, accurate, persevering — 
and modest because ho believes that his profession 
is most honourable and that his own carefully-con- 
sidered endeavour is worth while. He feels an 
obligation to keep alive by study, discussion and 
thought. If he attains honour, he has ideals, ambi- 
tion, wit and common sense and is somewhat a 
gentleman of culture. Like any man he needs an 


avocation, but he must seriously attend to his 
business in life and plan to be the best possible in 
his chosen field — industrious, w^ell informed, 
thoroughly trained, alert and active ; a swimmer 
and not a floater. 

A biologist thoughtfully chooses a field in wliich 
he can raise problems. He fertilizes his plots wdth 
carefully tested mixtures of thought, knowledge 
gleaned from books and journals, suggestions 
from colleagues, and eternal painstaking. He 
waters them with the sweat of his brow. When 
some of his cherished projects flower and bear 
fruit, he is glad— and w’rites a paper or discourses. 
Perhaps his friends say, “ It is good. This man 
has added to the sum of knowledge. Up and on I ” 
This is his reward.— Dr. Arthur Sperry Pearse. 
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SUPPLEMENT TO CURRENT SCIENCE 


Energy and Economics. 

By Gilbert J. Fowler, n.se., f.i.o., F.R.san.i. 


A t the close of a lively discussion on 
what lias now come to be known as the 
‘‘new economies”, which was reported at 
lenath in the 3Iaclras Hail of December 10th, 
1932, the following question was asked — 
"‘How can a thing the supply of which is 
infinite have any economic value at all ? 
And, how can anything which has no econo- 
mic value be used as a standard of valueA?” 
The reply was a further question — ''You 
see that ray of sunshine. What is its value V 
Eeply — "i do not know” (Laughter). 
Counter reply, "jSFor do I” (roars of laughter). 
^'But that does not make it valueless!” 
(Bene wed laughter). 

This entertaining episode awakened nu- 
merous "pensees d’escalier” in the mind of 
the present writer, and some of them, after 
the passage of two years, and careful watch 
ing of the intervening trend of things, find 
expression in the present article. 

In the first place one ray of sunlight, fall- 
ing upon a photo electric cell could cause a 
how of current, which could operate danger- 
ously or usefully according to the charac'ter 
of the mind by which it was controlled. Thus 
the energy from the far star which was made 
to set in motion the mechanism wliieh 
opened the Chicago Exhibition, might 
expially have been the means of bring a 
mine. Tn either case the amount of energy 
expended is perfectly measurable. 

Of greater fundamental importance is the 
fact that such a ray of sunlight falling upon 
a green plant cell liberates biotic energy, and 
tlie plant grows. It is estimated tliat with 
the assistance of solar energy plants conv^ert 
per year 60 billion kilograms of carbon 
dioxide into useful organic substances. Even 
so only one ten thousandth part of the total 
solar energy received on the surface of the 
earth is ttius utilized. Moreover this enor- 
mous photosynthetic activity is callable of 
being doubled if caused to act intermittently 
with a sufficiently raxiid alternation of light 
and dark periods. 

It must be remembered further that it is 
solar energy which lifts tlie water of the seas 
and brings it down as rain, which by the 
Ig.bour of man, itself derived from the energy 


of sun-raised food, can be stored and used to 
give, life to the growing crop, and to turn 
the turbines through which the solar energy 
reappears as mechanical and electrical power. 

Although tluuefore the supply of solar 
energy is virtually inhnite, its value cannot 
be denied. 

It has been calculated indeed, on the basis 
of figures given by Sir James Jeans, con- 
cerning the weight and value of 'photons^ that 
we are actually receiving £50,000,000,000,000 
worth of sunlight a day. The earth takes 
delWery from the sun of about 160 tons of 
sunlight a day and a pound of sunlight if 
supplied through a meter in the manner of 
electrical energy would cost £100,000,000. 
The only manner of utilizing the sun’s rays 
directly so far has been in. the form of heat, 
and great improvements have recently been 
made in sunshine boilers and furnaces. The 
schemes which have been undertaken with 
the object of using the heat of the surface 
water of tropical seas by heat exchange 
with the cooler water of the depths, have not 
so far been reported as successful, owing 
to some unforeseen mechanical difficulties, 
but such a process is not inherently im- 
X)racticable and ultimately may lead to a 
further increase of the enormous store of 
energy available to the modern world. 

That energy can be used as a measure of 
value is clear from the fact that the kilowatt 
hour, the unit of electrical energy, has been 
used successfully by The Yietoria Falls and 
Transvmal Power Company as the unit of 
their accountancy for nearly a quarter of 
a century. 

There would seem to be, as often happens 
in discussion of economic questions, some 
confusion of terms in the question referred 
to at the outset of this article. When the 
questioner asked v\hether anything, the 
sujiply of which was infinite, could have 
any economic value at all, what may have 
been in his mind was not value but 'profit^ 
which is quite a different thing. 

On the occasion of the miracle of the 
loaves and fishes, when it is recorded that 
all had enough and to spare, since several 
baskets of fragments were collected affer 
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the repast, there was vahte there for every 
hungry mouth, but the only way in which 
there could be any individual profit would 
have been if certain “'‘rugged individualists” 
had rushed tlie camp and held up supplies 
until they had obtained their price. 

Objection may also be taken to the term 
standard of value. Yalue fluctuates with 
circumstance and desire. Jewels once highly 
prized become unfasliionable, and the price 
sinks to a small percentage of the original, 
though the jewels are unchanged. A per- 
fume once plentiful becomes, through some 
change in natural conditions, very scarce, 
and consequently increasingly valuable. 
Such fluctuations can however be met with- 
out dislocation of the economic system if 
the token or basis of value remains unchanged. 
If however the buyer, e.g., of the depreciated 
jewellery undertakes to buy it for so many 
rupees and the seller sends a bill in which the 
rupees figure as pounds there can be no 
reasonable business. Or if goods are in- 
voiced by the Bombay Maund (2S lbs.) and 
paid for as so many Bengal Maunds (74 lbs.) 
there must be trouble. 

A fixed basis of accountancy is therefore 
necessary and this cannot be found in a 
commodity the value and quantity of which 
is constantly varying. It is as if travellers 
having made arrangements for their journey 
on the basis of the fares given in the com- 
pany’s timetables, were to find either that 
there w-ere no tickets to be had, or that the 
Xuice had grea-tly increased, owing to the 
scarcity of the paper of which the tickets 
were made, though all the time the train 
was awaiting them with plenty of accommo- 
dation. 

Such a procedure would be equivalent to 
cornering theatre tickets w’-hile the house 
was only half full and there was a long 
waiting queue outside. This operation is 
said to be a criminal ofience in Mexico. 

The confusion therefore in the discussion 
with which this article opens is between 
money and icealth^ and also between value 
and profit. 

The connotations of these words like many 
other words concerned with fundamental 
conceptions, have varied through the ages 
according to the level of perception reached 
by the thinkers of the time. 

According to Prescott {History of the 
Conquest of Pemi), the ancient Incas would 
have seemed to have reached a higher level 
of understanding than their Spanish con- 
querors. In the first place they realized the 


fundamental importance of agriculture. 
Every man, except the privileged classes, 
was required to assist in the cultivation of 
the land. The Inca himself did not disdain 
to set the example. On one of the great 
annual festivals he proceeded to the en- 
virons of Cuzco, attended by his court, and 
in the presence of all the people turned up 
the earth with a golden plough, thus conse- 
crating the occux)ation of the husbandman 
as one worthy to be followed by the Children 
of the Sun. One cannot help but be re- 
minded of II Duce, who in similar, but 
more homely and democratic manner, has 
encouraged the Italian cultivators. 

Gold in the Inca economy was valued for 
its beauty, it was not used as money but was 
lavishly employed to decorate the Temple 
of the Sun, and marvellous workmanship 
was displayed in these adornments. This 
workmanship was lost upon the Spanish 
conquerors who caused the Indian gold- 
smiths to melt down the work of their own 
hands into bars of gold. At the sack of 
Cuzco, Prescott writes: “Eveiy article rose 
in value as gold and silver tlie representa- 
tives of all declined. Gold and silver in 
short seemed to be the only things in Cuzco 
that were not wealth.” 

Tnis vandalism has alas not been confined 
to the Sx)anish conquerors. In the exceed- 
ingly interesting Supplement on Gold pub- 
lished by the Times in June 1933, it is stated 
that the exquisite work of early goldsmiths 
is now very rare, owing to the majority of 
the pieces having been melted down for 
bullion by various warring armies. Posssi- 
bly some of these ravages may have been 
present in the mind of Milton in his descrip - 
tion of Mammon. 

Mammon., tlio least erected Spirit that fell 
From heav’n, for cv’n in heav’n liis looks and 
thoughts 

Were always downward bent, admiring more 
The riches of Heav’n^s pavement, trodh Gold, 
Than aught divine or holy else enjoy’d 
In vision beatific.’' 

The words of Prescott concerning the 
Spaniards in this connection, are also w^ortliy 
to be quoted : ''The wealth thus suddenly 
acquired, by diverting them from the slow 
but surer and more permanent sources of 
national prosperity, has in the end glided 
from their grasp, and left them among the 
poorest of the nations of Christendom.” 

There would seem to be an analogy 
between the ideas of wealth entertained 
before the days of Adam Smith, and the 
ruling notions of the scientific world before 
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the time of Dalton and Joule. To consider 
wealth as gold, resembles the thought of 
heat as caloric, a definite substance. The 
present writer derived his early ideas of 
energy from Tyndall’s classic volume “Heat 
a Mode of Motion’’, a title which indicated 
that such a conception of heat was still by 
no means universal. It is little more than 
a century ago that terms such as phlogiston 
and caloric were current in scientific litera- 
ture. They belong to the same static sense 
of things as is expressed in the “wages 
fund” theory of Bentham and others, so 
caustically criticised by Karl Marx. Marx 
himself however appears to argue that the 
“Value” of commodities depends exclusively 
upon the amount of labour involved in their 
production, and he goes on to contend that 
the labourer produces more than is necessary 
for his subsistence, and that the rest of his 
product passes to the capitalist, who has 
bought his labour power for a subsistence 
wage. This is his main charge against the 
capitalist system, that while it encourages 
production, the profit ol the production goes 
to the capitalist and not to the workmen. 
Unfortunately economic history has largely 
confirmed the conclusion of Marx. The 
proof of this is a simple matter of statistics. 
Thus in the 1911 edition of Chiozza Money’s 
“Riches and Poverty”, the following data 
are given : Taking figures for 1900 as 100, 
by 1908 wages have only risen to 101 nominal, 
an actual drop in real vaJue, whereas profits 
have gone up to 1121. Between 1893 and 
1908 nominal wages increased by 12 per 
cent, and profits by only 1 per cent, short 
of 30 per cent, -which means that the capitalist 
has managed to get approximately two and a 
half times the nominal increase of the work- 
man’s takings, and in real values to get all, 
or more than all, of whatever increase may 
have been harvested. 

It is over Marx’s proposed remedy, namely, 
the Dictatorship of the Proletariat, or of 
the working classes, that there is room for 
serious discussion. After all, it is President 
Roosevelt who says, “I do not believe that 
in the name of that sacred word, indivi- 
dualism, a few powerful interests should be 
permitted to make industrial cannon-fodder 
of the lives of half the population of the 
United States.” 

Henry George looked upon land as a funda- 
mental factor of production and believed 
that if the possession and control of land 
could be in the hands of the people, i.e., 
the State, it would be the cure for economic 
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troubles. Without “a man to till the 
ground,” land in itself has, however, little 
value as wealth. Marx’s workmen without 
the assistance of the machine, itself driven 
by solar energy, either conserved in coal, or 
collected in the turbine, can accomplish 
little, but on the other hand, energy, without 
direction by intelligence, is a blind force. 

It has been said that if only one sentence 
remained of his wTitings still Ruskin must 
be recorded as a prophet : the sentence is : 

There is no Wealth but Life, 

Through the intelligence exercised by man 
the infinite stores of energy can be utilized 
to attain almost any possible development. 
This is the world to which we are rapidly 
approaching, and it is surely for the scienti- 
fically minded to take their share in thinking 
out the implications of this new order of 
things, lest imperfect knowledge, spreading 
down to the proletariat of Marx, should 
prematurely light the fires of desperation, 
and the power, which might result in a full 
and happy life for all, should be short cir- 
cuited into a useless conflagration. 

It is of value therefore to consider how the 
coming civilization of plenty will deal with 
economic methods which are accepted in 
an age of scarcity, how the concepts of a 
static world must be modified to meet the 
problems of an essentially kinetic civilization. 

It is unfortunate that the scientifically 
minded are generally so busy Avith their own 
affairs that they have no time carefully to 
consider matters of possibly wider human 
interest, while those who really do control 
finance and politics, which directly affect the 
life of the ordinary citizen, are themselves 
largely “flat earth philosophers”, and have 
little conception of the real forces at AAmrk 
in the real world. 

It may be hoped that the efforts of the 
British Science Guild and the Parliamentary 
Science Committee under the guidance of 
Sir Albert How^a.rd may be the means of 
bringing some light into this political and 
financial darkness. 

In the remainder of this article an attempt 
wdll be made to visualize the implications of 
the concept of energy as applied to the pre- 
sent social economy. 

It will be necessary to consider its effect 
upon present ideas of Ca 2 )ital, of Interest and 
of Currency and afterwards, to determine 
how far mankind is ready to accept such a 
new point of view. Finally reference will 
be made to a suggested experimental method 
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for out these new concejjtions before 

the possible advent of a general revolution. 

CAriTx\L. 

Capital is obviously stored energy. The 
new born child at its mother’s breast exer- 
cises energy in securing its nutriment, and 
immediately has added to its wealth, viz-., 
its expectation of life. As time goes on its 
stored energy increases, until on reaching 
maturity it represents a serious asset to the 
community. It has been calculated that the 
worth of an American boy increases from 
9333 dollars at birth to 28,654 at the age of 
18. The value of an Indian cooly or even 
of an Indian student may not be as much 
as that but it must be considerable. What 
would be said of anyone who took bullion 
worth half a lakh of rupees and dropped it 
in the sea ! There might be diving opera- 
tions to recover it. But apparently little 
is thought of wasting millions of lives. 
Human sacrifice to the "'Great God Waste” 
would appear still to be practised. 

In the days of slavery owners were not 
so careless. Slaves at least were as well 
housed and fed by most of their masters 
as were horses and cattle. So much was 
this the case that in a circular sent out to 
the American banks in 1862 during the 
Civil War it was stated that "slavery is but 
the owning of labour and carries with it the 
care of the labourers, while the European 

plan is that capital shall control labour 

by controlling wages.” 

Actually as Henry George pointed out : 
“It is from the produce of labour, not from 
the advances of capital that wages come.” 

It is evident that the labourer brings to 
his work his accumulated capital, i.e., him- 
self. The moment lie drives his pick into 
the ground he has done die x dt of work 
and the sum of these units, or “quanta” 
of productive labour increases his capital by 
the value of such labour. Strictly he does 
not need money. He should require only 
to present a work certificate to receive the 
goods which he needs, to the equivalent 
value. 

Actually in the Indian countryside labour 
is largely paid in this way. A well-known 
Director of Agriculture once stated to the 
present writer that after twenty-five years 
experience of Indian agriculture, he could 
not yet state the cost of ploughing an acre 
of land. Labour then is capital and every 
man represents so mucli capital value. This 
is well understood in JSTepal, where, accord- 


ing to report, careful record is kept of every 
individual born, each of whom is regarded 
as a potential asset. This brings to mind 
the famous statement in the “Protocols of 
the Learned Elders of Zion,”* 

“Yon are awaro 1hat the .a'old Ftandard lias 
been tlie ruin of the States wiiir-h adopted it, for 
it has nob been able to satisfy the demands for 
money, the more so that we liave removed 
gold from circulation as far as pos.sible. With 
us the standard tliat must be introduced is the 
cost of working man power, vvhethei* it be reckoned 
in paper or in wood. We siiall make the issue of 
money in accorflance with the normal require- 
ments of each subject adding to tlie quantity with 
every birtii and subtracting \^ ith every death, ” 

Human beings then constitute a large por- 
tion of the capital of the State, perhaps 
indeed the only real capital, since without 
inhabitants there is no real wealth. 

Given human inhabitants capital at once 
increases, and enormously so with increase 
of intelligence. A Luther Burbank requires 
a much smaller area of land for comfortable 
subsistence than a simple ryot. Intelligence 
therefore is valuable capital, but its exercise 
dexiends under present life conditions on 
adequate food supply. Here comes in 
the inter-play of sun and labour and life. 
Again gold, or money based on gold, has little 
real connection with the matter. 

I From intelligence arises the ynacMne and 
the application of 2 ) 0 'wer, and again potential 
! capital is indefinitely increased. Ultimately 
all this capital comes as we have seen from 
the sun, and the life force in the growing 
plant. Gold and speculation would seem to 
have little to do with the accumulation of 
real capital. Speculation without industry 
adds nothing to real wealth, it merely trans- 
fers existing wealth from one place to another. 

Modern science, then, takes us a step be- 
yond Adam Smith or Henry George, and 
reveals capital as being ultimately neither 
labour nor land but Energy. 

^ikin to capital is credit. The basis of 
credit will vary according to our concept of 
capital. Tliis again varies as has been said, 
according to the level of perception reached 
at a given time and place. From a recent 
conversation with an experienced Scotch 
banker during a train journey, it wmuld 

* In this connection it may be stated that it is of 
small moment whether the “Protocols” are a real 
document or a forgery. Men are ultimately moved by 
ideas rather than by persons. The ideas there ex- 
pressed are evidently held by certain people in the 
world and the results are apparent in the recent 
international situation in regard to gold. By "going 
off gold” England escaped the threatened disaster. 
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seem that, as in the case of the Incas and 
the Spaniards, the perception level has 
tended to be lower in recent years than in 
more primitive times. In his early days, 
this informant related, in the little Scotch 
bank in which he served, the only securities 
or valuables committed to the bank’s care 
were such items as old Mr. Macpherson’s will 
or Mrs. Mackay’s jewels. ITow the safe is 
filled to bursting with “collateral” in the 
shape of bonds and shares of various descrip - 
tions. In the old days personal character 
was the chief basis of credit, ic., the belief 
in the honest activity of the individual. 

Similarly in China. The simple “can do” 
of the Chinese merchant was at one time 
sufificient security without witness. A new 
comer, a young branch manager, lost a 
valuable client, and nearly his own job, 
through asking for signature and witness 
from a merchant of the old school w^ho had 
come to make a deal for “luck” wdth the 
new incumbent. 

nowadays a signature and two witnesses 
are necessary. 

Banking as another bank manager once 
remarked is now little more than pawm- 
broking — “Gif me ze votch and I gif you 
ze money.” 

A constant problem to many is why banks 
flourish and men decay. As a character in 
a recent novel by J. B. Priestley exclaims : — 
“Let’s have some marble engineering works 
and gold-plated shipyards. And we’ll have 
a dole for bankers, and see if we can’t give 
’em a bit more than they give us.” 

The coal mines and factories of Stinnes 
and Kreuger still function usefully, though 
the millions of their speculative gains have 
vanished. Stinnes, however, was a true 
internationalist. He believed that minerals, 
wherever taken from the earth, should be 
taxed for the benefit of tlie world, his idea 
being to hand over these funds to the League 
of IsTations, or other international body for 
distribution to those countries requiring 
development. By such means also a glut 
of foodstuifs or other commodities in one 
part of the world and scarcity in another 
could be rectified. He mentioned, as an 
example, that a tax of one dollar per ton 
on all the coal of the w^orld would furnish 
a fund of ,000,000,000. 

Coal is itself stored solar energy. Other 
minerals are won by expenditure of labour, 
dependent as has been said on sun-raised 
food. 


Reference has already been made to the 
stored solar energy of impounding reservoirs 
and growing crops. 

Capital then is energy^ credit is honesty. 

Interest. 

It is becoming increasingly realised that 
religion reaches by intuition to facts and 
principles which are afterwards verified by 
the intellect. Such intuition indeed is not 
confined to what is commonly thought of 
as religious perception. Chemists wull re- 
collect the story of the discovery of the law 
of the linking of atoms, how Kekule, medi- 
tating in a half dream consciousness, saw 
in his mind’s eye the dancing atoms which 
suddenly seemed to link up, some in chains 
and some in rings, and how he spent the 
rest of the night working out the results of 
this vision. Later, when he was describing 
the experience in his address at a celebra- 
tion held in his honour, he said in effect, 
“Let us learn to dream, but let us verify 
our dreams by our waking thoughts.” 

The question of the payment of interest 
on monetary loans has been the subject 
of pronouncement by the leaders of religion 
in the past, as it has again come into the 
foreground of religious discussion in the 
present. 

The subject frequently recurs in the 
writings of the Fathers of the early Christian 
Church. They in fact seem to have depre- 
cated the very idea of private possession, 
thus Clement of Eome writes, ‘Ht is unjust 
for each to speak of what is his and it is 
from that that comes division among men.” 

Ambrose of Milan writes, “Private pro- 
perty is an obstacle in the way of confidence 
and love.” 

It is well known that usury is strongly 
condemned in the Quran. “The Quran 
draws a distinction between trading and 
usury. In trade the capitalist takes the 
risk of loss along with the hope of profit, 
but in lending money on usury the whole 
of the loss is suffered by the. man who uses 
his labour, whilst the capitalist may count 
upon his profit even in the case of loss in 
the actual concern.” {Extract from Com- 
mentary.) 

Here may be seen very clearly one reason 
why industry cannot flourish in India 
when it is so much easier to lend money in 
the bazaar at high rates of interest, which 
interest entails no actual labour on the 
lender’s part, than to sweat blood in building 
up an industry yielding perhaps 10 per 
cent. 
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In a note entitled “The India White 
Paper and the Co-operative Movement,” 
Sir Daniel Hamilton quotes Adam Smith as 
follows : — 

In Bengal money is frequently lent to the 
farmers at forty, fifty or sixty per cent, interest, 
and the succeeding crop is mortgaged for the 
payment.” 

Sir Daniel gives a table of money-lenders’ 
present , rates in 25 districts of Bengal. 
Only in one ease are they as low as .10 
per cent., in nine cases they are over 100 
per cent., in one ease reaching 300 per 
cent. 

Put into terms of energy, loaned capital 
may represent water pumped by the lender 
into a tank. If he lends that water to a 
cultivator, .he is entitled to the return of 
what he has lent, or its value at the time he 
lent it, but the additional value which may 
arise through the use of the water to drive 
a turbine or irrigate a crop, is due to the 
efforts of the borrower or from these efforts 
jplus solar energy, and with all this the 
lender has nothing to do. 

It is true that he may hold up the supjjly 
of -water in order to get more for it, but this 
is not business but exploitation. It becomes 
impossible when there is ample rain or river 
water available, which is what will happen 
in the new economic system, when all 
sources of energy are fully utilized. 

Under present conditions, moreover, if 
the borrower strives to pump back vrater 
into the tank he finds that the tank conti- 
nually leaks and his task becomes hopeless 
for the tank can never be filled. There are 
apt to be a number of leaks in the tank 
but the most constant and serious is 
interest. 

It is quite obvious that the continual 
increments of interest which accrue on a 
sum originally lent by the individual, cannot 
possibly have any relation to his own 
efforts. 

Quoting again from the “Protocols”, 
speaking of Government Loans : — 

If the loan bears a charge of 5 per cent, then 
in twenty yeais the State vainly pays away in 
interest a sum equal to the loan borrow^ed, in forty 
years it is paying a double sum, in sixty treble 
and all the while the debt remains an unpaid 
debt.” ^ 

A striking example of debt increase is 
given in Walter Jones’ “Capital and Labour” 
(P. S. King & Son).* To emphasise the 

^ Incidentally it may be mentioned that the present 
writer became acquainted with the late Mr. Walter 


difference between earning and investing 
the author states that if Judas Iscariot had 
started 1,900 years ago, and put aside £10 
per Aveek, he wnuld not have been a million- 
aire to-day : 

52 weeks x 10 x 1,900 - £988,000. 

If instead of earning, he had invested one 
penny only at 5 per cent, compound interest, 
it would during the same period have ac- 
cumulated to eight sextillions of pounds, 
approximately: 

£8,000000.000000 000000,000000,000000,000000 
and, incredible as it may appear, it wnuld 
require 3,000,000,000 globes of solid gold the 
size of this earth to pay him in cash. 

It is not difficult to see, in the light of 
such an illustration as this, why the whole of 
the world under the present system of loans 
on interest finds itself slave to the banker, 
and the only outcome must be war or 
repudiation. 

There was wisdom in the idea of the 
Sabbatical and Jubilee years of the ancient 
Jews. (Leviticus XXY) 

Walter Jones draws attention to the heavy 
burdens laid on town and city ratepa^^ers by 
unrestricted long-term borrowing and urges 
that the annual redemption of principal 
should in no case be less than the annual 
charge for interest. 

The present writer finds satisfaction in 
the recollection that he was able to induce 
the Pinance Department of the Manchester 
Corporation to set aside large sums in advance 
for the prospective renewal of the sewage 
filter beds, though a modification of the 
financial bye-la^ws was necessitated. By this 
means interest charges were avoided and the 
operation had only to be paid for once. It 
may be argued tliat this wns a recurring 
operation and was not, properly speaking, a 
capital expenditure. There would seem to 
be no reason wlij so-called cai}ital expendi- 
ture should not always be paid in advance 
in this w^ay and thus the perpetual and 
eternal burden of debt be avoided. The 
fact that among certain religious bodies a 


Jones in the early days of the Activated Sludge pro- 
cess, and it w^as the engineering ability of Mr. Jones 
and his staff of the firm of Messrs. Jones & Attwood, 
which made the process . a practical success. The 
presentation copy of Mr. Jones’ book “Capital and 
Labour” helped to re-awaken in the mind of the pre- 
sent writer old enthusiasms due to' youthful studies 
of Herbert Spencer, Ruskin, Henry George and 
others- 
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or biiildino' ri8(‘<] for relii:>’ious purposes, 
is iHii ;tllo\v(‘(! to l)o dedicated until free from 
(i(d)t, shows aii'U/iii tliat. t}i<^ reli£*‘ious instinct 
is a.i'ainst (daiins of usury. Oases luiglit 
b(‘ nuMit ioii(‘<l wlna'e buiidin^: operations 
stopjKMl ratlua* than allowed to proceed 
in th(‘ abs(ai(*n of funds actually in hand. 

Oor 1(H) y(^ars tlie island of Guernsey has 
issued its own sptudal notes wduch are leg*al 
tendin' in the (‘orninunity. For projects 
siudi as a: Invrbour and marketplace, con- 
t ra.id.ors w<n*(‘ paid lu tluvse notes, which were 
a.lt(‘rwards r(‘d(Mnned by the earning’s of the 
projinds in^ (pa^stlon. Here tlie community 
}>()n*ow(‘d from itsidf, there was no cpiestion 
of intin'i'st., aiud consequently no permanent 
<li‘bt. 

ddiis brin^^s us to the famous case (, f Worgl 
in th<‘ Austria, n Tyrol where not only was 
no intin’(‘sl, alloweii on the money required 
for pubru* purpos(‘S, but if hoard(d it lost 
int,in‘(‘st month by month. 

In Wdrg'l the “Xatural Economic Ord(u*’' 
of Sih'io G(‘s(dl found its a])plicatioii. Gesell 
pointtMl out. that while gold was practically 
in(l<‘st ru(*t ible th(‘ goods purchased by gold 
snff(n’(‘d d<d,<n*i()ra.ti()U in (bourse of time. 
hMms ‘‘momy” value expressed in gold did 
not k<nq) st(q) with the real A^alue of com- 
modities. E(d. money depreciate 'pari -passu 
with commodities and there would be no 
indiK'imumt to hoard rather than to sj^end. 
d'lius would r(‘sult what is practically ‘'free 
in<)n(‘y'b 

VViirgl snlTered from stagnation and un- 
<mii)loym(‘nt.. The Burgomaster, a disciple 
of G(‘S(dl, (l(‘cided to transform Austrian 
inoiuy into G(‘sellian money. Starting with 
thirty-two thousand schellings of ordinary 
Aust rian mom^y d(q)osit(‘d in a savings bank, 
bonds of I, b and 10 schellings were put 
in (diauilation called “Labour Bonds”. They 
lost. 1 1 KU‘ cent, of their value every month 
unhvss pa.id into the Municipal Treasury or 
into t.h<‘. savings bank. Tliis negative interest 
foi'ced th(‘. money to circulate freely ; hoard- 
ing was discouraged but saving was not 
pr(‘V(uit.(‘d since the money which returned 
t.o t.h(‘ savings bank remained intact. The 
]itt.l(‘ t.own became wonderfully prosperous, 
t,a.x(‘s W(‘re paid in advance, good roads and 
]>uildings were provided and everyone was 
luippy and content until the movement 
si)r(‘ad to other towns and the bankers be 
(va,nu‘ alarmed at this encroachment on their 
prerogUitive of i.ssuing money, and brought 
an a-ction against the Municipality. The 
I)resent state of things in this and other 
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Austrian towns is unknown to the writer. 
It would seem po,ssible that the savage 
persecution of the Socialists in iVustria prior 
to the murder of Bollfuss is not unrelated to 
this snccessfnl application of the theories 
of Silvio Gesell and the consequent panic 
among the bankers. 

The same idea of negative interest enters 
into the plan of Dr. Townsend in the U.S.A. 
wlio proposes tliat everyone over the age of 
sixty shall receive a pension of 200 dollars 
per mensem on tlie condition tha.t this amount 
is spent every month and not hoarded. 

It is stated by tlie Chnstian Science Monitor 
that during his examination before the 
Ways and Means Committee of Congress, 
“he brought a laugh vdien he said ‘ I am not 
an economist myself, for which millions of 
Americans have given thanks’. But he 
went on himself, nnsmiling.” 

The secret of his plan is again the enormoiivS 
increase of consnming power effected by the 
more rapid circnlation of stored energy ; 
the kinetic as against the static conception 
of things. 

Bent is akin to interest. Anyone who 
builds a house is entitled to the equivalent 
of the expenditure of energy employed upon 
it, plus any further work concerned witli 
its maintenance. If the tenant does the 
repairs the rimt will naturally be less. When 
the tenant has paid the value of the house 
in rent instalments the honsc should become 
his proi^erty. In the meanwhile the owner 
retains the house as security for a loan if 
he needs it, up to the unpaid value of the 
house. This is the reverse of borrowing 
money on an increasingly valuable security 
such as an insurance surrender value. 

Land as Henry George so clearly saw is 
in a dilterent category from buildings. 
Land like air and water and sunshine is a 
common heritage of mankind. It is what 
he termed a “factor of production”. To 
hold land in expectation of its increasing 
value through the expenditure of energy by 
others is plainly exploitation. The extent 
to which the public has been robbed in this 
way in the early days of railways and of 
growing cities make the exploits of Robin 
Hood and highwaymen of later date^ seem 
like nursery games. Gangsterdom is no 
new phenomenon in the United States. 
The land speculator takes toll of every drop 
of water in the reservoir of wealth, throngh 
owning the land on which, as it were, the 
outlet sluices are placed. 


CURRENT SCIENCE 


[May 193S 


Vlll 


It is these tilings vvliieh caused Mussolini 
to exclaim: ''I am for those who seek to 
make technique perfect in order to dominate 
elements and give to men more sure footing 
for the future. I do not respect I even hate 
those men that leech a tenth of the riches 
produced by others.” 

Some excuse may be admitted for the 
rather violent tone of the last sentence, 
since he is there concerned with the real 
enemies of his country. It is a pity that 
on the other hand he should by his mili- 
taristic propaganda influence little children 
to regard as enemies those who, in a better 
world, would only wish to be their friends. 

Among the 25 points of the National 
Socialist German Workers Party are the 
followdng as given in Hitler’s autobiography, 
'‘Abolition of income unearned by work. 
No speculation in land. Death penalty for 
usurers and profiteers.” 

From the Williamsburg Bridge in Greater 
New York can be seen the whole skyline of 
Manhattan. Every day it is different they 
say, as new buildings rise and the old are 
pulled down. Gazing on this scene of 
pulsating life, the “Fire Magic” of “Die 
Valkyrie” echoes in memory. The land- 
speculator is no Siegfried that he should 
control these leaping flames of energy. 

Currency. 

The subject of currency as viewed under 
the Energy concept has already been dealt 
with tentatively in an article by the present 
wuiter entitled^Chemistry and Currency” imh- 
lished in Otirrent Scienee^ Vol. I, No. 2, 1932. 
An accountancy unit was suggested called the 
EEN, being the daily Nitrogen ration of 
an adult human being together witli its 
equivalent energy. This nitrogen ration, 
consumed as protein in various forms, such 
as meat, fish, milk, curd, peas or beans, may 
be taken without serious error as 10 grams 
and the corresponding energy liberated as 
it passes through the human system as 300 
calories. This suggestion was first published 
in Capital on March 3rd, 1932, quite without 
knowledge of similar trends of thought in 
the wTitings of Professor Soddy of Oxford, 
of H. G. Wells and of Sir Daniel Hamilton, 
whom the writer had the pleasure of meeting 
shortly afterwards. An attempt to bring 
the idea before the Notary Club of Calcutta 
met with little response, in fact with some 
amount of ridicule. Nevertheless it was 
subsequently learned as already mentioned, 
that the basic idea had been in operation 
for 25 years at the Victoria Falls and Trans- 


vaal Power Company, and that the Techno- 
crats in the United States proposed to base 
their accountancy unit on the kilowatt hour. 
Actually every engineering concern w^orks 
out its costs largely on Man-hour consump- 
tion. 

Subsequently, in the discussion in the 
Gharha^ the organ of Calcutta Notary, the 
following diagram of the ENN was published 
and it may serve to make clear the basic 
idea of this unit of currency. 
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The ENN is really a unit of Wealth since it 

represents the two fundamental factors of 

production to use the term employed by 
Henry George. He considered land, labour 
and capital as the three factors of production, 
but later spoke of them as tw'o, viz., natural 
substances and human exertion — wdrich twn 
factors by their union ijroduce all wu^alth. 
We have seen that the more modern concep- 
tion of the two factors of production w''ould 
be food (or Nitrogen the most constant 
element in food) and energy. Thus accord- 
ing to the foregoing diagram, the calories, or 
equivalent energy units, produced by a 
high-powered machine, operated by one man, 
W’'ould extend vertically to an indefinite 
height. No one could argue that the one 
man himself produced all that energy or that 
he could lay claim to its resultant “goods” 
on that account. Still less, howxwer, could 
there be a claim to such energy simply on 
account of certain payment in money 
by individuals who have no other claim to 
its possession. The origin of the machine 
indeed lies deep in the past of the race and 
is the outcome of the work and inventive 
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thoiiglit of countless minds. There can be 
no inherent possessive right to the machine 
any more than to the enhanced ground rents 
in Manliattan created out of the labour and 
thought of the myriad sojourners on tliat 
island. 

On the otlier hand if the Xitrogen side of 
the EElsT diagram is extended we liave a 
representation of the value of the crop sown 
or cultivated by one man but grown with 
the assistance of sun and air. 

Further we have the vast reservoir of 
F'itrogen, contained in human, animal and 
vegetable nitrogenous waste material, or 
recoverable from the atmosphere by the 
activities of the nitrogen fixing bacteria. 

In an article entitled ''Scavengers All” in 
the Harijan for March 15th, 1935, Mahatma 
Gandlii quotes with a])proval the data 
collected by the present writer, according 
to which the human excreta at present worse 
than Avasted in India, represent if Avisely used 
an annual gain of 60 crores of rupees to the 
country. 

We find indeed that all real Avealth is in 
fact the natural inheritance of all who Avill 
Avork in co-operation with the forces of 
nature and their fellowmen to produce it. 
Money is not Avealth, it is only a claim to 
wealth through the performance of labour. 

It may here again be empha>sised that pay- 
naent in EEIjIS does not mean equal payment 
for all, nor that the value of any piece of 
work depends on the physical energy expend- 
ed in its execution. 

The ER]Sr is a measure of ivealth in the 
sense that an inch is a measure of length or 
a pint a measure of capacity. 

Payment in EEISTS means, however, that 
the rcAvard of labour A\hatever it may be, 
is not dependent on the scarcity of a metal, 
or the whim of a banker. 

As stated earlier the idea of an energy 
unit as a basis of accountancy is not new and 
will almost certainly in some form be adopted 
in the new world to which many are looking- 
forward. The advantage of the EEiST lies 
in the combination of the two factors, food 
and energy, so that it can serve as a measure 
both of the mechanical and agricultural 
Avealth of a countrj^ Thus in the Can very 
Falls the Mysore GoAmrnmeht has an unfail- 
ing source of energy units, every 300 calories 
of AA'hich is equal to one EEIST : in its fields is 
produced so much protein Mtrogen, every 
10 grams of Avhich is equal to one EEN. 

It cannot be sufficiently emphasized that 
the coming of the telegraph, the aeroplane 


and the radio, and now on the horizon, 
television, has caused the Avorld to close up 
its boundaries to an indefinite extent ; it 
is easier to communicate between Bombay 
and London than it Avas between London and 
Edinburgh less than a hundred years ago. 
All the A^ast tangle of national currencies as 
Avell as Aveights and measures must inevitably 
disappear Avith the groAvth of intelligence. 
Even before this ancient clutter is discarded 
some form of international currency Avill 
become imperative. Tlie writer Avas im- 
pressed, e.g.^ with, the fact that in traAudling 
from Madras to Shanghai A\dthout at any 
point leaving British territory, it Avas neces- 
sary to change liis money about half a dozen 
times. A certain type of individual in 
Shanghai manages to maintain existence 
by buying and selling currency according to 
the reports of the tape machines. 

In this connection the effect of climate on 
industrial development should not be for- 
gotten. It is very strikingly shoAvn on a 
maj) given on page 125 of Lord Melchett’s 
Modern Money. A quaint philosopher’s one 
reply to all suggestions for reform in India 
AA^as : "You must alter the path of the Sun.” 
No one would deny that much can be done 
to modify the effects of climate, but as a 
general i)roposition, climatic differences are 
likely to control the economic situation for a 
considerable time to come and therefore 
an international currency Avhich is equally 
useful both in an industrially developed 
country and among a more agricultural 
X^opulation, has manifest advantages. 

A word may be said here with regard to an 
objection Avhicli has occasionally been Amiced, 
namely, that with the issue of EEN notes it 
Avould be difficult to aAmid inflation. On the 
contrary, the issue of notes of this kind 
AA'-Quld probably be always far beliind their 
potential backing in real Avealth, since though 
it is not easy to make a complete assessment 
of a country’s potential Avealth, it can be 
arranged Avithout difficulty that the EKF 
issue shall not exceed a certain proportion of 
the ascertainable assessment. 

The mere indiscriminate xuinting of so- 
called money as Avas done in Germany is 
now realised to have been an act of lunacy 
AAdiich is not likely to be rej^eated. 

Possibilities of Change. 

It is now to consider hoAv far the state of 
consciousness of the Avorld is ready to accept 
the ideas set out in the foregoing thesis and 
in the many similar Avritings on which it is 
based. 
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The main hindrance to acceptance of sncli 
views is tlie need, which becomes apparent 
at once on a study of the sitnation, for the 
elimination of the Profit Motive in industry. 
]!To less an authority than Sir Josiah Stamp 
states that the "mainspring of all individual 
enterprises is the getting of profits. ” There 
are very serious grounds for disagreeing 
with him. To begin with the Avhole of Soviet 
Eussia carries on without the profit motive as 
commonly understood : emulation, yes ; in- 
creased remuneration for good work done, 
yes, but that is nothing more than occurs in 
every reputable Civil Service whose members 
would be indignant if accused of working 
simply for money. 

The whole training of youth in Eussia is 
against the very idea of profit making. 
A young Eussian lad was asked, ‘If a man 
buys 6 dozen apples at 18 kopeks a dozen 
and sells them at 36 kopeks a dozen what 
does he get ? ’ The boy’s answer was 
"'A jail sentence.” 

The rise of the Eotary Club movement 
with its motto '‘Service before Self” is 
certainly significant. Many of the greatest 
business or even capitalist leaders such as 
Henry Eord can rightly accept this motto 
since their object is not personal possession 
but service to the community. 

Eumour stated that the personal expenses 
of Cecil Ehodes did not exceed £600 a year. 

It is the evil lust of j^ersonal possession 
that is the enemy which has to be fought. 
M. P. Willcoeks writes : — 

“ The passion to possess, though it is judged 
now by many to be the very tap-root of misery 
and wrong, has only^ recently come into tiie zone of 
conscious thought because its woildwide sway ns 
a motive has only recently been recognized.” 

Soanies Forsyte in fiction and Pierpont 
Morgan in real life are typical examplc.s of the 
"possessive” complex. Both had a fine 
taste in art and also for the market value of 
the objects of tlieir desire. With Soames 
Forsyte his claim to possession extended to 
the person of his wife. Pierpont Morgan 
is reported to have said, "I can buy any 
‘scientific’ man for 500 dollars and rnake 
half a million out of what he teUs me.” 
Already, how^ever, the number of Soames 
Forsytes in the wmrld is rapidly decreasing, 
and the reimtation of Wall Street has recently 
been sadly blown upon. 

To use the word employed by Professor 
Miles Walker, a eudcemonistie sj^irit is now 
widely manifested. Professor Miles Walker 


states that this eiidfemonistic quality is very 
often found in engineers and scientists : — 

A man has this cpiality when he throws tlio 
wliole of liis energies into tlie cariying out of 
sound, practical and beneficent projects for 
the sake of tliose projects themselves cand not 
primarily from selfisli motives or in pursuance of 
some irrational pi^ejudice. ” 

The chief desire of such men is to live and 
not to be continuously pre-occupied wdth the 
means of living. With more and more of 
these men in the world, the selbsli quarrels 
of politicians and fomentors of racial anti- 
pathies, with all such wastes of human 
energy, wdll disappear like the clamour of 
a bad dream which has overpassed. In the 
meanwhile what practical steps can projicrly 
he taken ? 

Steps towards Eeconstruction. 

In the first place without doubt a deter- 
mined effort must be made to lift the burden 
of interest, the grasp of the dead hand, from 
the coming generations. 

That such a step is possible, even in a 
conservative eastern country, is shown by 
the case of Siam where the philosophy of the 
gentle Gautama forbade violence but also 
insisted upon justice. In eonsequomce the 
Government stepped in and ^ 

enabling the farmers of every village 
community to form themselves into a 
Co-operative Society that WDuld ado|)t aud 
become collectively responsible for the debts 
of each individual member. Any society, 
once formed, could approach a bank 
(guaranteed by the King) for a loan sufficient 
to pay off all the money-lenders operating 
in that district. The Society has to jmy 
6 per cent, interest for this accommodation 
to the bank ; and it is allowed to charge 
12 per cent, to its members. It may thus 
amass in course of time a balance fcj’ the 
liquidation of its indebtedness to the bank 
and to provide capital for the acquisition 
of modern agricultural implements. It is 
calculated that after a i3eriod of not more 
than 25 years the rice cultivators of Siam 
will not owe a tical to the foreign usurers 
and then it will be possible without offending 
Buddha to banish every money-lender from 
the country. 

The rednctioii of interest on British or 
British Indian Government Loans is already 
rapidly taking place as can be verified 
in the experience of the majority of people. 
That this presses hardly on the "rentier” 
cannot be denied, but in time such a class will 
diminish, possibly even in France. It must 
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h(‘ r(Mn<‘iul)(M‘(Ml tliat witli reduction of interest 
ihi^rc must' a.Lso a reduction in Income-Tax 
so t luit. Mi(* net, eftVct is not so serious as it 
nu.u'ht' 

In tin* coinino- time moreover there will 
(‘xist fail* ‘"old” peo])le who are merely 

sjxmdine: 1 ludr time. Increase of life will mean 
in(*r<‘a.s{‘ of vvaailth sufficient to support such 
peop]<» in a. Imppy bright existence very 
dinin'mit' fr(nn wliat is now often their lot. 

It. should no longer be possible to plead 
la.ck of m<)iu\Y for not proceeding with ''nation 
buihling” a.<‘tivities *, where men and ma- 
t (‘rials (‘xist , there is also wealth. 

Alr(‘a.dy Sir Montague Webb has put aside 
for tlu‘ tim(‘ his strenuous advocacy of an 
in<‘r(‘a.s(‘ in silver currency and at a public 
nuMdlng in Karachi, presided over by the 
Ma,y()r, ];)r()[)oses the issue of "Service l^otes” 
whicdi would circulate like ordinary currency, 
to rals<‘ funds for a water supply scheme for 
Kaa*a.chi (‘stiniated to cost Es. 1,50,00,000. 
Sii* Moid.ague cpioted the case of the Guernsey 
imirket. mentioned earlier in the present 
pa.p(n‘. lie very properly stresses the point 
thah his sdieme would have to be pushed 
with grcuii x)ersistence and determination 
a.s it', would be opposed from all sides, more 
particudarly by the money-lending classes. 

Ther(^ have been many suggestions for 
(‘X{)orim(‘ntial colonies to try out some of the 
id(^as adumbrated in the foregoing pages. 

In Burnaby, British Columbia, the "Army 
of the Common Good’’ has set about organ- 
izing a life where xmoduction shall be for use 
and money shall be a system only of Labour 
Notes sufficient to exchange mutual services. 

(hiptain Petavel in India has for long 
a.(Iv<)cat(‘d Educational Colonies where youth 
sliould earn while learning. 

Lt.-Col. IL. Jarrett-Kerr as Eepresentative 
of the Enral Eeconstruction League of India 
wi'ites of a Co-operative Commonwealth 
wlu‘rc there would be no hoarding or corner- 
ing the medium of exchange and where there 
would b('. equal distribution of commodities 
and s<'T vices. 

Professor Miles Walker writes to a member 
of the staff of the Indian Institute of Science 
urging an experiment to be carried out by 
volunl.ecuvs, the main thing differentiating 
the experimenters from the rest of the peoide 
being their type of money designed to bring 
aboiit a free circulation of all commodities 
manufactured by the community. ^ This 
community would trade as a whole with the 
outside world, just as India now trades 


with a foreign country for things they cannot 
produce themselves.” 

Some months ago a sketch of such a 
project was submitted to the present writer 
according to which a number of young 
educated Indians were to start some kind of 
Industrial Colony on their own, which would 
begin by borro\vLng capital at 5 per cent, 
interest. It was pointed out that such a 
suggestion must necessarily wreck the scheme 
at the outset, since there were very few 
industries which could i^ay a steady 5 per cent, 
in addition to necessary expenses of labour 
and material, when averaged over the period 
of inception and full running, and that 
the only result would be that the young 
X)ioneers would begin their existence as slaves 
to the money-lender. It was ijointed out 
that they themselves were Capital with their 
combined ability and education. It was 
impressed upon them further that all living 
things grow from seed and that without 
this element of life amongst them, nothing 
could ultimately develop, with it all things 
were possible. The case of Hemy Ford 
himself who started as a motor mechanic 
was quoted, and the history cited of his 
famous encounter with the bankers who in 
time of crisis came as friendly spiders offering 
the shelter of their "parlour” to him, the 
innocent fly. 

The only sound method for beginning an 
industrial colony of this sort must be for the 
members each to contribute what httle they 
have, like the citizens of Worgl, and then to 
circulate that deposit in the form of "Work 
Tokens” for the energy which would find 
its first outlet, may be, in tiUing the ground 
or building a shack, out of which one day 
would emerge the industrial village, or even 
the industrial city. Their real capital 
would be their knowledge, their i3hysical 
energy and their character. 

Sir" Daniel Hamilton has successfully 
launched a Co-operative Colony on his 
Gosaba estate in the Sunderbans, Bengal. 

His scheme includes the following pro- 
posals : — ^ 1 ^ 

1. That the Government of India lends 
say Es. 1,50,000 for the establishment 
of a Bolpur-Gosaba Training Institute for 
co-operative workers. 

2. That the Government of Bengal place 
at his disposal a block of land in the bunder- 
bans for the purpose of creating an estate 
of say 10,000 acres, to be worked on co- 
operative lines, which estate wih remam 

, the property of the Government of Bengal. 
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;■). 'IMuii 1 h(‘ i l(>vi‘rnin(‘ni India, Icaals 
1h(^ nn)iu\v n‘(juir(Hi lor t ho (l(‘\Tl()|)nu‘nt 
of iho say a, bout lbs. 

ir(‘ s^a.^(^s (ho (iU(‘s{ion of iinaucial 

slriniJ.‘(‘n(*y (1 <k‘s not' aiaso auS llu^ 
tx^jiiiiH'd Tor tii(‘ s(dHMn(\s thus oiilliiUMl (Io(‘s 
not oost (dl hor I lu^ (loxaaainuad. of In<lia, or 
the (ioN’(‘rnnuMd. of Ii(aii>‘a,l a.nylhinu', (,1 h‘ 
(*r(‘(lit, r(HHiir(‘(i is found not, by borrowing' 
or ])y 1,a,xa{ ion, bid, by inoiud izin.u’ (,h(‘ brarin- 
|)o\v(‘r of 1 lu‘ I »ha,dra,lok and lh(‘ Inind powin* 
of l,h(‘ [K‘(){)1(‘. 

Sir I)a,ni(d l)a.s(\s his |)oIi(*y on t-h(‘ pra(‘.t.i(‘(‘ 
\vhi('h ol)1,a,in(Ml in old da.ys in S('ol,la,nd 
wluni ba,nks issiual Muni* own nolass a, ml visimI 
tluan 1.0 lina,niM‘ yoiiiii*' nuni of known ant(‘(*(‘- 
diMits a.nd i‘‘ood (*ha.ra.(‘i,(n‘. It, \va,s in I, his 
way lliai, thi^ fonmhdion wa,s laid of I, ho 
ayrioultural prosi>iM.‘it,y of SiaillamL 

11, inaiy lHManna,rko(l Mnit a-11 i,h(‘S(‘ s<dioinos 
liavo sonio ana,loi;’y wil.li tho ( 'O-opcn’alivo 
Wholosalo. S()(d(d,y whosc‘ op(‘ralions arc 
now on a vi^ry la.ra,’o s(*a,l(‘. It luaiy W doiibt,(‘(l, 
]io\v(‘V(n*, wlud.lun' tlu^ (iiusstions of tnom‘y a.n<l 
intor(‘st lia,v(‘ b(‘on fully ihon^'ht out by tho 
nunnbcn’s of this So('i(‘l,y. In th(‘ ooninunuty 
(‘nvisa,]L’’(Ml ])y those who a,r(‘ (*on(,i‘ollod by 
th<‘ o.onc'.opt of Eiun’i^y, c‘V(‘ry workin* a.t tin' 
(Mid or Ids daily task will simply r(‘(|niro to 
liav(‘ his workslu‘(‘t si.i>’iUMl by soni(‘ rc'sponsi- 
bl(‘ individual w'hon h(‘. would .i;<) l,o an o(lio.(‘. 
(dtlior of i'ho spo(*ia,l o.onunuiid.y, or, lal.iM' 
on, to tho State, wIhmi t,h(‘ idc^a. b(‘e.onu\s 
univcM’sailizcMl, aiiid obtain tlu' jiropm’ o(|uiva- 
l(Mit in hjltiSlS to l)e i'X(dia,ni»’(Ml for <^oods in 
payment for his completed ta,sk- It may 
i)o antieipuitod that i,lu‘S(' llKi.NvS, if nnsp(‘nt, 
will only ma.intain their vailiu^ lik<‘ t,lu.‘, 
Woiyl ''Work Bonds” for a, d(hinit,(‘ jx'riod, 
a, ft, or whi(di they will los(‘ intivn^st st(Mi,dily, 
iinl(\ss put into t,h(‘ Static or (hmnnnni(-y 
Savini>‘s Bank, wh(‘r(‘ t-h(\y will not, (‘a.m 
interc'st Init will remain a,va,ihd)le for spend- 
in^^ at some otlun* t,inu‘. 

Ih'ofessor Mil(\s VVa,lk(‘.r ri<>'ht,ly st.a,t,(‘.s that 
t]i(‘ nuh.hod of th(‘ s(‘i(Md,dio. man or |,he< 
(Mi^’iiKMM* is to nia,k(‘ t ria,! by (‘xpiMlnuMd, of 
tho new ideas whidi ha,v(‘ (M)im‘ to lum in th(‘. 
course of his 1,hinkin.<>‘. The t.roubh^ about 
many of tluvsi* ('xperinuMd'.s in tlie past has 
b(MMi that tho. i>'ov(M*nin.i»- e.onditions of sn(U‘.oss 
have not bocm fully nnderst-ood or sutfu‘.ie.nt,ly 
explored. Wii,h a,ll tlu' r(‘.sonr(a*.s of modern 
sdence and tlu^ freiHlom of nuxhn-n thon^ht 
these hindraiuMss t.o sikwm'ss Blionld be 
recognized and dcMilt with at tlu.^ outset. 
Freedom of thought is [lerha-ps tho most 
essential need before any xisef ul social experi- 


nuMda-tion ean b(‘ pnt in hand. If is st ranee 
how lew a,r<‘ riMilly freiv TIh‘ man of seimiet', 
knowing tlnd (wi('c‘ 2 rmnains 1, no( only 
sonu‘tinu‘s but all tin* 1 inu‘, should bt* uu- 
a,rf(‘(*t,(‘d })\' th<‘ I aunt (d' mllHM’tmoi* to any 
“ism”, poliliea.l or o(*onomio. Ho is niendy 
(•onc(M‘n(‘d wilh Mn‘ tiadli of I lungs. s\ hie}i, 
in t,h<‘ (Mid, must nia,k(‘ iikmi frcM*. In tho 
a,tmosph(M‘(‘ of Irm^ siMtMdilio lliougiil 
|,h(M‘(‘ (*a,n b(‘ no room for prejiidi(‘os or seliish 
f(‘a,rs, nor, it ina.y b(‘ addiMl, for sollish aiubi™ 
t,ions. 

It, is imporla,nl to nMiuMnlxu* thal in tlit‘ 
n\o(l(MMi world (*ha-ng(‘s of I hongid ooino about 
with a,ee(hM’at (xl vdoeity. 

dhiroughoid 1 ln‘ whole piM’iod of ixMxu’dod 
history, prior to a, bout a, lumdixMl \ear.s 
t.lu' speed of lo(*on\otion did not e\ei‘i‘d Hir 
sp(X‘d of a, hors(M TIkmi eanu‘ ( ho loot)m(di\e. 

It, is a. nuMx^ thirty yiuirs since 1 ho hr>( 
a.(M‘opla,n(‘ ma,d(‘ its “ fait (‘ring lligld ” (uim* 
the Dayton sands. 

Th<‘S(‘ (‘lia,ng(‘s maniIVsfly e\pr(‘ss a (mutos 
[ londing lilxM'a.Iion of llionghl in regard in 
j,Ji(‘ jirobhMii of looomol ion. 

Is t,h<M’(‘ not, hop<‘ I luM’efoix* lhat sinnlai* 
progn'ss ma,y b(‘ nuinifeslixl in I 1h‘ alt it mb* 
of mind wil b wbieli liiiinanily fact's t 
probhMiis of war and po\ (‘rly ! 

p(‘iMls of " mass sngg(‘sl ion”, and I ho 
ma,ny iikmi, ns for producing il, a,i'(‘ Ixu'oming 
wi(l(‘ly r(‘(*ognizod as a (Miust^ for gruM* 
(*()n('(‘iML 

Why should not t ht‘ samt' or groat (M’ 
(MUM'gy b(‘ (MUjiloyod (o dissmninalo riglu 
and t,ru(‘ id(Mi,s t lad us iH)p<‘ (hat Iho 
proj(‘et-(‘d d(‘V(‘lo)mK‘nt, of Ivroadeas! ing; in 
India, will b(‘ us(‘<l to sprt'ad wisdom a^^ 
well a.s knowl<Mlg(‘. 

'TIk* (l<‘(‘p importa,ne<‘ to I Ih‘ p!’os(*nl world 
of a. fimda,m(Md,a.l (dningt' in \'i(‘w point i- 
su(lie.i(Md,ly (‘vidmd-, a-nd lli(‘ foix'gtdiig (‘\ pto’ i 
t-ion may lidingly eonehid(‘ by (jinding the 
hist, para.gi’a,{)li of Silvio (h'sedhs Tri'afiso «m 
.Na.(,ura,l Beoiiomio <)nh‘r.” 

dvoryoiK' vNoiild of <‘oursi‘ tiki* lo onjc^s (In* 
blessings of <‘i\dl atid ‘ml crrinl ion.'d p.'at’**, and st 
thci sjun(‘ Unn‘ I i v<‘ on ('a pil a l-i td <*rest . ( Uif ( ho- r 

vrix) ha.V(‘ discovaa’ed llial I la* I’oi.'dtalil v of ctoioa, 
so isa, Ul-opia.n r;mkas\’, an >n t>f n.aii i* tmrjtts : 

t,hos(^ vvIjo i‘(‘(‘()gni'/.(‘ i.har war and iuleros! art* no 
S(‘.para,ld(‘, nmsl- ehooso ota* or ol hor uf (to* i- 
altwx'nat.i V(‘S : eit hei* iid.eresl and war, «)r oar je-d 
irx'onu' a.nd p(‘a.e('. Siadj person , if r(‘a !ly animal **<! 
by pt'aceddd ('lirislian frelin/'s, will .are< p( wilh 
V(doh*ii\g l.ht‘ lal,l<‘r ad ernat i Vi' ; snidi piW: o!i- hav** 
1.lu‘ rigid, iniujr pr(‘i»ara,t imi for undeisl antlitse. 

Tlx' Na.l ural Ihionomie Order”; if is (or Ihrm 
iliat. tlu' book ha,H bi'inii writ torn a.ial it is tla‘\' alMi 
who, und<di*rr(‘d l)y opposit.ion, will carry thr«.ugii 
th(‘ refonns it. proposes,’^ 
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SUIMMARY. I 

The vast possibilities of the utilization | 
through modern scientific discovery of the i 
unlimited resources of solar energy are 
illustrated by examples. Attention is drawn 
to the fact that energy units have already 
been used in practice as a Measure of value. 

The terms value and profit are distinguished 
and reference is made to the difference of 
viewxioint exemplified by the civilization 
of the Incas and that of their Spanish 
conquerors. 

An analogy is suggested between the 
conception of heat as calorie and of gold as 
wealth. In the modern world the concept of 
energy should control true economic thought, 
rather than any one material substance 
such as gold. 

It is shown that in the world of plenty 
foreshadowed by the achievements of physical 
science, production for profit is ultimately, 
impossible, except by exploitation or war. 

Attention is called to the importance of 
thinkers trained in the methods of modern 
science devoting consideration to the prob- 
lems of present day economics, if disaster is 
to be avoided. 

The consequences of the concept of energy 
are considered in relation to Capital, Interest, 
Rent, Land and Currency. 

The suggested unit of Man-Power, known 
as the EEISr {viz., the daily Mtrogen ration 
of a man, with its corrcvsponding energy 
value), is explained, and its advantages as a 
universal currency medium discussed. 

The question as to how far the thought of 
the modern world is ready for the new 
kinetic viewpoint is considered and several 
encouraging signs are noted. 

Finally reference is made to recent efforts, 
embodying some of the ideas set out in the 
article, and the need is again urged for the 
co-operation of thoughtful people in the 
building of a new world. 
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Crookes, Sir William, The Wheat Problem. 

Darling, J. E., c.b.e., The ‘"Rc.r" — A Nciv Money to 
Unify the Empire. 

Douglas, C. H., Social Credit. 

Field, A. N., The Truth about the Slump. 

Forbes, Rosita, Eight Rcpiddics in Search of a Future. 

Ford, Henry, My Life and I Fork. 

Fowler, Gilbert, J., Introduction to the Biochemistry 
of Nitrogen Conservation. 

George, Henry, Progress and Poverty. 

George, Lloyd, The Truth about Reparations and 
IJ'ar Debts. 

Gesell, Silvio, The Natural Ecojioniic Order. 

Gibbs, Sir Philip, European Journey. 

Hawtrey, R. G., The Gold Standard, Theory and 
Practice. 

Plenderson, Fred, The Economic Consequences of 
Poivcr Prodnctimi ; Foundation of the World's 
Nezv Age of Plenty. 

Hitler, A., My Struggle C'Mcin Kampf"). 

Hodgson, John, The Great God IVaste. 

Hurst, Mechanism of Creative Evolution. 

Huxley, Julian, A Scientist among the Soviets; 
Scientific Research and Social Needs. 

Jameson, Storm, No Time like the Present; The 
Decline of Mcrrie England. 

Jones, Walter, Capital and Labour. 

Lawrence, Pethick, The Money Muddle and the Way 
Out. 

Martin, Kingsley, Lozv's Russian Sketchbook. 

Marx, Karl, Capital. 

Maxwell, D. W., The Principal Cause of Unemploy- 
ment. 

Melchett, Lord, Modern Money. 

Meulen, Henry, Industrial Justice through Banking 
Reform. 

Mussolini, Benito, Biography. 

Newsholme and Kingsbury, Red Medicine. 

Nichols, Beverley, Cry Havoc. 

Pratt, Ambrose, Magical Malaya. 

Priestley, J. B., English Journey; Wonder Hero. 

Prescott, Conquest of Peru. 

Robertson, D. H., Bankbig Policy a)id the Price 
Level. 

Roosevelt, F. D., Looking Forzeard. 

Ruskin, Unto This Last. 

Salter, Sir Arthur, Recovery. 

Scott, Howard, Introduction to Technocracy. 

Shaw, G. Bernard, The Political Madhouse in 
America and nearer Home. 

Simonds, Frank H., America Must Cancel. 

Smith, Adam, Wealth of Natioiis. 

Soddy, Professor, Money versus Man; Wealth, 
Virtual JVealih and Debt. 

Thwaites, Lt.-Col. Norman, Velvet and V^inegar. 

Wells, H. G., The Work, Wealth and Happiness of 
Mankind; The Shape of Things to Come. 

Willcocks, M. P., Betzveen the Old IVorld and the 
Nezo. 

Wingfield Stratford, Esme, The Victorian Aftermath. 

Addre:ss£:s, SPEiciAiv ArticbiSs, Pamphlets, and 
Re:ports. 

Eddington, Sir Arthur, Lecture Recorder, December, 

1932. 

Ewing, Sir Alfred, “Power”, Address to the Engineer- 
ing Section, British Association, 
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Fowler, Gilbert J., '"The 'Em’, a New Medium of 
Exchange,’' Capital, 3rd March, 1932; "Chemistry 
and Currency,” Current Science, Vol. I., No. 2, 
August, 1932. 

Hamilton, Sir Daniel, The Man Standard; The Co- 
operative State and How to Reach It; The Heiv 
Constitution and the Bread Problem; Rural Re- 
construction; The India White Paper and the 
Co-operative Government. 

Plodgson, John L., “Some Aspects of the Problem of 
Industrial and Communal Waste, with Discus- 
sion,” Journal of the Royal Society of Arts, 
February 19th, 1932. 

Hopkins, Sir Frederick Gowland, “Some Chemical 
Aspects of Life,” Presidential Address to the 
British Association, 1933. 

Jarrett-Kerr, Lt.-Col. H., “Year of Jubile” Rural 
Reconstruction League of India. 

Jarvis, J. Gibson, “Instalment Buying,” Journal of 
the Society of Arts, April, 1932. 

Jones, Gavin, R.T.C., “Note on the Economic Situa- 
tion for the consideration of the Upper India 
Chamber of Commerce.” 

Keeble, Sir Frederick, “The Green Plant as Agricul- 
tural Engineer,” Hawkesley Lecture, Institution 
of Mechanical Engineers. 

Kitson, Arthur, “Letter to H.R.H. the Prince of 
Wales on ‘The World Crisis, Its Cause and 
Remedy.’ ” 

Leverhulme, Viscount, Presidential Address to the 
London Chamber of Commerce, 

Petavel, Captain, Numerous pamphlets on Educational 
Colonies, 


Walker, Professor Miles, “A Call to the Engineer 
and the Scientist,” Presidential Address to the 
Engineering Section, British Association, 1932. 
The Rural Report of the Liberal Land Committee, 
1923-25. 

The Protocols of the Learned Elders of Zion. 
Publications by the Industrial Christian Fellowship. 
Interim Report to the Church Assembly of the Social 
and Industrial Commission on Unemployment. 
“Monetary Reconstruction,” Monetary Reform Asso- 
ciation. 

Times Supplement on Gold, June 20th, 1933. 

“The Case against Gold,” The Times, April 9th, 1934. 

General. 

The subject has been followed in the newspaper 
and magazine press: particularly in the Christian 
Science Monitor, the Statesman, the Chamber of 
Commerce Journal and the Lecture Recorder. 

Numerous articles by competent writers occur In 
such popular publications as Nash's MagaCme, and 
Passing Shozv, indicating the wide appeal of the 
subject. 

In the Planters’ Journal, 1932-33, a correspondence 
between Sir Montague Webb and the present writer 
was followed by a valuable series of articles by 
Major B. J. Temple. 

Mention may be made of the weekly paper, Life, 
publi.shed in Bangalore and edited by E. Kirk, whiefj 
has devoted its first attention to the discussion or 
modern problems in Economics. 


Trade and Industry. 


S IHCE the above v'as written, we have 
come across an 'account of the proceed- 
ings of the fiftieth anniversary of the School 
of Incorporated Accountants and Auditors, 
London [The Chamber of Coymnerce Jonrnalj 
May 1935, page 360). In the course of his 
reply to tlie toast by 'Trade and Industry’’ 
proposed by Sir Josiah Stamp, Sir Stephen 
Demetriadi, President of the London Cliamber 
of Commerce, quoted the old rhyme ; — 

''The centipede was happy quite, 

Until the toad in fun * 

Asked him which leg went after which 
Which worked his mind to such a pitch 
He lay distracted in a ditch 
Considering how to run.” 

and said, ‘AVe had succeeded in making 
what was comparatively simple business, so 


complex that trade and industry, like the 
centipede, were lying down and passing 
quietly away. In simpler and saner days, 
it was clearly understood that the reason 
why a man j)^c>diiced Avas tliat he, liis 
friends, relatives and retainevs might con- 
sume, and these simple souls Avoiild liave 
been amazed to learn from ns that AAiiat 
they should have done to become truly 
wealthy was to have restricted the produc- 
j tion, burned or otherwise destroyed some of 
i it, and in this Avay, by making it scarcer, 

made it more valuable It sometimes 

seemed that the present impasse was so 
essentially devoid of reason that X3erliaps the 
answer hidden for the wise and- prudent, 
might yet be revealed to babes and sucklings. 
The centipede might forget all about tJie 
toad and just get up and walk quietly aAvay." 
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Presidential Address. 

By J. I-I. Hutton, c.i.E., m.a., d.sc., 

F.A.S.B., I.e.S. 

[The preliminary portion of the acldre.ss is 
devmted to a recital of the history of tlie Academy 
movement which led to the formation of the 
Committee by the Indian Science Congress and 
the subsequent developments, ending in an exhor- 
tation to the Congress members to accept the 
report of the Committee for the formation of the 
NTational Institute of Sciences of India. Dr. 
Hutton then proceeds to give an account of the 
social and ant liropological {iroblems arising from 
the Census Deport of India for 19.‘H .] 

T HEVED realised, nor came near to reali- 

sation of tlie -vast field that there is in 
India for the organised efforts of science 
until the Census of 1931 put me into a 
position in which I could hardly overlook 
it. The first essentials of sociology are 
accurate statistics, and most of the few 
statistics available in India are obtained by 
crude methods and give results which are 
insufficiently exact. We know for instance 
that the population has increased but we 
can only guess at the causes; we cafinot in 
India as a whole be certain of where or 
when the increase took place beyond locat- 
ing it over a period of 10 years. In Madras 
alone was the registration of birtlis and 
deaths sufficiently accurate for the popula- 
tion of 1931 to be determined approximately 
before the counting took place, and even 
then we cannot be sure that that accuracy 
was not an accident. How far the variation 
of fecundity in different parts of India is 
due to environment, heredity or social 
customs we have no means of knowing, 
since detailed local studies are wanting. 
Mr. Porter in Bengal has embodied in his 
Census Eeport for that province an interest- 
ing speculation on the future growth of the 
population of Bengal; but the figures on 
which it is based being limited to seven 
enumerations are not enough to warrant our 
taking it as more than a speculation. Even 
so it leads us at once to the urgent need of 
a greater application of science to matters 
of rural economy. It is probably true 
enough that improved methods of agriculture 
can so increase production that the popula- 
tion of this country is not an immediate 
danger of outstripping its potential food 
supply. But I say potential advisedly. It 
is very clear that in other respects the 
position is serious. The vast majority of 
India’s population live an agricultural life 
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not only by force of cireinnstanc(‘,« but by 
deliberate preference and iindin* their exLstiui? 
conditions of ignorance and of abseinu^, of 
capital, the population atteinpiiing to live 
by agriculture is likely to boconie, if it has 
not already done so, much too numerous for 
the land to support. The subdivision of 
holdings which arc insufficient to maintain 
their owners, must tend to reduce tlie econo- 
mic output from their land wliile the 
increase of cultivators and in particular of 
landless agricultural labourers calls Cor an 
increasiugly high return from tlio land. In 
limited ^reas and to a limited extent some 
relief is afforded by seasonal industries 
(such as cotton in Central India) which 
enable the agricultural population to add to 
the income derived from land; in otlier areas 
cottage industries give similar assistance, 
but the extent of these reliefs is entirely 
inadequate to tlie need, and there is an 
obvious call for a great extension of part- 
time industries in which the cultivator (*.a.u 
find employment when lie is not retpiircd on 
his fields. To give one instance, in is prob- 
able, if not certain, that the application of 
scientific methods of breeding, feeding and 
selection could double the outturn of silk in 
India without any increase in the number of 
cocoons, and could at the same time (mor- 
mously improve the quality of the silk. 
Indeed, for at least one Assam tribe th(‘, 
silkworm provides not. only cdotliing hut an 
article of food, as the pupa is much relisluMl 
and reserved as a delicacy for favourcMl 
guests. But without seeking to popularise 
this use of the silkworm, the extension of 
silk producing, on scientifically improvcMj 
methods, as a cottage industry inight ma.k(^ 
India easily tlie premier silk-producing 
country in tlie world. 

Further, altliougli at present there may 
actually be enough food in quantity t.o 
prevent the great majority of culliivators 
from going liungry, it' is becoming increas- 
ingly apparent that their diet is very often 
extremely badly arranged. A very griuit 
deal of the disease in India is deficicnc.y 
disease due more to a badly chosen diet than 
to actual scarcity of foodstufs. This point 
is well brought out, for instance, in Mr. 
Yeatts’ Census Eeport on Madras where he 
emphasises the researches of Sir E. 
McCarrison on the causes of blindness in 
India indicating that the widespread preva- 
lence of keratomalachia is due to a diet 
deficient in fat-soluble vitamins. It is likely 
also that leprosy, to take another instance, 


is (mc()iira.g(‘(l by d(di(‘i(‘n{‘.v di<d s. Sir Jolin 
M<\ga.w aga.iu, in his pa.piu* on Pcpulaficii 
(1)1(1 IlcdUh i)i I)idi(i, t.ells us thal, in India,, 
although iliiaa^ nu^als dally is luort's camuiiou 
than two, ^ malnii trition din^ t,o unsiiilahlc 
di(di is tlu*i rule ralluu' lliau (lu‘ <^xca*ptioir. 
Here tluui is one [U’a,(*l.i(ai.I task for doclors 
and li(‘.alth ollictu's: tlnit of presiadlilng a 
suilabh^ died; witdiin tli(‘. rmains of (1 h^ vary 
poor eonformablc'. t,o tlu^ lomil proeiiads 
ava.ilahic'. in tli(‘ lUM'glibourhood. An (^xainph* 
of whal. e.a.n Ix^ dom^ in (liis wa.y ina.y ])c siaai 
in Ml*. M.uk(u-j(^a\s Iteqmrt on tin* Ihmsii.s 
of Ihiroda, lO.’il, wluua^ Dr. F. l\ Antia and 
Mr. y. S. Kailcs giv(‘ a, food snrv<\y of tin* 
priiudjial (‘a-stivs in th(^ S|,al,<'!. I would at 
this point put. in a. wool of warning agaiiis! 
tIi()S(b enthusia,s(.s for ndorni and impruve- 
lueut whos(^- zeail is greailau* (liaai llndr 
knovvl(‘(lg(H. It is pcirha.ps i>arily bi^eamse the 
results of int.eunfiera.ma^ a.n^ so olndotis and 
easily ai)pr(M*.ial.(‘d thal. l.!i(» aeivcxailvs of 
t(unp(*.ra.n(*.(^ a.rc’i a.pl. to Ix^ fa.nal.ic: l.remisis, 

though I I)a.\M‘. Iviiown somo wlio teun j)l od one* 
at tiuuvs to r(X‘.all Sa.rnmd ButI(U’’s 
eonuueiit on tlx^ Purita-us wlio ‘ (‘ouifioniul 
for sins th(\y a.r<i iiudiiual {a> by damning 
t.hose th(\y have', no mind l;o 1\] y [xiird is 

tliat Iioux*! bi*<‘.W(Ml Ixxu's form a vm’y im{Jor- 
tant ehmxml; in l-lx^ died, e>r tlie mon' 
primitives trilx^s a.nd e*a,Htt^s of this eouulry. 
Not only elex^s <lx^ very modeu’at e> aanouid of 
alc.ohol in tlx^se's l)r(nvs supply For eortaiu 
purpose's tlx^ wuiiit of suga.r wliic.h in many of 
tlx'iir (‘.nvironuxmts tlxyy e‘.a.nnot. obta.iu, htil 
tlx^ nu*.(‘.ut reHsearclxvs <d’ Col. Chopra on 
vitamins lia,ve shown thai l.lx^ hoim^ lu’envofi 
beers of lixiia. e'.onta,iu ma.uy veuy valuahh* 
vitamins, anul tlxu’e^ is (‘.ous(‘'(U(mily a- sorious 
elangeu* tha,t projiagaiuda, or ie^gislation 
elireeded to l,h(^ suppnvssion of tho iis«^ of 
th(‘.S(^ liejuiels ma.y revsuU. in t.lu^ spr-emd ed* 
ehdiedeux'.y d iseaisevs, a, ml a.dd one*, mon^ tally 
to thci lameuta.bh'i ta,l(‘. of daiunige^ eiono 
by w(^ll-nx^alll ing but il^i^fo]•In(^el taanpeuing 
with, c.ustoms l.ha.t. a.i’e^ elisa.[)pre) veal by tlx* 
redoi-meu* but aaa^ in fa.ed. usd'nl a,(la,pt.a l ions to 
environinemti on l.lx^ f)a.rt of tlx^ oni‘S to 
be reformed. 

ITiifortunatedy, Iiowe^vea*, it. is not only rural 
economy whiedi emlls for l.hc'. a.iel <»f Hx^ 
scientists, t. hough tlu^ rui*al e*.a,ll is t hi‘ more 
argent, not only beamnse tlie.re are^ inon* 
than eight (X)nnl;rymen for eveu'y singh‘. 
townsman in India., but because’^ tix^ rural 
population is infinitely the more, e.onservat iv(^ 
and therefore in much greater need of that 
‘new outlook on life’, the necessity of 
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which is admirably emphasised by Sir John 
Megaw, in the paper which I have already 
cited, with a telling quotation from the 
concluding chapter of the Eeport of the 
Eoyal Commission on Agriculture. Such a 
new outlook is easier for the townsman to 
acquire, for in exchanging a rural for an 
urban life he comes into daily contact with 
new ideas and new ways of living. Un- 
fortunately, these ways of living are in some 
respects no improvement on the old. The 
Indian village, at any rate in northern, 
western, central and parts of southern 
India, often on a constricted site which 
cannot be expanded on account of the need 
of land for agriculture, is apt to be congest- 
ed to a highly insanitary degree : but in 
towns this condition is often incredibly 
accentuated, and while 26% of Bombay’s 
1,161,380 inhabitants live under conditions 
of the grossest overcrowding, 74% of that 
population live in one-roomed tenements at 
more than 4 persons per room. Buildings 
of one storey predominate in Indian towns, 
which makes the figures of congestion, 
when the population for a given area is com- 
pared with congested population in Great 
Britain, appear lower than they really are, 
but where, as in Cawnpore, tenement build- 
ings are used, the congestion is almost 
incredible. One chak of the Anwarganj 
ward of Cawnpore contains a density of 
786,560 persons to the square mile, a figure 
untouched by the worst of the metropolitan 
boroughs of London. Obviously there is a 
need for scientific planning in the outlay 
and growth of all developing urban areas 
if a repetition of this sort of scandal is to 
be avoided. It was a matter of consider- 
able surprise to me to find that in many 
parts of India the existence of a town with 
a large and concentrated population was 
regarded as an occasion for pride and com- 
placency. A large town appears much 
rather to me as a source of fear and repul- 
sion. It is true that the works of such men 
as Sir Eayinond Unwin have shown that 
there is no need for this, but nevertheless 
such parts of India as Assam, Malabar and 
Eastern Bengal, where any close concentra- 
tion of population is the exception, appear to 
be the more fortunate for that, and India has 
a wonderful opportunity of profiting by the 
experience of Britain and avoiding, by 
careful and scientific planning while her 
industries are still in their infancy, any 
further concentration of industrial popu- 
lation in congested areas. 


I have referred to these points of rural 
economy of diet and of town planning 
merely as instances of matters in which 
science may and should be utilised and 
directed for tlie benefit of tlie community ; 
there must be many more which will no 
doubt be discussed by the various sections 
of this Congress, much more fruitfully than 
by me. There are, however, certain aspects 
of my own special subject to which I pro- 
pose now to direct your attention. India 
offers a vast field to anthropologists and 
opportunities such as exist nowhere else 
in the world, forming as she does a veritable 
museum of living physical types, of social 
organisations, cultures and religious beliefs. 
From the point of view of physical anthro- 
pology there is a vast amount of work to be 
done. India contains in forms that are 
anatomically distinguishable elements de- 
rived direct from the negrito races which 
constitute probably the oldest type of 
human being anywhere surviving. These 
elements are no doubt few and rare, limited 
to the Andamanese, rapidly alas becoming 
extinct, and to one or two of the remoter 
jungle tribes of the south of India. Simi- 
larly there are to be found survivals of that 
other eastern negroid race, the Melanesian. 
These survivals are more easily to be traced 
in culture than in anatomy, and it is not 
unlikely that the typical appearance of the 
Melanesian race itself is the result of hy- 
bridisation. Nevertheless evidence is to be 
found of affinity in physique between some 
of the Assam hill tribes and the races of 
Papua and New Guinea, and it is probable 
that such affinities occur again in some 
other parts of India. On the other liand, 
the physical type which Col. Sewell has 
conveniently labelled Proto-Austi'aloid is 
widespread in India and Burma. This race 
possibly represents an early branch of the 
brown race of the south-east Mediterranean 
which migrated eastwards at a very early 
date and has been modified by environment 
to produce a markedly different type. On 
the other hand, it may be connected with 
some of the recent finds in Palestine, which 
Sir Arthur Keith appears to j’egard as related 
to surviving types of man. These views are 
not necessarily mutually exclusive. This 
race is represented most strongly in the 
lower castes and in some of the aboriginal 
tribes particularly of southern India. These 
races have been followed by others whose 
order of coming is more difficult to deter- 
mine. One race of invaders, probably 
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likewise moving from north-west to south- 
east, must have brought in the Mon and 
Munda languages and possibly the keeping 
of sheep. Like their predecessors they seem 
to have formed definite connections over- 
seas and to have moved on from India to 
Indonesia as the succeeding races did after- 
ward. It was perhaps after their coming 
that the Parceean or Mongoloid races began 
to come down from the north-east, parti- 
cularly in eastern India and Burma, but 
whether they ever penetrated far into India 
except at a much later date is doubtful. 
There is a suggestion of the Mongoloid 
about many tribes, in the Madras Agency 
Tracts, for instance, but it is not clear that 
this element did not come in from the east 
by sea together with tlie returning wave of 
speakers of Mon languages which certainly 
came back from the east westwards into 
Assam. In 1930 Mr. J. P. Mills and myself 
published in the Journal of the A.S.B. an 
account of some stone funerary urns found 
in the hiortli Cachar Hills, which were tlien, 
as far as we could ascertain, unique. Since 
that date groups of very similar urns, 
used for an obviously identical purpose, 
have been discovered by Mdlle.Colani of the 
Eeole Pranfaise d’Extreme-Orient in Tonkin 
in Indo-China, so that the Khasi-Synteng 
group in Assam can now be connected with 
the Far East culturally as well as linguisti- 
cally. 

And here is a point at which the geolo- 
gists can help us. I have suggested else- 
where that a wave of immigration into India 
from east or south was caused by the 
subsidence of tlie mass of the Indian Archi- 
pelago. There are traditions among the 
hill tribes of Assam, Burma, Eastern India 
and the islands themselves which seem to 
me to point to a great volcanic cataclysm 
and a submergence of land under the sea 
which drove them to escape into the hills 
and ultimately to migrate ; Messrs. Peake 
and Fleure, in that admirable series The 
Corridors of Time, have pointed out that if 
the coast line of the Indian Archipelago be 
extended to the hundred fathom line a 
great land mass appears which very nearly 
joins the Asiatic continent to Australia, 
and that some such reconstruction is neces- 
sary to account for the early occupation 
by man of the Australian continent ; Molen- 
graaff and Weber in their work on the 
Zoology of Indonesia have pointed out that 
the distribution of the species of freshwater 
fish in the islands suggests laud continuity 


up to a comparatively recent date. The 
suggestion I made of the migration of 
certain tribes as the result of a volcanic 
upheaval and submergence met with quite 
definite disapproval at the hands of the 
geographers to whom I propounded it last 
year in London, but since then I notice that 
Corbett and Pendlebury in their work on the 
Butterflies of the Malay Peninsula have been 
led independently to a precisely similar 
conclusion to that reached by Molengraaff 
and Weber when working on the fish ; I 
think I am justified therefore in stirring 
np the geologists to re-examine the possi- 
bility of the subsidence of Indonesia after 
its occupation by man, and at what is, 
geologically speaking, a recent date. 

Whatever the provenance of the Mongoloid 
element in India, however, its physical 
influence appears to have been very small, 
and the main bulk of India’s population 
would appear to be of Mediterranean origin, 
and it is possible to show mueli evidence 
for a continuity at a very ancient date 
of both race and culture from soubli- eastern 
Europe through Asia Minor, Syria, Meso- 
potamia and Iran to India. Into this 
population brachycephalic elements liave 
entered probably coming both in the form 
of an admixture with the civilised Mediter- 
ranean and also in the form of a definite 
brachycephalic migration which ha.s affected 
certain areas in India, of which Bengal 
is one, very much more strongly than 
others. It is possible that this latter bra- 
chyeeplialic element brought in the Pisacha 
or Dardic branch of the Aryan language, 
a purer form of which followed with the 
dolichocephalic Aryan invasion of about 
1500 B.C. This difficult question I have 
discussed at greater length elsewhere, and 
I do not pretend to regard the position 
advanced as conclusively proved and estab- 
lished. What I do urge is that the 
question of race in India is one which 
calls for very careful and detailed examina- 
tion by trained anthropologists on tlie 
lines recently adopted by Dr. Guha of the 
Zoological Survey and those workers who 
have been assisting him. The method of 
working by the coefficient of racial likeness 
is laborious and involves an amount of 
mathematical calculation which is more 
laborious even than the taking of the 
measurements, but results of permanent 
value cannot be obtained without the initial 
labour and this should be extended to all 
parts of India and to every tribe and caste* 
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It should also be supplemented by a cor- 
responding analysis ol; the blood groups 
of such castes, since it is possible, if not 
probable, that these may give no less 
important indications of relationship tlian 
anthropometrical measurements. You have 
in India in the caste system a most valuable 
opening for approach which is denied to 
other countries where racial mixtures have 
gone on in a far more promiscuous way 
than they have in India. I do not suggest 
of course that caste is any necessary 
criterion of race. I feel certain that it is 
not, but it has divided up the population 
into endogamous groups which must have 
very greatly retarded and restricted the 
extent of miscegenation, and investigation 
is urgently called for before that system 
begins to break down under modern condi- 
tions. Meanwhile that same system affords 
opportunities for the study of human gene- 
tics not found elsewhere ; it also opens up 
an approach to the study of the effects of 
environment on physique, since if castes 
which can be showm to have had a com- 
mon origin and to have kept their strain 
pure but which are now domiciled in 
different parts of the peninsula are found 
to differ physically, the differences may 
be examined to see how far they can be 
traced to climatic or to other environmental 
causes. 

In prehistoric archaeology there are any 
number of sites awaiting excavation, and 
it seems highly probable from finds that 
have been made in Bihar that the Mo hen • 
jodaro civilisation extended not only to 
the Indus valley but to the valleys of the 
Jamuna and the Ganges as well. We do 
not yet know the meaning of the ideographs 
used by the people of the Mohenjodaro 
civilisation, nor what was the language 
used. It seems likely that it was a Dra- 
vidian tongue, but it might conceivably 
have been a Munda one. A mere reference 
to Munda is enough to remind one that our 
serious lack of knowledge of tlie distribu- 
tion of this language shows how great is 
the necessity of linguistic research in 
southern India. Sir George Grierson’s 
great work on the languages of India did 
not include the province of Madras, and 
we have no knowledge whatsoever of 
whether any trace of the Munda or Mon 
linguistic family exists south of the Goda- 
vari river or not. I suspect myself that 
such traces will be found in the uplands of 
Mysore, but that is a pure guess. An 


extension of the linguistic survey to the 
whole of south India is urgently needed; 
meanwhile we cannot tell whether the 
Munda speakers ever penetrated to the 
south or not, nor what traces, if any, 
survive of any of tlie languages tliat must 
have preceded Dra vidian there. But we 
ought not to be content with mere linguis- 
tics. There is a brancli of research in 
which so far as I know very little indeed 
has been done in India, but which if 
taken up comparatively is likely to lead to 
valuable results. I refer to the symbolism 
of dreams. Such work as has been done 
on this subject in -Europe tends to show 
that the symbols of dreams are of universal 
application. Thus to dream of the loss of 
a tooth foretells the death of a relative 
in all parts of the world; most often, but 
not necessarily, it refers to a maternal 
relative, which is perhaps in itself signi- 
ficant. ISTow Freud makes a suggestion 
that the dream symbols used by the ^ sub- 
conscious ’ to avoid the censorship of the 
^ ego ’ may be the survival of a symbolic 
language in use by the human race before 
any language, as we understand the word, 
developed. It seems not unlikely that 
when primeval man got beyond the stage 
of chattering, squealing, and grunting in 
different tones of voice, he communicated 
by means of a very limited vocabulary in 
which one word or symbol had to serve 
all sorts of different meanings connected 
only by some real or suppositious similarity 
in the objects named. The suggestion is 
an interesting one, and I would recommend 
a comparative research into the dream 
symbols of various castes and tribes as one 
which might throw some light on the pre- 
existence or otherwise of such a symbolic 
proto-language, and which would at any 
rate test the claim which has been made 
that dream symbols are of universal appli- 
cation. It lias to be borne in mind of 
course that conventional interpretations of 
dream symbols may have been communi- 
cated, at a much later stage in human 
evolution, from one people to another in 
the manner in which folktales have spread 
all over the world, and that the diffusion 
or universality of conventional interpreta- 
tions of dreams is not necessarily relevant 
to the hypothesis put forward by Freud, 
in which the symbol is used by the sub- 
conscious self in cases in which the ego 
disapproves and suppresses the use of a 
more easily recognised vehicle of expression 
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— Here the interpretation is not available 
until supplied by psychologists. 

In the study of folk-lore proper only a 
beginning has been made in India, and 
a vast deal of material is disappearing very 
rapidly under the influence of missions and 
of the general change in the manner of 
living which is being brought about by the 
opening up of communications generally. 
Dr. Bake, a Holiander, has recently been 
woi'king at Indian folk-music and has shown 
us what can be done by an enthusiast, 
while Bengal has set an example to other 
provinces in a revival of folk-dancing. 

Turning to religion we find in India beliefs 
and practices which seem to have survived 
from a very early date in human history like 
hies preserved in lumps of Baltic amber. 
Thus traces are easily found, not only in 
tribal beliefs, in which the principle is vsome- 
times specifically formulated, but in folk- 
religion as distinct from orthodox dogma, all 
over India of a belief that life is a finite and 
rnaterial substance. It is this belief in the 
transferability of life, so to speak, that 
underlies the practices of head-hunting and 
human sacrifice, though in the case of the 
latter the ideasof propitiation and expiation 
have doubtless entered later at a sophisti- 
cated stage when the original idea which 
gave rise to it had begun to fade. It also 
underlies many funeral practices in this 
country which are arranged with a view to 
the transference of the life-matter to the 
crops, whereby it is again consumed by 
human beings and used for the propagation 
of fresh individuals by the begetting of off- 
spring. Elsewhere I have pointed out that 
the same idea appears to be the basis of the 
practice of temple prostitution. Now I 
suggest that this idea of life as a material 
substance arose very early in human pre- 
history. Primitive peoples to this day have 
great difficulty in expressing anything but 
a concrete idea; primitive languages are apt 
to contain no words for abstract ideas. 
Clearly the inference is that at a primitive 
stage of thought only concrete things can 
be conceived of, and the first man who 
reflected upon the difference between a 
dying body and a dead one conceived of 
that which had left the body as some 
material substance which had leaked out of 
it, which is very much how the Karen states 
the case at this day, while this view of the 
nature of life is not only common through- 
out India in tribal religions but may be 
traced in Plindu philosophy. The Vedanta 


conception of the soul with its successive 
sheaths is probably one instance, and a 
more concrete one is to be found in Mann’s 
condemnation of the Teli and his relegation 
of him to an outcaste position on the ground 
that he is a destroyer of life by crushing the 
oilseed for the extraction of oil ; hence the 
distinction in Bengal between the Teli who 
crushed the seed and are therefore outside 
the pale and the Tili who merely traded in 
it without having committed the sin of 
destroying life. Another instance of the 
way primeval things survive in India is 
perhaps to be found in the common preju- 
dices in regard to red ochre. When arranging 
for the numbering of houses in the 1931 
census I found that red ochre was a desir- 
able pigment to recommend because almost 
all over India the use of red ochre is 
regarded as fortunate, and while people are 
likely to object to numbers tarred or painted 
on their houses, the affixing of numbers in 
red ochre was regarded as more lucky than 
unsightly. I do not know the cause of 
this and I do not know that anyone knows 
why this superstition attaches to red ochre, 
but it struck me at once that it might 
well be a survival of some belief that was 
obviously at work in the old stone age. 
It is clear from manjT- prehistoric finds that 
Palaeolithic man treated the bones of the 
dead with red ochre and the find at Offnet 
of a large number of heads so treated with- 
out the appropriate skeletons suggests that 
the use of ochre may have at one time been 
associated with the practice of head -hunting 
or with that of a separate disposal of the 
head in burial, a practice still popular in 
parts of the hills of Assam, where it was 
once more prevalent than it is now, in parts 
of Burma, of Indonesia and of Melanesia. 

I have said enough to indicate I think tlie 
enormous field there is in India for antliro- 
pological research. What is most wanted at 
present is the organised collection of facts, 
of facts, that is, uncoloured by any precon- 
ceived ideas. Facts once collected and put 
on record can be interpreted at any tixxie, 
while premature interpretation is too apt 
to predetermine the actual facts collected, 
and all the time precious material is dis- 
appearing at a rapidly increasing rate. The 
tremendous change which motor transport 
has introduced into India has only just 
begun to be felt, but the general improve- 
ment in means of communication is indi- 
cated by a rise in 1931 in the figures of every 
form of road transport except those of palki- 
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bearers, who show a not very remarkable 
decrease and a rise in the figures of peisons 
employed in the construction of means of 
road transport, and a corresponding rise 
of over 300% in the figures of owners, 
managers and employees connected with 
mechanically driven vehicles. This change 
is having an incalculable effect on country 
districts and you must expect to find that 
an incredible quantity of traditional belief 
and custom will disappear in a generation. 
Change has been fast enough in Britain. 
I can remember as a child taking part 
in more than one Easter egg-rolling, and 
you may search very far before you can 
see one there now-a-days, and I can 
remember watching the performance of 
what must have been one of the very last 
bands of the old folk sword-dancers before 
the artificial revival of folk-dancing; but in 
this country I have seen whole villages 
entirely abandon their ancient customs in 
the course of a few years, and there are no 
written records by which the rising genera- 
tion of such villages can have any know- 
ledge at all of the practices of their own 
fathers. It is therefore to the collection of 
the existing material of folk tradition before 
it is lost that this generation of Indian 
ethnographers is called and I would further 
urge that intensive work on a limited area 
is far more valuable than extensive work 
which necessarily involves generalisation. 
That can always be done later. Local 
differences are often very great and the 
minor differences found from district to 
district may be of great significance. 
Different areas with different environments 
need different treatment, and it seems to 
me that we suffer much, too much already 
in India from too much centralisation, and 
too much generalisation in every form of 
activity. 

The question is likely to be asked what, 
if any, is the practical value of a study 
of anthropology. I offer no categorical 
answer to that question, but I do offer a 
few instances in which its practical value is 
sufficiently obvious. Thus in Africa the 
substitution of Indirect Eule for the older 
system of direct administration is the 
immediate result of applied anthropology. 
Indirect Eule is an educative system and its 
objective is to evolve by a natural process 
an indigenous system of administration 
which shall conform to civilised standards 
without jettisoning what is good and envi- 
ronmentally suitable in the native systems 


which Direct Eule must completely oblite- 
rate. To quote the Eeport of the Kenya 
Land Commission: — ^^The principle is that 
it is better to take the native customs as 
they stand and build from them as a basis, 
than to rely upon some novel but imported 
pattern which would not be understood — 
Such a principle involves of course not only 
the knowledge of what is but of what has 
been ; the knowledge of the origin and raison 
Welre of customs and belief, since no 
complete understanding of these is possible 
without tlie knowledge of how and why 
they came into existence and developed as 
they did. The experiences of Africa have an 
important bearing on the administration of 
the more primitive parts of India, and it 
would probably be wise in our administra- 
tion of tribal areas to look for light not from 
the east but from the dark continent. 
Semper aliqidd novl Africa adfert, and 
although tiie system of Indirect Eule has 
lately incurred much criticism and may in 
some cases have been carried too far, we 
have had only too little of it in India. 
Anthropologists have been accused, inciden- 
tally by Mr. Jayaker, of wishing to create 
for their own edification living museums of 
people whose sophistication is retarded to 
their disadvantage. In point of fact this 
criticism is most unjust. What the anthro- 
pologist does seek to do is to apply his 
acquired knowledge and experience so to 
modify contacts between primitive and 
advanced cultures that the former may not 
be, as they so often have been, ruthlessly 
extirpated by the latter, a process invariably 
accompanied by the decimation, if not 
annihilation, of the races whose culture is 
destroyed. 

At the same time tlie answer to any 
question as to the practical value of anthro- 
pology must obviously depend to some 
extent on tlie circumstances under which 
the question is asked, and in the case of 
this country I would suggest that, apart 
from any administrative question, anthropo- 
logy may be able to provide a solution 
of certain problems of very great importance 
to the people of India. India shows a 
marked contrast to Europe in that the 
number of males exceeds the number of 
females ; various explanations have been 
sought in differences of climate, differences 
of race, or differences of social custom, but 
no one has yet studied the subject so 
thoroughly as to be able to offer us any con- 
vincing explanation of the phenomenon. 
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Again, ‘it is for the anthropologist to 
consider and determine not only its causes 
but what will be its results. It is both 
.icontended and disputed that in-breeding 
deads to an excess of masculinity. If that be 
true, (and there are weighty opinions on 
that side) then the caste system is likely to 
bo one factor in producing this excess of 
-males. If so, will such an excess have a 
good result or a bad one? In the former 
case caste is clearly an institution to be 
-cherished ; in the latter case we ought to do 
all in our power to encourage intercaste 
marriage. Here is a problem for the exami- 
jiation of anthropologists, a research problem 
of veiy great practical importance. It is not 
so much for the antliropologist to say 
whether or not an excess of males is a bad 
tiling, as to determine the causes and 
consequences of such an excess; to say 
whether the observance of caste is a factor 
therein and whether intercaste marriages 
tend to pioduce a more even balance of 
sexes. An enquiry of this kind should not 
be an impossible matter in a town like 
Calcutta. Sir John Megaw, in a much 
discussed paper read last February before 
the East India Society, emphasised ‘the 
urgent need for the people of India to adopt 
a new outlook on life’. Such a new outlook 
can, I claim, be supplied by anthropology, 
which sliould teach us to ‘ see life steadily 
and see it whole’. Life is very largely 
governed by custom and prejudice, and 
often so rigidly that these factors amount to 
tabus, for tabu in its broader sense is no 
foible confined to savages but an attitude of 
mind which they share with the most civi- 
lised, and which is common to all religions 
which depend on any hierarchical organisa- 
tion or any schematic creed. Untoiicliability 
as observed in India is a precise instance 
of tabu. Tabus when they arise, may be 
admirable and even necessary, but like all 
religious dogmas tend to survive long after 
the necessity has declined and their moral 
justification lias vanislied, a survival which 
is often to the moral, social, or economic 
detriment of the community which holds 
them. Many instances of this might be 
given but it will be enough here to mention 
a tabu on the planting of rice in certain 
Naga villages. Where agricultural operations 
are carried out very largely by the ‘‘work 
of the community acting together, It is 
obviously necessary to control the inception 
of successive stages, and to maintain their 
control a tabu is laid upon sowing and upon 


transplanting before the controlling oMcial 
gives the word by an inaugural ceremony. 
Otherwise there would be a tendency for 
those whose fields had completed one stage 
with the help of their neighbours to go on 
to the next instead of helping the rest 
of the community to achieve a similar 
completion first. The successive operations 
of the agricultural year arc therefore all 
governed by a series of ceremonies and 
tabus, the inauguration of which has been 
fixed at the time which experience has 
shown to be most suitable in the environ- 
ment. So strong has the respect for these 
inaugural tabus become, that people migrat- 
ing from one area to another have fre- 
quently continued to refer to the village of 
their origin for the dates of the ceremonies 
to be performed in their new village, and 
have thus perpetuated an agricultural 
calendar which is not suited to the changed 
environment, and although they themselves 
recognise that at their new and, for 
instance, lower and warmer altitude an 
earlier sowing or transplanting would be 
advantageous, they prefer from religious or 
superstitious reasons to retain the dates 
suited to the village of their origin and to 
spffer considerable economic damage as a 
result. Similarly the system of tabu was 
probably essential to the authority and 
position of the Maori chiefs, but so strong 
was the prohibition on touching one that a 
case is on record of a chief who was rescued 
by a missionary on the point of suffocation 
from a fish-bone stuck in his throat whicli 
none of his people could remove on account 
of that tabu. 

Now the reason why tabu, useful in origin, 
is cairicd to an extreme which is merely 
damaging is that it has a definitely religious 
sanction, and all religious sanctions tend 
to be not} only dogmatic but extremely rigid. 
This rigidity is no doubt a quality necessary 
to their enforcement to the first instance 
and to their survival of their initial in- 
conveniences. At the same time its 
ultimate effect is to take such injunctions as, 
for instance, ‘what God has joined let no 
man put asunder’ and ‘thou shalt not 
commit adultery and interpret them so 
stringently as to make them prohibitive of 
divorce or of the remarriage of widows 
under any circumstances at all, giving us a 
stone for bread. 

Professor Haldane has recently drawn 
attention to the fact that human morality 
is usually relative. He refers to that fatLer 
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of modern science Aristotle, who, he says, 

^ saw clearly enougli that right and wrong 
are usually quantitative. Thus according 
to the amount of risk taken in a given 
situation, conduct is judged to be cowardly 
cautious, brave or rash. There is an 
optimum somewhere between two extremes 
just as there is an optimum temperature for 
a growing plant.’ He goes on to point out 
that the principle is ^ perfectly familiar in 
science, as when a substance exhibits new 
properties with rising temperature, or an 
aggregate of many similar molecules dis- 
plays characters not found in a single one.’ 
The conclusion he draws is that a human 
code of ethics must be plastic and capable 
of adjustment to changes in the economic 
structure of society, and a code which is 
rigid is a dangerous anachronism. It is, 
however, the tendency of all hierarchical 
cod'cs to aim at rigidity regardless of 

environment. It is just that spirit which, 
to iise two more of Professor Haldane’s 
illustrations, induced British bishops in the 
early 19th century to vote in the House 

of Lords against a bill to abolish the 

penalty of death for stealing by children 
under 16, and in this 20th century to 

oppose the legitiinisation, by the subsequent 
marriage of their parents, of children born 
out of wedlock. It is the same spirit which 
is abroad in India opposing changes in the 
marriage laws or the entry of exterior castes 
into temples. Because a mediaeval widow 
must burn with her husband or live celibate 
till her death, her remarriage is still dis- 
countenanced ; because a thousand years ago 
it was considered advisable to marry oil a 
daughter before she reached puberty there- 
fore it is a sin not to do so to-day. There 
is ample evidence that the relative propor- 
tions of the sexes at certain ages differ in 
India from those in Britain largely on 
account of the great mortality among girls 
who are married and caused to bear children 
before they are physically fit for it. Yet 
the Sarda Act is a dead letter and the 
interval between its passage and its taking 
effect was used to perpetrate an enormous 
increase in infant marriages, not only among 
Hindus but also among Muslims and 
Christians, A careful investigation into the 
causes of death in childbirth in Madras 
showed that in 6% of all confinements the 
mother was under the age of 15, and if any 
one needs light on the excessive mortality 
among Indian girls aged between 15 and 30 
he has only to turn to the Eeport of the Age 


of Consent Committee and the horrid 
volumes of evidence attached. Clearly 
there is need for the new outlook referred 
to by Sir John Megaw, particularly in the 
more rural parts of India. 

Another end which I believe that anthro- 
pology can further, is that of a better under- 
standing between nations and races. Nor 
do I refer merely to the very obvious need 
of a mutual understanding between Britons 
and Indians. Misunderstandings exist no 
less between dilferent racial and social ele- 
ments within India and are in just as much 
need of liquidation. It is a commonplace 
that to know all is to understand all, and 
clearly a knowledge of the characteristics 
and genius of an alien race as determined by 
their composition, their history and their 
environment is likely to make it easier to 
allow for points of difference and to appre-< 
ciate by standards that are other than our 
own. The increasing ease and rapidity of 
communication is causing the world to shrink 
with a speed which is very disconcerting, 
and unless we can learn to put up with, as 
neighbours, peoples and nations that were 
merely names to the bulk of our forefathers 
we shall find it an uncomfortable place to 
live in. Change is proceeding at a pace that 
rapidly increases as it goes along, vires 
acquirit cundo, and although in India it has 
been extraordinary slow in the past, it is 
already very much faster and may become 
extremely fast in the near future- The geo- 
grapher Ptolerny writing nearly tw^o 
thousand years ago referred to the Hagas 
and placed them on his maps approximately 
where they are to-day, but though the name 
remains, he would no longer recognise tfieir 
country as the realm of the naked, though 
this change has been taking place only in 
the last few years, and may not yet be 
regarded as com|)lete. But nearly every- 
wdiere in rural India the last 20 years has 
witnessed a tremendous change in the stand- 
ard of living and a very rapid introduction 
of new ideas and new practices. Tempera 
mutantur el nos mutamur in illiSj ‘ times 
change, and we to fit them’, may still be 
true, but for a great many of us the change 
is becoming too rapid to be at all comfort- 
able, and there is real danger that the more 
backward may be entirely destroyed by 
failure to adapt themselves to the changed 
environment. What the anthropologist seeks 
to do is to control their contacts with a 
more sophisticated civilisation in order that 
they may have a reasonable chance of 
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adapting tliein selves to a changed environ- 
ment and escape that complete destruction 
by disease and vice that contact with civili- 
sation has brouglit to so many people of 
comparatively primitive economic culture. 
The object is not to chain the individual to 
his existing environment, but by giving him 
the opportunity to adapt himself to clianges 
at his own rate to enable him to control 
liis environment by the development of his 
own culture. The attempt to ^ civilise ’ has 
generally meant an attempt to make in a 
hurry a perfectly good savage into an un- 
satisfactory or useless imitation of an inferior 
Bengali or an inferior European, unsuited 
to the surroundings in which he finds him- 
self and able only to subsist as a parasite on 
society if he can be found what ISTagas 
describe as a ^sitting-eating job’. It is against 
this process in any of its many forms that 
anthropologists seek to take precautions, 
and it may be claimed that at least in Africa 
they have effected something, and I am 
one of those who think that it is still not 
too late in parts of India and Burma, 
and that we can do no greater harm to 
people who have a culture of their own 
already adapted to their environment, than 
to filch it from them, before they have any 
means of appraising comparative values, by 
the substitution of another, unsuited to the 
environment and disguised under the 
insidious pretext of ‘‘uplift”, which so 
often merely substitutes new tabus for old, 
while leaving the attitude of mind, the out- 
look on life completely untouched. The 
only case I know of in which the mere 
museum-of-exliibits policy could be justified 
is that of the Andamanese, who are prob- 
ably so far removed from the conditions 
of modern life and from any qualifica- 
tions for sharing it, that it is to be doubted 
whether adaptation is at all possible, with- 
out completing the destruction of what is 
left of them in the process. Fifty years of 
contact with the penal settlement in Port 
Blair has already reduced their numbers 
from over three thousand to a mere 450. 
A strict isolation is probably their only 
chance of survival, and they really ought to 


be preserved from extinction if only as 
scientific specimens of a type of human 
being elsewhere long vanished from the face 
of the earth. 

Finally, anthropology like any other 
science is worth pursuit for the sake of 
knowledge alone. Great advances have been 
made in those sciences which give us know- 
ledge of our environment. Geologists can 
tell us the composition and history of the 
earth and astronomers penetrate yearly 
further into space. Great advances have 
likewise been made in the sciences such as 
chemistry and physics which give us control 
over material substances and physical forces 
— but the merest beginning has been made in 
those sciences which give us knowledge of 
ourselves, a knowledge without which we can 
never hope to control the destiny of our race. 
The science of anthropology is the first step 
towards the acquisition of such knowledge. 
It has taken man about a million years, to 
reach his present state of existence, and Sir 
James Jeans estimates that the earth will 
remain habitable for a million times that 
period again. What the human race will be 
like if it survive to such an seon, is clearly 
beyond the imagination of man, but one 
thing may be taken as certain and, that is, 
that will need all the knowledge it can have 
of its past and its present, of its nature and 
composition, and of the controls, if there be 
any, of its own development, if it is to 
succeed in adapting itself to the changes 
inevitable in so great a period of time. It is 
impossible to say what trifle may not lead to 
important discoveries, or that knowledge of 
no practical value to one generation may not 
be invaluable to the next. Meanwhile much 
material of great importance to anthropolo- 
gists is disappearing all too rapidly, and we 
must search for knowledge and for truth 
while there is yet time. A philosopher of old 
has told us that Truth is great and shall 
prevail. Gentlemen, that philosoper was 
very clearly one great optimist, but even 
though we may see small sign of the preva- 
lence of Truth in our generation it is all the 
more our duty as scientists to do all that in 
us lies to make her paths straight. 
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Sectional Addresses. 


AGRKaTLTUIiE. 

: Or. ¥. J. F. Shaw, D.Sc.. A.Pt.C.S., 

F.L.S. 

I^^OIAN AGRICULTURE AND PLANT BREEDING. 

Ar.-x-fioucai innch valuable work has already 
done on breedinc; for increased yields and 
in- roved (luality, voi*y^ little systematic work 
yet been conducted in India on breeding for 
stance to disease. This is a very important 
lit 1.0 of work and woidd require the careful atten- 
^’i<>"rx ot: jilant brooders in the future. 

O lie of the recent successes achieved at Pusa 
Llie production of now types of rahar (Pigeon 
I — Cdjcnus hidiriis) that Avould insist the wilt 

<lit~^onse caused by Fusarluni. The resistant 
i^yl^rids are rather unique in that they possess 
tdio same morphological characteristics as the 
which is susceptible to disease. The yield 
n-rxcl the (juality of wlieat have been greatly 
i Hr i.jp roved by tlie work of the Howards at Pusa, 
1)1113 the problem of making it resistant to disease 
Ik awaiting solution. There is perhaps no crop ’ 

it"!. Jndia wliich suffers such heavy and consistent 
lofcss as wheat does from rust. A comprehensive 
f^<"li.eme of work has themfore been undertaken 
the Imperial Agricultural Department and 
it* is ]\o]>cd that fruitful results will soon be 
<)L>Ha,inod. Extensive investigations have been 
<^i\.x*x*icd out on linseed with the object of produc- 
i a white or yellow seed of high oil content 

{xu-xcl. good yielding power. The results already 
c^lbLained are not only of much, practical interest 
l>vxL are also of considerable scientific value. 

1 ^oliato is another economic crop on which much 
H y^tematic work has yet to be done for improving 
I'osistance to insect attack as also to fungus and 
vix*x.is diseases. On tlie plains there is consider- 
i\.“k>le loss tlirough fungus and bacterial diseases. 

problem of storage has also nob been solved 
.s^xLisfactorily. The varieties become degenerat- 
ive! and fresh seeds have to be obtained from 
iJ rrxo to time from the hills. On the hills, the 
iM.'op is liable to blight from which the plants on 
Ll io plains are generally free. Work has recently 
l^ocen undertaken at Pusa to study the distribu- 
tion of different vaiieties of potato in India ; 
to procure new varieties from South America 
iiunLi! to cross them with the best Indian varieties 
Con securing immunity or high resistance to 
l:>light, fungus and virus diseases ; and to study 
tl.TLe factors influencing flowering and fruit develop- 
T rxont as also those which, might lead to the break- 
ixxgf of dormancy in the tuber. The most impor- 
t^xit achievement in the breeding of cane is the 
BO.ocess achieved, by Rao Bahadur T. S. Venkata- 
i‘?A.xnan and his colleagues in bringing about 
ji^Ltergeneric cross between sugarcane and 
Bonghum. Although it is premature to forecast 
L!xo practical significance of that work, it would 
yo-b appear that one of the crosses (CO 352) 
pears very promising, ripening in six to seven 
rxixonths and maintaining its juice for another 
•fclxj’ee months. 

The physical mechanism of heredity lies in the 
o oil and its chromosomes and a wealth of material 
ai^waits the investigator who can ‘ study the 
.•nULxnerous crops which have been and are now 
3xx1bject to genetical research in India. The 
O ontral Agricultural Research Station which 


will soon be developed at Delhi wiU have a cyto- 
logical section attached to it, but there is so 
much of work to be done that it may be hoped 
that the different Universities in India will also 
take active interest in tliat line of research and 
thus form fruitful link with the workers on the 
field. 

There is a limit, however, to the extent to which 
the breeder can improve crop yield. The general 
soil fertility would be the limiting factor and it is 
necessary that if we are to obtain high yields of 
crops, we should also improve our methods of 
cultivation. The labours of 'the workers in the 
different branches of science are equally important 
in the advancement of the oldest and the most 
important industry in India. 

:»: * s)« 

Physics and Mathematics. 

President : Dr. N. R. Sen, D.Sc., Ph.D. 

THE DEVELOPMENT OF MODERN 
THEORETICAL PHYSICS AND ITS LIMITATIONS. 


A COMPARISON of the physical ideas of the days of 
Galileo and Newton and later of Laplace, Poisson, 
Coulomb, Oersted, Gauss and \Yeber on the one 
hand, and the modern microphysics with its 
Wilson chamber, quantum jumps, electronic phase 
wave and uncertainty relation on the other, shows 
that the construction of a bridge across the gap 
between them is well nigh impossible; all the 
same, there is a continuity between the old and 
the new. Thus in the newest Wave Mechanics 
the dynamical forms of Hamiltonian mechanics 
are preserved, while the Correspondence Principle 
of Bohr was avowedly an attempt to preserve 
some of the aspects of the older theory such as 
were not in contradiction with experiment. 

In Newtonian mechanics the Laws of Motion 
and the Law of Universal Gravitation were the two 


central points which, however, had no interconnec- 
tion and the equality of gravitational and inertial 
mass was only accidental. The Theory of Relati- 
vitv, on the other hand, saw a unifying principle in 
this equality and developed a new Theory of Gra- 
vitation. Before this theory came, the science of 
mechanics ruled men’s outlook on the external 
world, and attained a highly developed state at 
the hands of Lagrange, Hamilton and Jacobi. 
Another forerunner of the Theory of Relativity 
was the science of Electrodynamics. Maxwell’s 
Field Equations, receiving a beautiful confirmation 
at the hands of Hertz, culminated in the advent of 
the Electron Theory of Lorentz, thus providing 
an Electrical Theory of matter while an earlier 
generation had sought to develop a mechamcal 
theory of electromagnetism. ^ 

Summing up, the field theory succeeded in 
necting electromagnetism with optics, ^ generally 
identified the electron as a fundamental ingredient 
of matter and furnished a theory of Radiation 
which, apart from the question of the production 
of radiation and the distribution ^ energy 
in it, was found quite satisfactory. But there 
were a number of difficulties such as the 
constitution of the ether and, a theory of the 
electron. The electron was found to require an 
infinite energy-content if it was thougut of as a 
point charge, while when it was thought to have a 
definite radius, its energy and momentum did not 



Xll 


CURRENT SCIENCE 


[January 1935 


satisfy the usual relation between momentum and 
energy so that a part of its energy liad to be 
thought of as non-electromagnetic. Poincaie also 
showed that a definite meehanical pressure on its 
surface was necessary if it were not to blow up. 

While the laws of mechanics are invariant with 
respect to a Galilei transformation, the field 
equations of Maxwell are so only with respect to 
the Lorentz transformation. The Theory of 
Itelativity was led to the validity of the Lorentz 
transformation even in moclianics by considering 
til at time was also relative, and when the mathe- 
matical formulation of tliis was developed by 
Minkowski it was found that space and time were 
different aspects of one entity space-time. The 
successes of this theory led physicists to require 
invariance under the Lorentz transformation as 
tlie criteiion of a correctly formulated natural 
law. 

The Field Theory was found quite inadequate 
to explain the structure of (he atom and its 
radiative properties. The existence of a line 
spectrum was incompatible with a stable atom 
if the radiation was supposed due to an accele- 
rated electron. The sharp limit of the continuous 
spectrum of an X-ray tube, the dependence of 
the velocity of photo-electrons on the frequency 
of the incident light and the distribution of 
energy in the spectrum of a black body were each 
one "^of them in contradiction with the Field 
Theory and were explained only when the Quan- 
tum Tlieory was introduced. Tlie most fruitful 
application of the quantum hypothesis was made 
by Bohr in his explanation of the emission of 
line spectra by stable atoms. His assumption 
of discrete energy states was confirmed by the 
experiments of Franck and Hertz, while his 
theory of spectra was extended and an explana- 
tion of the fine structure of optical and X-ray 
doublets and of the Zeeman effect was given by 
Sommerfeld. Tn all this work the meclianics of 
Hamilton and Jacobi was employed but an 
ad hoc quantum condition was super-imposed. 

Heisenberg started with the object of excluding 
all unobserved quantities from the tlieory and 
was led to his Matrix Mechanics which removed 
a number of difficulties in the old Quantum 
Theory and dispensed \v ith the ad hoc introduction 
of quantum conditions. The hypothesis of 
Uhlenbeck and Goudsmit that the electron has 

a spin moment of and a magnetic moment 

ch 

due to this spin, together with Pauli’s 

477mc 

exclusion principle that no two electrons can 
have the same set of quantum numbers, led to an 
explanation of fine structure, the periodic table 
and the anomalous Zeeman effect. The quantum 
mechanics makes use of non-commutative algebra 
and Dirac considered two types of numbers, the 
ordinary .scalar number.s called c numbers and 
the quantum numbers or q numbers whicli are 
subject to special rules of calculation. 

Very different in appearance but identical in 
tlie final results was the Wave Mechanics of 
Schrodinger which was based on de Broglie’s idea 
that matter particles are associated with waves— an 
idea fully confirmed by the experiments of Davis- 
son and Germer and of G. P. Thompson. Schio- 
dinger’s method is that of differential equations 
and eigenwert problems ; the possible energies of 


; the discrete states of the atom correspond to the 
j eigenwerts of a differentia] equation which is really 
a wave-equation. Though this appears to estab- 
lish a connection with the continuous theory, the 
later interpretation of the ?//-function leads to 
very different results. While in Classical and 
Einstein’s Mechanics the position and momentum 
of a particle are quite determinate and any subse- 
quent state can be predicted from the initial state, 
the dynamical variables in the new Wave Mecha- 
nics have no definite values but only a number of 
possible values with a certain probability for every 
one of them. Accordingly, the wave phenomenon 
associated with the probable values of dynamical 
variables has been called a Probability Wave. 

This indeterminism is intimately connected with 
the uncertainty principle of Heisenberg according 
to which the errors Ap and A <7 in the measure- 
ment of the simultanecms values of the momentum 
and position of a particle are such that Ap. Hq is 
at least equal to li which is Planck’s constant. 
This impossibility of reaching accuracy in both 
position and momentum coordinates is due to the 
fact that the phjusical process of measurement best 
suited for a determination of one of these intro- 
duces an unknown alteration in the value of the 
other. This is often described as a breakdown of 
the Causal Principle and has led to much discus- 
sion. While a Law of Nature states what parti- 
cular event belongs to a given cause as its effect, 
the Principle of Causality states that a definite 
cause will have a definite effect. In the opinion of 
Planck who is a staunch supporter of Causality, an 
event is subject to Causality when it can be 
predicted with certainty. But infallible prediction 
is not possible in any case so that Causality lias 
to be defined in a different way. Tn order to 
avoid the uncertainties inherent in every measure- 
ment the laws of Nature are supposed to hold 
exactly in an ideal world and the translation from 
such thought processes to the world of sense 
perceptions is supposed to be the origin of the 
uncertainty. But in quantum physics even this 
ideal process is shown to bo subject to uncertainty. 
Accordingly Planck imagines a “ Geist” who can 
perceive all details and can make certain predic- 
tions. Summing up, he says, that Causality is 
neither true nor false, but is a sort of lieuristic 
principle which science must use in order to obtain 
fruitful results. 

Schrodinger’s non-relativistic w^ave equation 
with one wave function succeeded in reobtainiug 
all the previous results in the one electron problem 
and in setting up a theory of dispersion and 
scattering. But the fine structure of alkali atoms 
came out wrong and there was no counterpart of 
the idea of spin. Besides, it was not invariant 
under the Lorentz transfoiination. Pauli in 1927 
introduced two wave functions to correspond to 

the two values of the spin ± Dirac showed 

4:77 

that using four wave functions the equation for 
the electron can be set up so as to have Lorentz 
invariance. The essential features of this theory 
are a current density vector satisfying the conser- 
vation principle and the existence of spin and 
magnetic moments of the electron. 

Dirac al.so gave a theory of the radiation field. 
Since then attempts have been made to build up 
a quantum electrodynamics. The theory of 
Heisenberg and Pauli gives the classical results 
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but the self-energy of the electron comes out as 
infinite. The same difficulty occurs in a theory 
due to Dirac. The attempts of Klein and Jordan 
were also unsuccessful and Oppenlieimer was able 
to sliow that tlie energy of interaction between 
radiation and the free electron also tends to 
infinity. Dirac’s theory contained another 
difficulty, viz., the existence of negative energy 
states. Tliese were shown to be essential to the 
theory as when the Klein-Nishina formula is 
deduced therefrom. An attempt by Schrodinger 
to eliminate the negative energy states had to 
sacrifice the Lorentz invariance of Dirac’s equation. 
Another difficulty is the conclusion reached by 
Klein that electrons of kinetic energy E, when 
they meet a potential barrier such that 
eV > nioC- hE, can still pass through and turn up on 
the other side in the negative energy state. 
Sauter sliowed tliat an electron passes into the 
negative energy state if the potential changes by 

within a distance , — - — = 1*6x10“^^ cm. 

e 4.7rWoC 

The radius of the nucleus being less than this, 
electrons, if they can exist inside the nucleus, do 
not satisfy Dirac’s equation. Dirac has sought to 
overcome the difficulties of the negative energy 
states by assuming that they are almost all occupied 
and that an unoccupied hole behaves as a positive 
charge and that when an electron falls into 
such a hole, it will dematerialise and give 
rise to two quanta. Even in this theory 
the self-energy of the electron is infinite and Dirac 
has made an attempt to overcome this difficulty 
by breaking up his operators into two p.arts and 
requiring that tlie part which leads to infinite 
self-energy should be omitted afterwards. But 
the principles of the conservation of energy and 
momentum break down in this theory as pointed 
out by Furry and Oppenlieimer who also show' 
that the theory is applicable so long as frequencies 
of the order of or lengths of the order of 

e-jmc- (radius of the electron) are not involved. 

Another difficulty connected w'ith the New' 
Mechanics is that the loss of energy of electrons 
of initial energy 300 X 10® cV on passage through a 
centimetre of lead comes out from Bothe and 
Heitler’s theory after all corrections have been 
made to be at least four and a half times the value 
found experimentally by Anderson. Thoiigli 
Dirac’s theory is relativistic, the time appears in 
it in a different way from the space coordinates. 
A further diffivculty of a fundamental nature 
pointed out by Landau and Peierls is that accord- 
ing to their calculation the uncertainty in tlie 


measurement of an electric field E is AE>7-^^^4 to 

(cAD- 

and the idea of a photon itself is somewhat 
illusory. These difficulties still await an expla- 
nation. 

Nuclear physics has advanced largely in recent 
years on account of the discovery of the neutron, 
the deuton and deuterium and the positron. 
Theorists have been confronted with a determi- 
nation of the structure of the neutron. The view 
that it is made up of a proton and an electron 
leads to difficulties as also the view that it is a 
fundamental particle and that a proton is made up 
of a neutron and a positron. In the former case 
the fact that there is no solution to the wave 
equation with an orbit less than the first Bohr 
orbit presents a great difficulty, in the latter the 


positron wall have to be assumed to have no spin 
and then the annihilation of an electron and a 
positron becomes unintelligible. 

In all calculations regarding the conversion of 
one nucleus into another by bombardment and 
emission of particles the laws of conservation of 
energy and momentum and tlie .Relativity princi- 
ple of tlie mass equivalent of an energy E being 
E/c- have all been found to hold. Only in the 
case of ^-disintegration there seems to be a 
violation of the energy principle in individual 
elementary processes. Bolir has pointed out that 
although the energy princifde may he taken to be 
statistically valid, even then there will be diffi- 
culties. Pauli lia,s tried to remove these difficul- 
ties by assuming tlie existence of neutrinos which, 
how'cver, have not yet been observed. 

RegariUng- Corpuscular and Field Theories of 
matter, Einstein and otlier eminent philosophers 
believe that a single field theory can account for 
all the facts. The first success of tlie general 
Theory of Relativity was the unification of the 
laws of motion and gravitation. Weyl and 
Eddington then tried to unite electi'omagnetism 
and gravitation in a unified field theory. Kaluza 
w'as able to do this by introducing a fifth dimen- 
sion which, however, does not correspond to any- 
thing in physical nature. Einstein and Meyer 
have tried to develop a four dimensional unified 
field theory on the basis of the w'ork of Kaluza. 
Einstein tried to explain the existence of a particle 
such as the electron in terms of his field theory 
but though he succeeded p.artly in doing so, his 
theory piredicted the existence of electrons 
wdth all possible charges contrary to experience. 
The new'cst attempt in this direction is that of 
Born and Inf eld w'ho have revived a theory due to 
Mio in an improved form, and the existence of a 
point electron wfibli finite energy has been found 
to be consistent with tlie theory. The success of 
tliis tlioory has been large and one awniits its 
extension 'to include quantum phenomena. On 
the other hand, there are physicists who believe 
that quantum phenomena cannot be brought into 
harmony with a continuous field theory and are 
trying to develop a quantum electrodynamics. 
The future alone can decide wdiich of these ideas 
is going to give us a key to the secret of Nature. 

♦ He Jls 

Chemistry. 

President : Dr. A. C. SiRCAR, M.A., Ph.D. 

RECENT WORK ON THE HIGHER COAL TAR 

HYDROCARBONS. 

In his Presidential Address, Dr. Sircar gives a 
review of recent work on higher coal tar hydro- 
carbons especially acenaphthene, fluorene and 
phenanthrene. The discovery of a number of 
commercially important dyes among derivatives 
of acenaphthene has stimulated research in this 
group, in the benzene and naphthalene series, 
numerous products which have got any technical 
application as dyes, drugs, etc., a.re all substituted 
derivatives whereas in the case of the liigher .coal 
tar hydrocarbons, the quinones and their deriva- 
tives are of more value. The halogenated ace- 
naiDhthenes can be oxidised to the corresponding 
acenaphthenequinones which give rise to valuable 
dyestuffs. The most important dyes in this 
series are probably the vat dyes obtained by the 
condensation of acenaphthenequinone with 


XIV 


CURRENT SCIENCE 


IJANl'ARY l‘)3 


hydroxytliioniiplit-lieuo a-nd i*c‘lai(‘d c<)in]K>iinds 
wliich fire used for dyeiug' eottou or wool 
yellowisli red to greyish bliie-k slifidcis of exti'cune 
fastness. Wlicn lialogens ai*e introdiuuHl iiito 
tlie acenaphthene uucleus an added <il‘Iinity for 
cotton togetlier with light fastness and intensity 
is developed. Sircar and llajgopfilan {J . Jnd, 
Chein. Soc., 19d2, 9, (illO) have obtfuncul nunieroxis 
vat dyes by condensing acenaphtlienone witli 
aromatic aJdeliydes, tlius extending the work of 
Graebe and Jecjuier {Ann., 290, 19.5). Sircar 
and Guha (J. C. ' S., 1924, 39.5) have described 
the azines obtained by condensfition of acenapli- 
thenequinone with oithodianunes which dye 
wool in brownish yellow to greenisli black shades, 
and also oxazoles and iminoazoles obtained by 
condensation with aromatic aldehydes. On fin 
examination of the constitutional foj'mula^ of 
the ()19 important azo dyestuffs, it was found 
that most of them contained sulphonic fund 
groups which tliough having no effect on colour, 
enhance the solubility and help in the d<‘,v{‘lop- 
nient of even shades on textiles. It is possihh) 
that a thorough investigation of the mono- and 
poly-sulphonic acid derivatives of amino hydroxy 
acenaplithenes may yield vfiluable azo colouring 
matters. The poly-nitro derivatives of hydroxy 
acenaplithenes may also be found to be as useful 
as polynitronaplithols employed for colouring 
soaps, spirit varnishes and foodstuffs. 

Fhiorene (Ci.Jlio) occurs in the fraction of coal 
tar boiling at 300-340° C. Its methylene group 
in 9 position is remarkably active and a iai*ge 
number of dorivative.s have been obtained througli 
this i:)osition. Holliday and Hodgkinson {ILL*., 
1884, 3730) prepared hydroxyfluorene by alkfdi 
fusion of monosulphonic acid and described some 
azodyes. The tetra-azo compounds from 2 : 7 
diaminofluoi'ene and its derivatives couple witli 
phenols and amines giving dyes whicli can b(‘, 
utilised for dyeing cotton but have, how<wer, 
achieved no commercial importance. 

Little is known of the possible quinoncs derivabhi 
from fluorene. Fluorenone and its deriva.tiv(‘s oli- 
tained by oxidation of fluorene, afford a good li(4d 
for research and until recently no dyestuff had 
been repared from liuorenone (./. Ani. Chein. 
Soc., 1923, 45, 3071). Sircar and his co-workers 
obtained fluorenone azomethines fj‘om 2-a.min() 
fluorene and aromatic aldcliydes wliic4i though 
fairly deeply coloured were not suitable for 
dyeing. An attempt to prepare vat dyes fi’om 
2-amino fluorenone and dibasic acid chloi*id(‘s 
also i^roved unsuccessful as the resulting fluoren- 
oxylamides could not be made to yield soluble 
vats witli hydrosulphite. Tliough satisfactory 
methods liave been worked up for separation of 
fluorene in bulk from coal tar, no large -scah^ 
commercial use for the same has so far hccii 
developed. As with acenaphthene and anthra.- 
cene, more interesting results have been obtained 
from the quinone of plienanthrene than from the 
parent hydrocarbon. A considerable amount 
of imi^ortant work on dyes from phenanthra- 
quinonc is due to the late I)r. E. It. \Vatson and 
his school. They prepared polyhydi’oxy-, nitro-, 
and bromo-phenanthra-quinones, phenantbra- 
phenazines but found their dyeing properties to bo 
not very satisfactory. The anilinophenanthra- 
quinones prepared by them produced dark-blue, 
green or black shades on wool. Their attempts 
to prepare vat dyes from this quinone were not 
successful. W^atson and later Sircar described 


niuiU‘rous ayi<)(ly<‘s fi’oin plHUia.uIhraquiiKuio whir 
were found to b(‘ mordant. dyi‘s(idTs givii 
brown t.o viohd. sha.d<‘s. TIh‘ azotuid him* dv' 
from plH‘na.nl-}u‘a,(|ui none w(‘r<‘ not. found t<» 1 
sa.t.isfa,ct.ory for dy<‘ing. ddu* eoloui* d(‘vel()jH*d i 
tlu^ lib!*(‘ by aT»irnioi>fi<‘nanthi’aimina7.oI<‘s w 
found to b(‘ infhu‘n(‘(‘d by the piysition of t: 
a.nilino group, sluuh's ranging even np to blui: 
black l)(‘ing obtaina.hU*. I )ut t. {Her., 1933, i 
122()) has r(‘c-(‘ntly i)r(‘(>ar(*(l a. numlM*r of imligo 
va.t. dy(‘s by comh'nsa.tion with hvairoxyfhi 
na.phth(‘n(‘s giving ))lu(‘ to gr(‘cnish bhu* dyes. 

Tliough a. la !‘g(‘ numb(*r of pliciu-int ln‘a(|uiu<i: 
derivat'ivi's ba.vc* b(‘(‘n dt‘serilH‘d \a‘ry few 
tluan ha.v<‘ as y<‘t. attained any commeiH’i 
importa,nc(‘. Att(‘ntion is di-a-wn t.o th<* physi 
logical and t Ii(*rai)(‘iit ic importance of t he phena 
thr(‘n(‘ nucl<‘iis as shown hy its occurrem’e 
th(^ morjihiiu* group of alkaloids, in t in* sti'ro 
th(* hih* acids a.nd ev(‘n sonu* of tin* hormones, 

High t.(‘mp(‘ra.t.iii‘<‘ carbonization of <‘o.*il is t 
main source* of t.h(*s(* higlit*!* coal tar h\di 
(airhons. Ih*. Sii*<*a,i‘ consid<*r's Ihert* is no r<*.as( 
to b(* (li.scoui*ag(*d if a. continu(‘d supply of the 
pi‘()(luct-s is t.hr<‘a.t <‘n(*d by a. g<*n(*ral adoption 
low t.emp(‘ra.t.ur<* <*a.i’honi‘/ation. Ih* <*oju’hnl 
Ids a.d(lr(‘ss with a.n optimistic note t hat- in c.a 
of scaritit.y tlu* inv(*ntlve genius of tin* t<*ehni<' 
cli<‘mist will f)r*oduc<‘ th(*S(‘ compounds on 

commercial scah* (‘inploying synt.lH*tie nietlio 
alr(*a.dy known, as has h(‘(‘n dom* I’cei'iitly in t; 
ca.si‘ of a.nt hraipdnom* a.nd nu*t.hvla.nt hra(pdnori 
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I*rr.<tUlvnl : Diwan Anand Kpmau, M.A. 

SPICULES AND CLASSIFICATION OK 
TETRAXONIDA. 

As <‘a.rly a,s l!)t)l), Minchin chissilh'd the [>hylu 
Porif(‘ra. (spong<*s) into ( \'il<*/ir<*a., Ilexaelinellit 
a.nd 1 )(*mospongia. and of thi* four .snb-class 
uiuUm* I )(‘mospongia., d’etraxonida. forms an in 
port.a.nt. oru*. h'ivi* y(*ni'S lat<‘i’, Dendy divid<‘d t) 
non-(^alca,r(*a. into I ord(‘rs, r/.r., M y xosponghh 
Tria.xoidda. ( 1 l(‘Xact.in<‘ll!da.), 'r(‘traxonida ai 
Euc<‘ra.t.osa.. ’’rin* a<ldr(‘ss h(‘for(* the Zoolof, 
s(‘ct-ion is a. (‘hronologicnl a.erount. of the spient 
a.nd cla.ssifliait.ion of om* of llu'Si* imjiortant ordc 
of non-c.a!e.ar(‘a,, nnni<‘ly. Tot raxonida, w'here tl 
fun(la.m{‘nt.al phin of tla* spii'uh* is t<*lrjiKon 
a, ml t-(‘t-ra.ct.in(‘irul. ’’riu* lea.i*iH‘(l pr('si<li'rd <*lain 
a. ('(‘i't.a.in a.moimt/ of fa.milia.rily wilb the siihjci 
though h(^ right. ly point s out. t luit. <‘Vi*n lu*ri‘ 1 
<‘a,n oidy Hp(‘a.k a.H a. ))(‘rson, who has gatht're 
information fi’om dirf(*r(*nt H<)urc<‘S, !*at.ln‘r t ha 
a.s om* with a.ny a.uthorit y.” d’h<* spieule.s of 1 1: 

t(*l.raxonid Hpong(‘s a.r(* usually t.i’(*at<'d umh 
2 ca.t.i‘gori(*s m<‘ga.S(der(* a.nd microMt*lere. 33) 
former an* skeh'tal in na.turi* whih* the latter li 
Hcal't(n(*d in t he H< »ft.(‘r part-s ami aeeoi’ding tt>SolLi 
th(darg<*r forms a,r<‘ (l(*i*i vat i v<‘s of t in* mier(iseleT*< 
l)(*scrihing tin* I lomoseh'i’ophera., an (‘xhnustiv 
account, of tin* spi(ail<‘s is givi'u of Iht* t lire 
genera Phikina., Phikort-is and 1 )(‘reit<>psis. I 
the last g(*mis si)icul(*s wii.h 2-ra.ys upt.o p(*nt art. 
arc noticed- ddiis genus is possibly tin* pro 
gerdtor from which mori*. c.ompli(ta.t(‘d form 
must have ('!Vol\(*d. ddu* spi(‘.ul(^s in th 
specie.s of Plakinida* show variou.s eomhinn 
tions of forms of thosc^ met with in tin* above 
named primitive form a.nd. the nuiga and micro 
sclere.s become very prominent. Several formi 
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of tria^nes (mcluding some abermnt forms) of 
(liaot.inal tyjies are described. Under the 
microsclercs, the astrose and sigmatose types are 
birgcdy treated, giving a comprehensive account 
oi the variations that these may undergo. The 
aippeiU'a.n<ui of spines on these spicules is also 
UKuitioned. x\t the end the cla.ssification of tliis 
group according tovaiious authors is appended. 

u« * ♦ 

IBotany. 

Presidmd : Du, ,T. II-Mittor, M.A., B.Sc., Ph.U. 

FUNGOUS PLANT PATHOLOGY AND MYCOLOGY 
IN INDIA. 

In his Presidential Address to the Section of 
Hot-a.ny Dr. J. If. Mittor has given an exliaustive 
a,ccount of rnyoologdcal and plant pathological 
r-esc‘a.rcli in India. 

lie has traced the history of mycological work 
in India from 1825, which was mainly of the nature 
of collec.tions, to the iiresent day. The impetus 
t(> higher research in Plant Pathology in India 
may lie said to start with the investigations 
of Dr. K. .T. Butler, ‘‘ the real father of Mycology 
and Plant Pathology in India”. 

'The important role played by the Imperial 
Bc^seaach Institute, Pusa, with Dr. Butler as the 
fniperial Mycologist can be seen by the large 
nvuuber of valuable jmblications. In the course 
of bis address, Dr. Mitter has reviewed, more 
or h\ss in detail, the investigations carried out 
on Plant Pathology at the Imperial Agricedtural 
Institute, Pusa, and in the Provincial Agricul- 
tural, Dej^artments at Madras, Mysore, Baroda, 
Botnbay, Central Provinces, tlnitecl Provinces, 
Assam and the Punjab. The research work done 
by the Indian Tea Association and that by the 
Forv^st De]:)artments in India are mentioned in 
review. One feels that he might have included 
th(‘ very valuable contribution on Coffee B,esearcb 
made by the Scientific OlTicers of the United 
Planters’ Association, South India, at the Coffee. 
hlxpcTlrnont Stations at Siddapur and Bale- 
honmir. 

At present some of the Universities, viz., the 
thin jab, Agra, Allaliabad and Calcutta, have 
taken up research on fungi. In considering 
the future of Mycology in India, considerable 
stress is laid on the need for co-operation between 
Universities o^nd the Plant Pathologist, who has 
not always much time at his disposal to carry 
out the purely scientific work on the life history 
of the pathogen. 

He has also suggested that the sons of rich 
zamindars sliould take up to Plant Pathology 
not only as a hobby but to increase the yield 
from their land. 

Tliese valuable suggestions of Dr. Mitter in 
the interest of Plant Patliology in India, will 
find a wider application for many other problems 
of ag-ri cultural research. 

In conclusion, he has pointed out the desirabi- 
lity of establishing a bureau for stock cultures of 
fungi, and the publication of an up-to-date text- 
book on Mycology for India, 

»i« * He 


Geology. 

President: Dii. M. S. Krishnax, M.A., Ph.D., 
A.R.C.S., D.I.O. 

THE DHARWARS OF CHOTA NAGPUR— THEIR 
BEARING ON SOME PROBLEMS OF 
CORRELATION AND SEDIMENTATION. 

The Presidential Address to the Section of 
Geology by Dr. M. S. Krishnan of the Geological 
Survey of India deals with a subject of consider- 
able importance to Indian geologists, viz., the 
correlation of the rocks of the Dharwar system 
and a discussion of the origin of some types of 
rocks found therein. The Dharwars of Chota 
Nagpur are divided into three series : The lower 
‘ Metamorphic series ’ consists of much igneous 
and some sedimentary material, and is con- 
fined to South Singhbhum and the adjoining 
part of Keonjhar ; the middle ‘ Gangpur 
series ’ is characterised by manganese ores 
of the gonditc type and calcitic and dolo- 
mitic marbles; the upper * Iron-ore series’ is 
characterised by banded hfematite- jasper with 
associated iron ores and basic igneous rocks, 
mainly sills and flows. On the basis of this classi- 
fication, the Older Dharwars are to be looked for 
in the metamorphics of other parts of India. The 
Middle Dharwars comprise the Gangpur series of 
Bihar and Orissa, the khondalites and associated 
marbles and manganese ores of the Eastern Ghats 
region, tlie Sausar series, the Sonawani series and 
the lower part of the succession in Jubbulpore in 
the Central Provinces, the Aravallis and Cham- 
paners of Rajputana and western India, and the 
Sakarsanhalli rocks of Mysore. The Upper Dhar- 
wars will include the Iron-ore series of Singhbhum, 
the Chilpighat series of Bilaspur and Balaghat, the 
Sakoli series of Bhandara, the iron-ore-bearing 
rocks of Bastar, Chanda and Jubbulpore, and 
probably tlie greater part of the so-called Bijawars 
of Bihar. The Dharwars of Southern Bombay, 
Bellary, Mysore and Salem, in which typical iron- 
ore rocks occur, and possibly also the Delhi System 
of Rajputana, are to be included here. A concise 
description of the rocks of Bihar and Orissa and 
Central Provinces is followed by a discussion and 
a tabular statement giving the correlation suggest- 
ed above. . . 

The latter part of the address concerns itself 
with the description of the chief characters and a 
discussion of the mode of origin of a few types of 
rocks— -the marbles, carbonaceous phyilites, 
manganiferous rocks and the banded ironstones. 
The marbles, which are to a large extent dolomitic, 
are regarded as chemical precipitates, but pri- 
mitive organisms may have aided their formation. 
The Carbonaceous phyilites are held to be 
ordinary sediments, whose carbon content was 
derived from early organic matter, and not from 
a volcanic source. Similar carbonaceous rocks 
are found in the Salkhalas and Jutoghs of the 
Himalaya, and the Chaung Magyis and Alerguis 
of Burma, the carbon content of ad tliese^ being 
attributable to organic and not volcanic origin. 

The manganiferous rocks comprise two types. 
The older gondite type is primary and the younger 
Iron-ore series type is secondary, as shown by 
Dr. Permor in his well-known work on the 
manganese ores of India. These two types also 
j occur in other parts of the world, and when both 
1 are found in the same region, as in Brazil, the 
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older which is also richer in manganese than iron, 
is of the gondite type. 

The banded iron-ore rocks are briefly described 
and their constituents are held to be essentially 
the products of weathering under the conditions 
existing in the Pre-Cambrian era. The iron content 
cannot be regarded as of volcanic origin especially 
as tlie period of volcanism lias been shown to be 
later than the period of their deposition. The 
carbonate and oxide facies of the deposition of 
manganese and iron oi’es have been controlled by 
physico-chemical conditions, among which the 
relative abundance of oxygen and carbon dioxide 
in the areas of deposition has played an important 
part- It is also suggested that tlie magnetite- 
quartz-schists of Mysore are of sedimentary origin 
and not igneous as held by the Mysore geologists. 

^ ^ ^ 

Medical and Veterinary Pesearch. 

President: Major K. R. K. Iyengar, M.D., 
I.M.8. 

RABIES. 

Rabies has been known to mankind for over 2003 
years. A considerable amount of time has been 
devoted to work in connection with rabies, but 
little of immediate value has been ascertained. All 
attempts to cultivate the organism artiOcially 
have failed, and all efforts to prepare serum and 
devise more efficacious means of prophylactic 
treatment than those in general use now have 
ended in disappointment. Until the organism has 
been cultivated artificially, it will not be possible 
to improve greatly upon tlie somewhat crude 
method whicli is now employed. All future 
research work on rabies should concentrate on 
the identification of the virus and its growth on 
artificial media. Once this is done, the necessity 
for so many Pasteur Institutes in India will not 
exist. One x\ll-India Pasteur Institute, whose 
functions would be to manufacture the vaccine 
and to carry out research work, would be sufficient. 

Last year, work was carried out at the Pasteur 
Institute, Coonoor, in order to find out the 
electric charge carried by the rabies virus and the 
method adopted for this purpose involved the use 
of electrophoresis. The experiments consisted in 
passing a 4-milliampere current through a .5 per 
cent, suspension of infected rabbit brain in sheep 
serum, and, after a time, samples collected at 
each of the poles were subjected to appropriate 
biological tests. It was found that the contents 
of the positive cell produced rabies on subdural 
inoculation to rabbits, while the contents of the 
negative cell did not. This clearly proves that 
the rabies virus is electro-negatively charged and 
migrates towards the positive pole, witliin certain 
limits of pH. 

In view of the great difference of the virus- 
content of the different parts of tlie brain, the 
vaccine as used now can only be taken as a crude 
one. Now that we know that the virus has an 
electro-negative charge, we can isolate the virus 
in a pure form at the positive pole, thereby getting 
rid of the tissue proteins. This may be the means 
of preparing a more highly concentrated anti-rabic 
vaccine than has hitherto been possible. Farther 
experiments as to the antigenic value of this 
vaccine as compared with that of the crude 
vaccine are in progress. 


We have also found that the vaccine can be 
•sterilized by exposure for 10 minutes to radiation 
from a quartz mercury lamp and the antigenic 
value of the vaccine so inactivated has in no way 
deteriorated. A mercury vapour lamp gives 
radiation of wave-length from 6500 A. U. to very 
nearly 1800 A. U., and there is evidence that the 
shorter wave-lengths of light, such as ultra-violet 
4000 to 1800 A. U. are highly inactivating. This 
method of sterilizing the vaccine is a great 
advance on the present methods adopted by the 
use of chemicals, such as carbolic acid and 
formalin. 

By far the largest proportion of persons who 
come to anti-rabic institutes for treatment have 
been bitten by dogs. Dogs must, therefore, be 
regarded as the chief agents in producing 
mortality from hydrophobia in man. .Jackals 
inflict about 5 per cent, of the bites ; cats a 
still smaller proportion : whilst other animals 
may be left out of consideration. If rabies 
amongst dogs were to be practically eliminated, 
not only would the greater number of deatl^s 
from hydrophobia in man be prevented, but also 
a largo number of cattle and domestic animals 
would be saved. Stray dogs, when rabid, set 
up foci of infection here, there and everywhere', 
until they succumb to the disease. 

It will not ■ be possible to suppress rabies 
completely in a country like ours within a reason- 
able number of years, but it can be controlled 
sufficiently to reduce the annual mortality to a.n 
almost negligible quantity. B.abies primarily is 
a disease of dogs ; only occasionally is it cony 
municated to other animals and to man. It is 
a wrong proce lure to treat cases as they arise 
and to take no steps whatever to control the 
dog population. Many anti-rabic institutes have 
been established for curative purposes, while 
preventive measures have been neglected. This 
is wrong in principle. Steps should be taken 
to deal with the disease at its source. 

In Germany, rabies has been so successfully 
controlled that it is now regarded as entirely a 
frontier disease, that is to say, every case in man 
and animals can be traced to an importation, 
and rigorous preventive measures are promptly 
taken. In Australia, rabies is now unknowm. 
In the Britisli Isles, the muzzling order was 
introduced, followed by the quarantine of all 
imported dogs, and this has resulted in the 
eradication of the disease within a few years. 
At the time there was a public outcry against 
these orders, but yet the end justified the means, 
and persistence was crowned with .success. 

To control rabies, dogs must be controlled, 
and if any class or individual is beyond control, 

I they must be gradually eliminated and not 
allowed again to come into existence. In this 
endeavour the State, and the public are inter(‘sted 
and earnest co-operation is necessary on all sides, 
if anything is to be achieved in the way of 
regulating the dog nuisance and the danger from 
rabies. Any scheme to be effective must have 
the hearty co-operation of all the authorities 
concerned. It would scarcely be worth while 
to attempt any measures of control, unless they 
were adopted universally in the land. All dogs 
which have no real owner who will accept any 
responsibility for them, are under no control 
and they must all be destroyed. There is a 
very large class of dogs which are attached to no 
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SUPPLEMENT TO “CURRENT SCIENCE”. 


Reviews. 


''riiK Thkory of Unemployment. By 
A. 0. Pio-ou, M.A. (Macmillan & Go. 1933. 
Pp. 319.) Price. ITi.v. net. 

In a brief study of the problem of un- 
employment published in the Home Uni- 
v'cu'sity Library Series about two decades 
‘<h^o, l'rof(‘Ssor Pio‘ou had examined the 
broad ec.onomic factors w'hich govern the 
e.ausation of uneniployment, and discussed 
itJs remedies and palliatives. His main 
(‘-onclusions w'-ere firstly, that even in a 
stationary industrial state unemployment 
would be a necessary result, if the wage- 
riit(s instead of being left to be adjusted 
l)y the free play of economic forces, is forced 
up either by collective bargaining through 
Trade Unions, or by humanitarian or legal 
<*.<)in])ulsion in favour of a minimum wage ; 
a.nd secondly, that in the. non-stationary 
<*onditions of real life, the rigidity of the 
w'a.g(^-rate, tlu^. impediments to tlie nobility 
of labour, and the fluctuations in the demand 
for labour operate as additional causes for 
t.h(‘ f)ro(luction of unemployment. 

''rh(‘ presimt volume deals with the same 
f)r()bl(un in a much more thorough and 
Hidcmliilic manner, witli a definite aim at 
Huch completeness as can be attained in 
tdi(‘ |)res(mt stage of knowh^ige, and with 
adl tlu^ precision and careful analysis which 
Htiuhuits of (economic scien(*.e have learnt 
to associate witli the name of Professor 
I^ig’ou. The various types of causes and 
ot*.<)n()mic situations ndevant to the amount 
<> f unemployment are ]mv. systcunatically 
cdaBsified and listed, and in the investiga- 
tion of each the analysis is sought to be 
pressed to the farthest feasible point. This 
iww book must therefore be welcomed, 
not only for its great disciplinary value to 
Idle advanced student, but as a classic 
nch ievement wdiich extends considerably 
the limits of economic analysis, and furnishes 
a. basis and a scaffolding for future work. 

It is also a matter for congratulation that 
I^rof. Pigou has definitely decided in this 
new book to adoi)t mathematical analysis 
its the avowed instrument of economic 
investigation ; indeed considering the nature 
of the subject-matter and the intricacy 
of the analysis, any decision to the contrary 
would have been inconceivable. Prof. 


Marshall, the predecessor of Prof. Pigou in 
the Cambridge Chair, in his Principles of 
Beonoynies — and we may add, Prof. Pigou 
himself in his Econonnes of Welfare — created 
the fashion of dressing up x)rivate mathema- 
tical reasoning into elaborate non-mathe- 
matical language for the edification of the 
public. The clear advantage in discarding 
this pretence (“ Cotton- wool ", as the author 
aptly terms it in the Introduction) is that 
the certitude and clarity in the mind of the 
writer is communicated directly and without 
hindrance to the reader. One recalls in 
this connection the controversies about the 
applicability of mathematical reasoning to 
economics, in the early days when economic 
concepts were in the nebulous formative 
stage — controversies all the more violent 
as both the protagonists and the opponents 
often suffered from fundamental miscon- 
ceptions. It was doubtless the desire to 
avoid such misconceptions that must have 
led Marshall to give the advice ‘‘to burn 
all mathematics" in his private correspon- 
dence, and must have been partially re- 
sponsible for the suppression of the mathe- 
matical element in his work. However, 
this phase of economic science belongs 
definitely to the past. To-day the term 
‘ mathematical economies ’ is a misnomer ; 
there is, on the other hand, only one economic 
science, and mathematical analysis is the 
essential and irreplacahle instrument of 
its reasoning and method. Wliat in fact 
would remain of modern economics if de- 
manded of the ideas of its great creators, 
Jevons, Cournot, Walras, Pareto— ideas, 
economic indeed in their content and signi- 
ficance, hut mathematical in their form i 
The fact that most Indian Universities 
(who are generally content to stay, at a 
modest estimate, about fifty years behind 
time) have declared in favour of ‘ non- 
mathematical ’ economics, does not render 
it any the less true that economic science 
loosened from the ballast of mathematical 
reasoning, becomes degraded into vague 
statements, referring to the qnahtative in- 
terdependence of various loosely defined 
economic entities, and leading nowhere in 

particular. ^ ^ ^ 

The book is divided into five parts of 
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which the last deals with the main theme, 
while the others prepare the ground by study- 
ing the precise relation of the quantity of 
unemployment to various other economic 
factors. Part I is devoted to preliminary 
considerations, to the precise definition of 
unemployment and to the relation of the 
volume of unemployment to the flow of 
wage-goods. Tn Part TI a fundamental 
formula is obtained for E./, the elasticity 
of real demand for labour in a single centre 
under competitive conditions, in terms of 
(1) the elasticity of demand in terms of 
wage-goods, for the new output at works 
of the finished luoducts, (2) the elasticity 
of supply of the raw material, (3) the elasticity 
of the productivity function of labour, 
(4) the ratio of the demand price of the 
finished product to the price of the contain- 
ed raw material, and (5) the ratio of . the 
money-wage to the money value of the 
net output per head of the labour employ- 
ed. The case of several centres of produc- 
tion, and the differences made by mono- 
polistic conditions and by the rate of interest 
due to the deferred character of the return 
to labour are then examined. The elasti- 
city Er of the real total demand for labour 
(that is, in the wage-good and non-wage- 
good industries together) is next expressed 
in terms of the elasticity of real demand 
for labour in the wage-good industries. 
The last chapter studies the money elasti- 
city 'Em of the total real demand for labour, 
refutes the popular fallacy that Ew=0, 
and derives a formula for expressing Em in 
terms of E,., on the hypothesis that the 
total money income is a function of the 
total real income. 

Part III defines ' improvements ’ in the 
supply of raw material, in the demand of 
the new' output of the finished commodity, 
and in the productivity of labour, and stu- 
dies the effect of such improvements on 
the real demand for labour, and the role of 
various factors, such as seasonal and other 
variations in people’s desire, State stimu- 
lation, interrelations of utility betw^een 
different commodities, etc., in producing 
fluctuations in the demand for labour. 
Several other aspects of the question, in- 
cluding the effect of change in the rate of 
interest, are . also examined. 

So far the argument has been from the 
‘ real ’ end, that is, in terms of W'^age-good 
units, implying the use of an index for the 
cost of living or the general price level. 
Part IV studies the influence of monetary 


factors by means of a hypothetical standard 
monetary system, in which the aggregate 
money income varies only with the varia- 
tion in the several factors of production, 
the price level varies inversely with the 
productive efficiency other things being 
the same, and the total stock of active 
money increases with the total money in- 
come so that the income- velocity remains 
the same. We have also an explanation 
how forced levies and anti-levies of w^'age- 
goods result, if the bank rate of interest 
differs from the proper rate — which is the 
rate which maintains the standard mone- 
tary system. 

The concluding part investigates the effect 
on the aggregate volume of unemployment 
of fluctuations of real demand for labour 
in different centres of industry, of wage- 
policy and of other factors. According to 
the author’s view it is the state of real de- 
mand for labour w'hich is the essential de- 
terminant of the percentage of unemidoy- 
ment, and the real wage-rate stipulated for 
by w'ork-people in normal times is always 
adjusted to the average state of real demand 
for labour. Plence he is not inclined to 
attribute much significance on the high 
correlation between real w^age-rate and un- 
employment, obtained in recent statistical 
studies. Such significance can only result, 
according to the author, if changes in the 
real wage-rate are independent oi: changes 
in the real demand for labour. In fact, 
however, a shift in the demand for labour 
may produce shifts either in the same 
sense or in the opposite sense in the real 
wage-rate. 

In spite of the handicap of the lack of 
statistical data for testing or justifying 
the results obtained, the increased insight 
obtained from the book into the economic 
mechanism of unemployment, and the 
number of definite results are considerable. 
A combined organisation of all govern- 
ments and trade organisations to gather 
extensive and reliable economic statistics, 
somewhat on the lines of recent wmrk in 
America, would resiilt in a few yeans’ time 
in untold progress to economic science. 

The large number of mathematical for- 
mulae. in the book, seems to have occasioned 
many printer’s errors and author’s correc- 
tions ; over and above those listed in 
the Errata, there are misprints on pages 
58 and 136. The student may probably 
feel that some places in the book are not 
sufficiently explanatory. The theory of 
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(loalt with in tho. footnote on p. 179 
mix,y witii a(lva.ntai»(‘ be inserted into the 
at tlH‘ bottom of p. 83. The 
i ec-'a.tnnmt. of the standard niomh-ary system 
aiKl tiie money taiet-or (*,onld in jdaces easily 
b<‘ it r fnrtlun' explanation, without much 
<la.ii^i>’(‘r of interrupt, ing tlie main argument. 

II. Y AID Y AN ATI^ASWAMA^ 


Analvtk^al (xKOMiOTRY. By Vinceut C. 
Boor, I’li.D. ((diapinan ^ irali Ltd., London. 
ItLHd. Bp. 2 tl.) rric(‘ .13.s‘. iUL net. 

’"Phis iKwv t(‘Xt-book, in splendid get-up, 
is v(uy ably written! for the lirst year course 
ia c*.olleges and pre^sents some unusual 
hatlvnres. It is eoneeived on broad lines, ' 
aiKl. w'itliout. going into detailed develox)- 
niiMits in any to]>ic is able to keep the em- 
!>Ua.sis throughout on the general apparatus 
or ideas and ])rocedure, characteristic of 
tho subject. The ground coyered is wide. 
Ill addition to conics (general equations 
of tlie 2nd degree, standard forms of the 
pa,i*abola, ellipse and hyperbola asymptotes, 
di aiiiieters, pole UiUd polar) and transforma- 
tion of (*.o-or<linat(‘S, we liave an elementary 
cliu/ptir on the tracing of higher plane curves 
aiicl, the litting of polynomial curves to 
sl.a,tistical data ; and the final quarter of 
tln^ book, is devoted to Solid Geometry 
a.n<l proceeds as far as is necessary for a 
gfCMicral notion of curves and surfaces includ- 
the different types of ruled and 
noil-ruled quadrics. One appreciates the 
I iiLroduction of elementary plane and solid 
g-c foundry ai. the same stage to the pupil, 
vv.l-thout* making the usual artificial distinc- 
tion Ix'tween them. It is quite likely that 
<'c,M"taia portions, for example the ruled 
aaicl non-rul(Hl quadrics, may prove too 
(lilficult for the first year of the University 
(wliich would correspond to our Senior 
Intermediate), but the general tone is ele- 
mentary and one does get the impression 
(diajt the major part of the book, on the 
lirxes on which it is written, would be a 
^c^^l.sible course for the first year. This of 
('.onrse does not apply to the Indian Uni- 
versities which have sought safety by com- 
pletely mechanising their education and 
(ilieir curricula and afford little scope to the 
oniginal-minded teacher for initiative or 
eo^perimentation in teaching. 

It does not strike one in reading the book 
Lliat the vector concept is used to any special 
extent or in unusual or novel situations. 
Xti is therefore surprising to find that the 
ii;-o.thor claims in the introduction the use 
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of the vector idea as the justification for 
this new book. Apart from the fact that 
the book offers several other novel features 
for consideration, this particular claim is 
misleading and tends to raise false expec- 
tations. By ' vector geometry ’ one would 
understand a method in which, even though 
the proofs may be analytic, the outlook 
and the theorems are all synthetic, that is, 
are stated m terms of the geometrical ele- 
ments (point, line, vector, etc.) as such 
without breaking them up into co-ordinates. 

It is problematic whether such a synthetic 
viewpoint can be introduced in a first course 
in analytic geometry with any success. 

In certain cases, the author’s interference 
with convention has not turned out happily. 
What for instances is the advantage in 
changing the classical nomenclature on 
' one-sheeted ’ and ‘ two-sheeted ’ hyperboloids 
into ' un-parted ’ and ' bi-parted ’ ? What 
again is the justification for writing the 
general equation of the second degree with- 
out binomial co-efficients ? The vTiter who 
would do so has definitely no feeling for the 
theory of forms, which either overtly or 
covertly lies behind the geometry of plane 
algebraic curves. Again on p. 192, a cylin- 
der is defined to be ‘ a surface generated by 
a line moving parallel to itself and tangent 
to a fixed curve’. The meaning intended 
for ' tangent ’ here is not merely unconven- 
tional but unscientific. Lastly, the author 
while expatiating upon the fact that a line 
through the intersection of two given lines 
L, L' is of the form L-J-kL' has not thought 
it necessary to mention the symmetrical 
determinantal condition for the concurrency 
of three lines ! The only explanation of 
the strange fact that I can think of is that 
the intellectual bias of the author is direct- 
ed away from the intuitions and values 
which derive from the theory of forms. 

Another curious point is that while the 
author has throughout stressed the idea 
of ‘ locus he has omitted to mention the 
fact that the circle or conic jf(a?, y)=0 has 
two sides, the expression /(a?, y) taking 
different signs of these sides. This funda- 
mental topological idea is not only impor- 
tant in itself [e.g., in the question whether 
a given point is within or without a given 
circle or ellipse) but actually helps the learner 
to get a better grip on the difficult idea of 
' locus 

Lastly, there are two suggestions which 
I would like to make both to the present 
author and to writers of Introductory text- 
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books on Analytical G-eometry. These, if 
followed, would in my opinion help the 
learner considerably and remove a certain 
fogginess from the subject. These are : — 
1. To distinguish sharply the two mean- 
ings witli which the word ' angle ’ occurs 
in analytical geometry, and to relate the 
two meanings to the concept of directed line. 
Namely, there are certain situations 
{e.g., the slope angle of a line, the angle 
between two lines) in which the measure 
of the angle is relevant only mod tt and 
certain other situations in which it is rele- 
vant mod 277 (e.g., vectorial angle in polar 
co-ordinates, the angle a in cos a -f 

sin a p, p being positive). 

(2) Whenever a square root occurs in 
an elementary formula, to explain why it 
occurs and why it would not but occur. 

E . VATD Y AN ATH ASW AMY . 


Solid Mensxjuation. By Willis F. Kern, 
and James E. Bland. (Chapman & Hall, 
London. 1934, Pp. 73.) Price 7s. 6d. net. 

This is a finely printed handy book on Solid 
Mensuration containing a list of funda- 
mental formula) and proofs of the more 
diflficult theorems. The numerous illus- 
trations and diagrams and the historical 
information about the various sohds are 
attractive features. The real value of the 
book lies, however, in its large and unique 
collection of examples which are all of a 
practical nature and of a kind to interest the 
pupil. The authors intend this book for regu- 
lar use in the secondary school and for the 
use of the backw^ard student in the College. 

It is notorious that the standard in Solid 
Geometry in the secondary education of 
this country is very Iowl The higher 
mental functions of the genus ‘ man ' 
depend entirely on the two forms of his 
thought, the visual and the auditory. The 
latter is of course very important and is 
related closely to man in his social rela- 
tions ; as the factor which is responsible 
for the preservation and transmission of 
conscious race memory it is fully represent- 
ed in our education. But it is the former 
which is at the root of all higher imagina- 
tion and creative thought, and it receives 
considerably less than its due share of atten- 
tion in our education. Discipline in Solid 
Geometry and Mensuration fairly early in 
the secondary stage is the only feasible 
method in general education for stimulat- 
ing the potentialities of visual thought. 

E. Yaidyanathaswamy. 


Carres Magi cites au Degree n. By E. 
Cazalas. (Hermann A Go., Paris. Pp. 191.) 
40 francs. 

This book by Cazalas expounds the Tarry- 
method of constructing magic squares. In 
a note by Gaston Tarry presented by Henri 
Poincare to the Paris Academy of Sciences, 
he announced that it was always possible to 
construct a magic square of side w’'hich 
is magic up to degree n provided the least 
prime factor of p be large enough ; i.e., it 
is jjossible to up the square with the 
numbers from 0 to in such a way 

that the sum of rtli powders of numbers in 
any column or row is the same for all integral 
r < n. It is really remarkable that the 
method of construction depended only upon 
the solution of certain linear congruences. 
Unfortunately, Tarry did not publish his 
method although he gave numerous examples 
of such squares. In the present treatise the 
author has given us a method of solving the 
general Tarry -problem by making use of the 
numeral series of Tarry. The book merits 
not only the attention of those engaged 
in mathematical recreations, but also of 
mathematicians as well. 

The book is divided into seven chapters. 
Tt also contains a historical review of the 
subject of magic squares and at the end we 
find a complete bibliography. The first 
chapter defines the numeral series of Tarry 
and various notions such as panmagic, 
diagonal magic, etc. It also gives the method 
of construction of magic squares when the 
number of houses in each column or row is 
a prime number. In the second chapter we 
come across the construction of magic 
squares of side where p is a prime number 
which is also bimagic, i.e., the sum of the 
squares of the numbers of elements in each 
row or column is the same. The third 
chapter deals with squares which are 
trimagic. In both these chapters, the way 
of construction of magic squares with other 
magic properties is also expounded. Numer- 
ous examples are also given. The fourth 
chapter deals with squares of side p'>^ which 
are magic of various degrees. Magic squares 
with some special magic properties are dealt 
with in Chapter Y. 

Chapter YI deals with squares of side m, 
where m is composite. In Chapter VII 
the mixed Tarry series are used for the 
construction of magic squares. Generahsa- 
tion to magic hypercubes in various dimen- 
sions are also given. After the bibliography 
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a of (!4 sides wliicli is magic upto 

decree ‘d iH ^iv(‘n. 

()ii(‘ (‘oinnu^nclable feature about the book 
h that it (looH not xiresuppose any mathe- 
rnatieal knowled.i^c^ on the part of the reader. 
Th(‘ ]()V(u\s of niai>'i(*. squares owe a deep debt 
of <]jratitude to the author for his beautiful 
t.naitise on tlu^ subjeuit. 

K. V. I. 


thruDK DKS Fonctionjos Sonsharmokioues 
AN voisiNAOK o'uN POINT. Ey Marcel 
l^r(‘lot. (llennann & Co., Paris. Pp. 55.) 
14 fra.nes. 

Sub-hai‘inoni(*. functions c.an be looked upon 
as a ^’('lu'ralivsation of potential functions 
or a.s an (^xt.cvusion of the notion of convexity 
to funct.ions of two variables. .Not only are 
th(\y int(T(sstini^ in themselves but they are 
also us(4‘ul in some problems in potential 
theory suc-h as the existence of a solution 
of certain alli(‘d dilTerential equations, and 
in the discussion of the behaviour of a i)oten- 
tial function in the neighbourhood of its 
boundary. Th(‘. development of the subject 
owes mu(*h to the work of F. Piesz and 
M()nt(4. Tills monograph, third in the series 
of Memoirs published in honour of the 
matlKunatician Jacques Ilerbrand who un- 
foTtunat(4y died at the early age of 23 after 
contributing very interesting papers on 
ni ath I n at. i(ial phil o s opliy and algebraic 
niimlxrs, is written in a very lucid and 
(^xeelkTit manner. 

The work is divided into three chapters. 
The hrst chapter deals with the general 
properties of sub-haTinonic functions and 
thxur intimate^- connection with harmonic 
functions. The second chapter deals with 
properties of a function sub -harmonic in the 
neighbourhood of a point but not sub-harmo- 
nic at that point itself. After defining the 
maximum modulus, some properties 
analogous to the properties of analytic 
functions are also enunciated and proved. 
The. theorem about the continuation of 
the sub-harmonic function to the point in 
case it is bounded, is very interesting and 
it is a generalisation of Eiemann’s theorem 
in analytic functions. At the end of the 
(diapter’ three examples of sub-harmonic 
functions are given behaving at the point 
in very singular ways. Some results are 
also generalised to the case of functions 
wdiich are sub-harmonic in the neighbourhood 
of a closed set of points of measure zero. 
The third chapter is devoted to^ applications. 
Some results in connection with ^ ienner s 


generalisation of Dirichlet’s problem and 
the existence and properties of the solutions 
of certain differential equations allied to 
Laplace’s equation are discussed. For 
simplicity, the author has confined himself 
to tAvo dimensions for, the generalisation of 
the results to any number of dimensions is 
direct and very sim])le. 

K. Y. I. 


Elementary Practical Mathematics. By 
*T. W. Chaithness, b.a., h.sc. (Chambers 
Ltd., Edinburgh. Pp. 318.) Price Ss, 
lake general science, Practical Mathe- 
matics is looming large now-a-days in the 
curricula of studies for Secondary Schools. 
The student desirous of going to a technical 
school, after he finishes his school certificate, 
need not know all the aspects of Mathematics, 
which have a purely theoretical value.. 
What the student of technical studies requires 
to know is, that aspect of mathematics, which 
will be of direct interest to him in his 
technical studies, be it Engineering, Building 
trades, or a higher branch of specialised 
science. Books dealing with this aspect 
of Mathematics are generally w^elcome. 

The author is the Principal of a Municipal 
Technical School in England, and is thus 
specially qualified to wTite books on Practical 
Mathematics. The student of the Technical 
School should know' enough Mathematics 
to enable him to get his workshop or labo- 
ratory results, Avith ease and accuracy. He 
need not know for instance the proof of a 
certain principle but he needs to know 
its application. What is attempted in the 
present work is the exposition of these 
principles and methods which are of general 
application to all technological studies. This 
book is intended to cover the course 
prescribed for Central Schools and Pre- 
paratory Technical Schools of England. 
It is expected that the course dealt with 
in this book will prove to be of great use 
and will serve as a foundation on wFicb the 
more advanced Mathematics of the Engineer 
or the Phvsicist may be built. In addition 
to the useful portions in Arithmetic, Algebra 
and Geometry, a chapter on graphs and 
applications of calculus to approximations, 
areas and volumes, is given, which will he 
highly useful to the student for whom the 
book is specially meant. 

The vocational and technical schools now 
developing in India will find this book 
immensely useful. 
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ISkptkmukr 19.U 


Tli(‘ jmhI of t hook 


H, V. Sastky. 




THK IjA HOIJ A'l'OK* V W()KM<Sn()I\ r>y I']. II. 
j )u('k\vori.h and Iv. I Ia,i’ri(‘.s. ( Pn])lisli(‘(l by 
(J- Moll <S:. Sons, Ll.d., ])}). xi Pri(*.<‘ PKv. 

It is now <;v.n(M‘a.lly .recM)i»*nis<Ml t.liai a. 
(uataiin anioiiul. of workshop cx jxnahnnaM)!’ at. 
least, a. d(‘rt.n(\ss in t.lu‘ use of t lu^- nior(‘ 

(‘onnnon tools is a. lu'casssa.ry adjiislniont. to 
on{‘.\s (Mluoa.t.ion. The post.-iifra.(lua.t.(‘ st.inhait., 
t.li(‘. s(*i(‘n('e t.(‘a,(‘h(a*, and a, 11 t.hos(‘ who t.a,k(^. 
iij) s(*i(ai(*(^ as a. profi^ssion will in t.ludr 
experic'iico ineid. witdi di verso prohhans 
wlua-(‘.in a lit.t.lo faniil ia,rit.y witili tools will 
])rov(‘. to bo of iinni(Mis(^ value, ddiis nu^aius 
not. only a, savin<>' of f.iino: but. a.lso a. (*(a*t.a.iu 
a, mount-, of stiinuliis to luwv idea.s, and 
dc^si^'ns, of ap})a.ra.t:.iis wit.li \vlu(‘.li t.iu'y ma.y 
bti e.on(‘.orne(i. 'Phis lit.t.l(^ book is wrii.t.tm t.o 
hcdp ono ao(|uiro this knowl(‘<l^'(‘. 

The book opens with a <l(ss(*.ript-.ion of 
praoticalty all tlu‘. tools tinit. oiu‘. is likcdy t.o 
handle in the worksliof). Th(M‘('- a.r(‘. som(‘. 
valua.l)l(*. hints a..s la^i’a.rds the edioie,(‘ of t.ools 
and otlier materials to <M[ui]) a. sma.ll hibora- 
tory workshop, Phe e.hai)ter on the proper- 
ties oJ; various majterials that are ordiiuirily 
used in t he consi.ruet.iou of appa.ra.tns is very 
useful, Th(‘. eoinmon opera.t.ions, such a.s, 
cutting, iiling, cdiiseling, drilling and beml- 
ing, are fairly well explained a.nd shouhl 
certainly be valuable to the beginma*. Tlie 
bperations involved to cut screw' tiinuuls 
with the lielp of t-a.ps a.nd di(‘S are really 
very simple, .but it is a. (‘.orumou exf)eri(UH*.e 
to see the ])eginuer take up to tdiis wit-li a. 
certain amount of mu vousm^ss usually (uhI- 
ing in t.ho most disast.rous r(\sults, as (‘.vi- 
(Icuced by the mnnl)or of brok(m ta.ps a.nd 
di(‘S tliat (ill w’liat was once a. comphde set 
of s(U'(‘;w phites. In view of tin's t.lie aut-hors 
ha.v(^ written a fa-irly (daborato (vbapt.(U' on 
B(‘r('W cutting wliieli will make one .nuUize 
how simple it; is to do tlie job if one only 
r(unembors the importa.nt hints detailell 
t-Ii<u‘(u Anotluvr e/hapter is devoteid to the 
v(‘ry ns(d'ul art of sohhu'ing. One oft(ui 
notices in tlie workshop, young men who 
c.an hardly resist the t(unptatio]i of wistfully 
waPdiing with admir’at.ion and envy tlie 
exp(U‘ti, who handhss it wit h, sucli case and 
conlidence. Th(‘. hints and tips on soldering 
will go a long wa,y at lea.st, to give coirftdonce, 
if not make a.n cxjxud; of a. beginner. The 
final chapter giving examples of construction 


of various stuhMiiilic ajiparatus is ludpful in 
suggcst.ing furl Inu* work on similar liiu's. 

T!i<‘ aut Tors' int<uitioii of stimulating the 
(lormunt. tahmts of in vcuit ion " and rc- 
souriad’uliH'ss ” in young men, by omit. t ing to 
imuit.ion a.nything that has to <io with lathes 
is ra,t h<M’ <( lies! ionahle, or at least, trin^ only 
to a. v(uy limit. (‘d (‘xtcud. Ibndly then* is 
no (uid to t h(‘ va.ri(‘ty of iiigcuiious ust‘s a 
lath(‘. can Im* put to, and oin* is ra.thtu’ iii- 
cliiKMl to t.hiid< that- tin* us<‘ of a, lallu* will 
prompt, young naui to eouslrind. exuuu^clingly 
ingimious a-pfiaratiis, sound. imiss of far- 
nsudiing coiis(‘(picnc(*s, whiidi would not 
ot.luu’wisi* be possibh*. TIu* pi acti^uilly- 
luimhnl man is siindy (h‘priv(Ml of what is 
piu’luips tin' most. int(‘n‘s(Ing pint of his cx- 
ptM'i<m<‘(u 'rh<‘ imdnsion of a, <‘ouplc of 
(dia.pt, <‘rs on hit. loss a.nd simph* t. urn ing woidd 
(‘.(‘rt.a.inly ha.v(‘ luaui most, sa.hit.aiy In tlu* 
int.(‘r<‘st.s of ingmiious young nuui, and laade 
t,h(*. Ii<d(l of ustd'ulmsss of this book nion* 
(‘xt.(‘nsiv(u but. still within t.ln* liniif S(‘t 
upon by t h(^ a.ut hors t.lu* hook (Io(*.s S(‘r\u* a 
us(d'ul purposiu in int roducing tin* b<*ginii(U‘ 
t.o t.lu*. workshof), and providing uscd’nl hints 
t.o t.hos(^ const a lit ly in n(*(‘d of t in* use of 
omt and in providing an (*xc(‘lhuit !>ook of 
r(*f(*r<‘nc(^ for g(ui(‘ral us(*. 

(h. (h 

Ai/rKKNAuuNU (h!KiU':N'rs. by b. T. .Vgger. 
(Ma.cmillan A' ('o., Ltd., bondon. Ibbb) 
Pric(* r>.s*. 

Idiis book iH divid(M| into 15 (diaptcrs 
most, of wdiiidi a.n* dtwotcul to tlu* funda* 
m(uit.a.Is of alt. (‘mat ing curnuds, Tlie 
Ojxurmg (dia.pt<u* coiisiihu's tla* prodindion 
of a.lt.(‘rnat.ing vol(a.g(* and curnmt, tlnur 
(dT(u*t.iv(‘ va.lncH a.nd m(*a.ning of powm* in 
a. (dtamit. containing lassistaiua* only. The 
following H (dia.pt.(‘rH d(*ai with tlu* rmuining 
and va.Iu(* of indmdama* aiul ea.paeiianee 
a.nd tli(‘ Ixdia.vionr of s(‘n(*H and parallel 
(‘.ir(Miit.s eont-aining combina-t ions of nxsist ain’t*, 
indu<d,anc(* a.nd ca.pa.(*itancc. ( ■ha.pt tuxs lu 
a.n(l 11 (hull r(xsp(u*t.iv(dy with tin’ profxut i(*s 
of poly plia.S(‘ (uirnuits a.nd pow(u*in polypliasi* 
(diauiits. Alt, hough tin* ground (‘.ov(*nul in 
tli(‘S(^ 11 (dia.ptauxs is tin* sa.nu* a.s in the 
op(uung (dia.pt. (u’s of most. t(*xt“bo(dvH on 
a.lt(‘rnaiting (uirnmt. (mgimuu’ing, tln^ subjeet 
is t,r(''.at.(‘.d wit.h cI(ui.ni(*Hs and simpli(dt.y which 
c.armot (*asily Ix*. surpa-smub (diapters Iti-M 
(hnil wit.h tin* (d(un(uit.H of trarmfonner, 
alt(M’nator and induction motor and tin^ UihI 
chax>t(vr W9ith nuaisuring instrununrts. 
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luiiphor h<iH luiidc uso of ji hir^c iiuiiibcr 
(>r (lia-^^ranis, (•,urv(\s iind cxiimples in tlie 
to ^dv(‘ tlu^ rondor an iinnilstakable 
i(i<‘a ()( l'h(‘ [)oint'H dinilt with and. ox(‘.rciscs 
a.r(‘ a,t, <‘U(i of (‘acb cha})t(vr. This 

is t h(‘ sini[)U‘st. book that tlio writer has seen 
and it. is dinhadt t,o iina,^>:iiie that anybody 
,U’oiinr t.hrou^di it. (van fail to a (‘orrect 
(‘on<‘(‘[>tion of t.h(‘ most important funda- 
numta.ls of a.lt.(‘rnat.in,f>^ cuirrents. 

J.J.R. 


Tuh) ELKcn'RONid STRUcrruiuo and Pro- 
PKKTIKS OF Mattfr. Byd. If. I.)oni?Ias 
(U(‘.rk. ((hia.pma.n iS:, Ifali, Ltd., Lomion.) 
P[>. XXV I d7.‘h) Pri(‘(‘ i}Lv. net. 

Wit.h t.h(‘ pn‘S(ait rapid rate at wliicli 
a.t.oini(*. and mohandar theori(‘S are progres- 
sing, it is inenaisingly dinie.ult to k(iep in 
t.<>u(‘h wit.h d(‘.V(dopnients not in one’s 
iinin(alia,t(^ splnaan d()nse(|uently any at- 
t.(anpt ma.de'. at presenting in a lucid and 
(‘.()g(‘nt. rna.nmu’ tin*. i(l(‘a,s (hweloped in the 
s(^v(‘.ra.l l)ra.n(du^s of the same science and 
pa.rt ie.ula.rly their inl.cvr-iadatious witli each 
ot.luu', sliould be wele.ome not only as a food 
for thouglit, but also as a stimulant for 
Xnrtlnu* progia^ss in tlu^, pa.rt.icailar branch 
oin^ is spe(‘.ialising in. Such a task lias 
IxMUi und(‘rt.a.k(m by Mr. Clark with a iseal 
t.liat has r(‘.sult.(Ml for tlu^ present in three 
volunu^s forming tlu^. c.ommencement of a 
H(U’ieH in ‘‘A (h)mprehonsive Treatise on 
Atomic, and Mokicular Struc-ture The 
hook und(u- review is the first in tlie series, 
and is divid<‘(l into two parts the first of 
whicdi (](^.a]s wit.h l.h(‘. a.tomic a,nd (d(ictronic 
(jnantum numlxMT, tlie inward nature of 
t.li(‘. periodicit.y of (dements, the modilications 
to t.h(^, original Bolir’s (umca^pt of (piantum 
immlxu’S, the theory of inner building in the 
transition and ran^ <^arth ehunents and its 
h(ui.ring on the diverse valency possibilities, 
and (uids with a veiy gemu’al revi(‘.w of tlie 
older (X(‘c.tronic. a.n(l the new(w (piantum and 
■wave rmudianical interpretations of different 
types of atomic linkages. Full d(d.ails are 
not generally gone into but either postponed 
to later volumes or rof(U’rod to original 
papers. 

Th(‘. second part deals in greater detail, 
though still in a rather summarising manner 
with the various physical properties of 
maf.tcr and their relation to the electronic 
structure. Tlie subjects treated are in the 
order, melting and boiling points, atomic 
and molecular volumes, atomic and ionic 
radii, electrical conductivities of elements 


and crystals and related photoelectric 
effects, tlie conductivity of melted com- 
pounds and its bearing on several factors 
such as valency and size of the ions, the 
phenomenon of super conductivity and 
theories of super conducting state, magnetic 
susceptibility, additivity relationships, dia- 
para- and ferro- magnetism, atomic magnetic 
moments, cohesive force, surface tension, 
coefficient of expansion, and lastly entropy 
and its significance. 

It is not possible to indicate any parti- 
cular asp(^cts of the subject that have been 
lu^ghxfi-.ed, as in the author’s scheme the 
three projected volumes form one unit, and 
freipient cross references are given to the 
second and third volumes which are ‘dn 
preparation”. It can, however, be said that 
the author has succeeded in giving a faithful 
running account of the trend of modern 
ideas regarding the properties of matter, and 
when any further details are wanted they 
can be either found in the latter volumes or 
in the references to the original and other 

summarising ” papers' listed at the end of 
each chapter. 

The practice of collecting together at the 
end of eacli chapter all the references is 
not always commendable, but seems to be 
well suited for the kiiui of book under 
review, where a group of papers on the 
same topic are given together with the 
necessary full titles of tlie papers. However, 
the peculiar list of abbreviations adopted 
by the author for the names of the journals 
seems cpiite uncalled for; unfortunately 
there is no standard practice adopted in this 
respect in the scientific literature, but still 
to some degree the abbreviations used con- 
form to a certain type, and the aim should 
be to try and standardise the abbreviations 
in use rather than invent unnecessarily new 
ones such as ^0’ for Transactions of the 
Royal Society of Canada, 'C. E.’ for Chemi- 
cal Reviews, ‘F’ for Transactions of the 
Faraday Society, and ‘P. M.’ for Philoso- 
phical Magazine, and others such as ‘C. L.’ 
or ^R. M. P.’ The author himself has used 
in p. 86, for reference I^o. 27, the abbrevia- 
tion ^T. F. S.’ wliich is not to be found in 
the list given in p. xxiii, and which is 
obviously a mistake for ^F’ the Transac- 
tions of the Faraday Society. 

. There are a few printing mistakes in the 
text such as those in p. 22, 1. 1, p. 226, 1.19 
or p. 236, 1. 4, and others in the equations 
9b in p. 331, and those given in the top of 
p. 335. 
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Tlie publishers have done their task well 
and the printing and binding are up to their 
well-known standards. 

M. A. G. 


The Fundamentals of Chemical Thermo- 
dynamics. Part II. Thermodynamical 
Functions and Their Applications. By 
J. A. Y. Butler, d.sc., Lecturer in Chemistry 
in the University of Edinboroiigh. 271 pages. 
Price 8s. 6d. 

This little book is the second part of 
the author’s ^ Fundamentals ’. Although 
the more elementary calculation of maximum 
work and simpler applications of first and 
second laws of thermodynamics have been 
treated in Part I, the subject has been 
discussed in fuller detail and from more 
advanced point of view using thermodynami- 
cal functions in the classical manner so that 
the present volume is tolerably complete by 
itself. 

The system of symbols used is that of 
Lewis and Eandall the corresponding nota- 
tions of Gibbs and German workers being 
also given to assist when referring to original 
papers. Unfortunately, the author has 
given tlie standard values for energy and 
entropy referred to 25° as against the German 
practice- of calculating these to absolute 
zero. 

The third law has been developed with 
due regard to the methods of i7ernst and 
Lewis and mention is made of the American 
work on supercooled liquids and a brief dis- 
cussion on the chemical constants of simpler 
gases. 

The main feature of this book is the com- 
prehensive discussion of the properties of 
solutions especially of electrolytes which 
has apparently salted out, the more impor- 
tant applications of thermodynamics to 
equilibria in organic reactions and reactions 
at high temperature. This partiality is 
obviously due to author’s own contributions 
to the subject of solutions which he has 
treated in a lucid, thorough and up-to-date 
manner. This is very welcome especially in 
view of the long time having elapsed since 
the appearance of the well-known work 
of Lewis and Eandall whose clear and 
pleasant presentation of the subject remains 
unsurpassed. 

There is a unique chapter on the thermo- 
dynamics of surfaces. The activity concept 
is applied to adsorption from solutions. The 
last chapter gives a concise discussion on 
the Phase Eule and the geometric methods 


of Gibbs as applied to the stability of binary 
and ternary systems. 

There are up-to-date references to papers 
including author’s own and an index at the 
end. The paper, printing and get-up is 
good and price moderate. The students of 
physical chemistry will find this book a 
welcome help. 


La Notion de Corpuscles et d’atomes. 
By Prof. Langevin. (Hermann & Co., Paris.) 

With the ever-increasing isotopes, the 
neutron and the positron, to say nothing of 
the now old electron, proton and photon, our 
knowledge of the constitution of matter is 
extending both intensively and extensively 
at such a rapid pace that it is quite a job 
for anybody to keep in view, if not in touch, 
with modern progress in all its details. It 
is hence a signal service which Prof. 
Langevin has done in his address on ^ La 
Notion de Corpuscles et d’atomes ’ published 
by Hermann et cie, Paris, as Eeport No. 132 
in the well-known series Actualites Scienti- 
fiques et industrielles ” 1931 (price 12 fr.). 
Prof. Langevin has started at the very 
beginning so that even a Eip Yan 
Winkle in science cannot complain of any 
links missing in the chain of progress. He 
begins with the Democritian doctrine of the 
divisibility of matter and the existence of 
ultimate particles and pays a tribute to 
chemists for having followed up the idea and 
placed it on a quantitative basis in their 
elucidation of molecular and atomic weights. 
Both these quantities are, however, only 
comparative values and it is due to the more 
exact sister science that an accurate know- 
ledge of Avogadro’s number was possible 
and thence an absolute value for those 
quantities. The next step in the progress 
came with the advent of the cathode tube 
in the last quarter of the last century and 
with it the idea of corpuscles. 

A brief but coherent account is given of 
J. J. Thomson’s experiments for establishing 
the electron as a definite physical entity, of 
Lorentz’s theoretical conception of an elec- 
trified granular structure of matter for 
explaining certain optical phenomena on 
the electromagnetic theory and Wilson’s 
cloud chamber methods of, as it were, 
visualising the electron. He explains how 
photographs taken by the cloud chamber 
methods were used to verify the photoelec- 
tric law on the equivalence of energy 
exchange between matter and radiation, 
a verification which led on to the conception 
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of a structure of radiation, a ground already 
prepared by Planck, Einstein and others in 
their discussions on the enxission and 
absorption of radiation by matter, the 
spectral character ol blackbody radiation 
and the inertia of energy. Mention is also 
made of Compton effect as experimentally 
confirming the corpuscular conception of 
both matter and radiation. Eutlierford’s 
experiments on radioactivity and the 
disintegration of matter leading on to the 
conception of the proton and the nuclear 
atom model are described with suitable 
photographs taken by the cloud chamber 
method. Finally, the experiments of Bothe 
and Becker and the discussions thereon of 
Chadwick and others leading to the discovery 
of the neutron and the positron are explain- 
ed in an interesting manner. Thus in a 
brief but very illuminating review Prof. 
Langevin has brought out our modern 
corpuscular conception .of the universe as 
consisting of electrons, protons, neutrons and 
positrons on the material side and photons 
on the energy side, the two sides, however, 
being mutually convertible. 

Having thus summarised the present 
experimental knowledge on the structure of 
matter. Prof. Langevin proceeds to review 
the situation from the theoretical viewpoint. 
After a brief reference to the classical 
electromagnetic theory and its limitations 
when applied to the dynamic atom, the 
introduction of Planck’s quantum conditions 
in the mechanics of the Kutherford-Bohr 
atom model. Prof. Sonimerfeld’s exhaustive 
and successful treatment of the hydrogen 
atom and its limitations when applied to 
atoms with several electrons, mention is 
just made of the development on the one 
hand of matrix mechanics by Heisenberg, 
Born and Jordon and on the other hand of 
wave mechanics by Louis de Broglie, Schro- 
dinger and Dirac. Prof. Langevin gives a 
clear tho ugli very brief account of the train 
of thought that led on to the wave concep- 
tion of matter, mentioning the experiments 
of Davisson and Germer and G. P. Thomson. 

This brings him on to the greatest pitfall 
of all in modern science, viz., the dual con- 
ception of the electron, corpuscular at times 
and undulatory at other times. The dual 
nature of the electron has been the two 
horns of a dilemma between which, not 
being able to choose one and exclude the 
other, scientists have been trying to strike 
a compromise. Bohr calls the two aspects 
complementary and has enunciated his 


principle of complementarity. Born, in 
trying to reconcile the two ideas, introduces 
a statistical character in the discussion 
which, however, destroys the objectivity of 
electrons, protons and photons. Heisenberg 
has, at this stage, introduced his Principle 
of Indeterminacy according to which it is 
not possible to know at once the position 
and momentum of an electron. 

Prof. Langevin ta’ung up the method of 
Born suggests a return to a statistical 
treatment. Knowing that the Boltzmann- 
Gibbs statistics has failed to agree with 
experiment, he suggests the applications of 
the Bose-Einstein and the Pauli-Fermi 
statistics with the Pauli’s exclusion principle 
thrown in when dealing with charges. 
Mention is made of the successful applica- 
tion of this method by Bose, Debye, Jeans 
and others. 

Prof. Langevin concludes with a moral 
disquisition on the effect of long habit on 
the anthropomorphic tendency of our minds 
in finding an object more easy to deal with 
than an idea. He makes a very interesting 
observation that the original conception of 
an object should have been as abstract as 
our present conception of an idea and just 
as in course of time we have familiarised 
ourselves with dealing with objects, we 
should begin now to deal in the abstract 
with conceptions and bequeath this habit as 
a convenient heredity to our posterity. 

P. S. S. 


The Hardness of Metals and Its Measure- 
ment. By Hugh O’jSFeill, d.sc., M.Met. 
(Chapman & Flail. 1931. Pp. xiv H- 292.) 

This is a most valuable addition to the 
excellent series of books on metallography 
published by Chapman & Hall. Its scope 
is much wider than its precise title would 
appear to indicate. The theories under- 
lining various concepts of hardness are very 
fully studied, physical, chemical and mathe- 
matical principies being exhaustively ex- 
plained. The Static Ball Test is fully 
studied with particular reference to Brinell’s 
test. The author devotes three chapters 
to consideration of hardness in relation to 
internal structures of metals. Of these 
chapters those on the crystalline nature of 
metals and alloying and heat-treatment are 
worthy of special commendation. The 
chapter on practical aspects of testing hard- 
ness is one that should be read by all 
engineers using hardness testing machines, 
especially with reference to the method of 
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preparation of a sample. The author’s style 
is such as to make the book interesting and 
always readable even in the more mathe- 
matical portions. It is profusely illustrated 
and contains many beautifully reproduced 
photographs. A copious bibliography con- 
taining over 400 references adds to the 
value of this book. 

Charles Forrester. 


A Text-Book of General Botany for 
Colleges and Universities. By Eichard 
M. Holman and Wilfred W. Bobbins. Third 
Edition. (John Wiley & Sons. Inc. New 
York. 1934.) Price 25s. 

As the authors have stated in the preface, 
the essential qualities of a good text-book 
have been recognised and kept up through- 
out the pages of this book. The arrangement 
of the subject-matter and its treatment 
deserve special appreciation. The first part 
of the book comprising about 300 pages not 
only introduces the reader to the realm of 
the biological science, but also takes him 
through the detailed mechanism and func- 
tions of the Flowering plants in particular. 
Seven chapters of this part have been devoted 
to the study of the chief parts of the plant 
body. The chapter on The Stem” has 
been treated in a masterly way. The other 
parts of the plant body like Boot, Leaf, 
Flower, Fruit and Seed have been treated 
with equal justification. The authors appear 
to be partial to anatomy rather than 
physiology. The chapter on the Belation of 
the Plant to its environment, really gives a 
true picture of the activities of the plant and 
the position of the plant in the organic 
world not as an isolated but as an inter- 
dependent unit of a large fabric. 

The second part of the book is devoted to 
the study of the representative members of 
the other groups of plant kingdom, like Algse, 
Fungi, Liverworts, Mosses, Ferns and Seed- 
plants. Full justice has been done to every 
one of these groups in their treatment and 
the beginner finds it very easy to follow the 
life-history of the plants, specially along the 
straight road with mile- stones and furlong- 
stones, as illustrated by the summary of the 
principal features in the life-history of wheat. 
The chapter on Evolution and Heredity 
gives the reader in a nutshell all the princi- 
pal ideas and their associated views included 
in the above subjects, and has been present- 


ed in a graphic way. Even the latest ideas 
have been incorporated. The past history 
of the plants as evidenced by the Fossils has 
been dealt with briefly, giving a true picture 
of the vegetation of the land in those bygone 
days and the importance of the study of 
such vegetation in solving the problems of 
Evolution. 

The book has been nicely got up and 
has been profusely illustrated. The drawings 
and. sketches are scientifically accurate and 
tiieir illustrative value lias been enhanced 
by a large number of photo-micrographs that 
appear throughout the book. The fact that 
during these ten years, the book has gone 
through tliree editions, is a proof positive of 
its usefulness to the students and the 
teachers as well. t xr t> a 


Groundwork of Biophysics. By G. M. 
Wishart, b.sc., m.d. (George Bell & Sons, 
Ltd., London. 1931. Pp. vii-|-344.) 

A study of the recent developments in 
Physiology or Biochemistry will show that 
progress in the fundamental conceptions 
of life processes can best be assured by a 
liberal application of the technique of the 
physicist. This is being increasingly recog- 
nised and the contributions of S. P. L. Soren- 
sen, L. Michaelis, J. Loeb, W. M. Bayliss and 
T. B. Bobertson only serve to emphasise 
this. To-day Ph^^sical Chemistry and Bio- 
physics are included in the curricula of 
studies in Physiology and Biochemistry. 

The book under review ‘4s an attempt 
to aid the student by bringing within small 
compass those aspects of physical chemistry 
and physics which he will find most necessary 
in his physiological studies.” One cannot 
help feeling that he is reading an elementary 
text-book of physical chemistry as he reads 
through the book. In the later half of the 
book an attempt is made to deal with selected 
sections of physiology such as vision and 
hearing which demand famiharity with such 
chapters in Physics as optics and sound. As 
a text-book for the University student, the 
publication will meet with his requirements. 
The treatment is elementary but clear and 
the book can be recommended to those who 
require to be introduced into the subject 
of Biophysics. 

There are few printer’s mistakes and the 
publishers deserve to be congratulated for the 
neat get-up. 
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SUPPLEMENT TO “CURRENT SCIENCE”. 


The British Association for the Advancement of Science, Aberdeen, 1934. 

Presidential Address — The New World- Picture of Modern Physics. 

By Sir James Jeans. 


CIR JAMES JEANS delivered a liigbly thought- 
^ provoking address at the Aberdeen Meeting of 
the British Association for the Advancement of 
Science, taking as his theme “ The New World- 
Picture of Modern Physics”. He first commented 
on the happy auspices under which they liad 
assembled, the Scottish meetings having been 
traditionally successful, but there was the early 
death of Sir William Hardy which he deplored 
and which he said had cast a shadow in all their 
minds. After paying an eloquent tribute to the 
excellent qualities of the departed, the lecturer 
proceeded to the subject of his address. In the 
fifty years’ interval between the time when one 
theoretical physicist — Lord Rayleigh — had occu- 
pied the chair and the present occasion when 
again the presidentship had fallen to a theoretical 
physicist, the science of physics had changed and 
developed beyond recognition. The old explana- 
tions, based on an attempt to understand nature 
by means of familiar models, had failed to cover 
the new facts and the mathematical formulae 
which represented the facts well showed that the 
explanation was like a parable. The modern 
difficulties regarding the nature of the world were 
all due to the mistake of taking these parables to 
represent the actual truth. It is a natural ten- 
dency for man to prefer concrete facts to abstract 
principles, but since all measurement implies 
the comparison of one quantity with another of 
similar nature, we could become cognizant only 
of the relations which we ourselves discovered, 
but the essential nature of the quantity compared 
would be beyond comprehension. Thus all our 
knowledge about observables would be numerical 
or mathematical in content wliile whatever we 
thought we knew about unobservables would be 
pure assumption. That Avas the reason why the 
attempts of the nineteenth century physicists to 
explain the wave-nature of light by trying to 
picture the properties of tlie ether led to false 
conclusions. It was only the imagery that led 
people to expect a positive result in the Michelson- 
Morley experiment. The null-result showed the 
error of taking this imagery to be representative 
of external nature. kSince the general theory of 
relativity showed that the space-time continuum 
could be twisted and w^arped as much as we please, 
even this continuum could not be itself part of 
Nature. Since all our knowledge comes throngb 
our senses it was but natural to postulate the 
existence of ‘‘ matter ” as a starting point for the 
effects which reached our senses, but this 
‘ ‘ matter ” is as unobservable as the ether. For 
example, earthquake waves affect our houses by 
travelling along the surface of the ground but it 
is not right to assume that they originate in the 
surface. So also space and time or the space-time 
continuum might be the means through which our 


senses are affected but that would not prove that 
they were part of Nature. 

Theoretical physics is no longer concerned to 
study the Newtonian Universe which it once 
believed to exist in its own right in space and 
time. It merely sets before itself the modest task 
of reducing to law and order the impressions that 
the universe makes on our senses. Its task 
resembles that of tlie map-maker wdio can 
represent different aspects of a region of the 
earth’s surface by means of different projections, 
but who does not make the mistake of taking 
the map to be the earth. Newtonian physics was 
like the mai> of a small region in that* it repre- 
sented the motions of medium-sized objects 
correctly but failed to represent the infinitely 
great and the infinitely small. The new physics 
provided a map of the whole universe but 
some properties of the small map, such 
as representation in time and space and 
the old determinism, could no longer be found 
in the larger one. Just as the map-maker 
requires different kinds of maps to represent 
different aspects of the earth, theoretical physics 
provides two pictures— -the particle picture and 
the wave picture. Bohr’s theory of the hydrogen 
atom showed that the i)ai-ticle picture was 
inconsistent with Newtonian determinism— there 
was no way of predicting which particular atom 
would suddenly change in energy and radiate, as 
Einstein pointed out. But even tliis picture 
failed to represent the whole of experience. Then 
came the wave picture ; this gives a wave in 
ordinary space only for a crowd of electrons 
moving as in an electric current, hut the picture 
extends to more dimensions when other pheno- 
mena have to be represented. It has not been 
possible to combine tlie particle and the wave 
picture into one 'better representation as we can 
combine the different kinds of maps into a single 
globe. We cannot say whether it is impossible to 
arrive at such a unified picture or it is some 
ingrained habit of thought that is preventing us 
from realising it. 

In spite of this lack of a unified representation 
of the Universe, tlie relation between the particle 
and the wave picture is definitely known. The 
more stormy the waves at any point in the wave 
picture the more likely we are to find a particle at 
that point in the particle picture. Yet if the 
particles existed as points and the waves depicted 
the chances of their existing at different points of 
space — as Max\veirs law does for the molecules of 
a gas— then the gas would emit a continuous 
.spectrum instead of the line spectrum that 
is actually observed. Thus we had better 
put our " statement in the form that the 
electron is not a point-p article, but that 
if we insist on picturing it as such, then the waves 
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indicate the relative proprieties of picturing* it as 
existing at the different points of space. But 
propriety i*elativc to what ? Tlie answer is— 
relative to our own knowledge. If we know" 
nothing about an electron except that it exists, 
all places are equally likely for it, so tluit its 
weaves are uniformly spread throughout the whole 
of space. By experiment after experiment w-e 
can restrict the extent of its w*aves, but we can 
never reduce them to a point or indeed below a 
certain minimum ; the coarse-grainedness of our 
probes prevents that. Tliere is always a finite 
region of waves left. And the waves wliich are 
left depict our knowledge precisely and exactly ; 
we may say that they are waves of knowledge— or 
perhaps even better still w^'aves of imperfections of 
knowledge — of tlie position of the electron. 

But there is one surprising situation here ; the 
waves are supposed not to be a picture of our 
knowledge of Nature, but of Nature itself. That 
wmuld mean that Nature , was in our minds and 
not external to the observer. The Nature we 
study is not the object of our perceptions but is 
made up of those perceptions themselves. We 
are forced to this conclusion because whenever 
the particle picture comes into conflict w’itli the 
wave picture the wave-picture has been shown 
by observation to be the correct one. 8ucli is the 
case in G*. P. Thomson’s experiments on the 
diffraction of electrons, or in the phenomena of 
the leakage of particles through a potential 
barrier. When we retain the particle picture and 
tr3^ to explain what peculiarity allows some 
out of a number of similar particles to get 
through the barrier, w^e will have to answer that it 
is a question of chance or Fate. For example, 
when we picture light as a swarm of photons, it is 
difficult to see why a certain number of them pass 
through a semitransparent obstacle, and w’hich 
individual photons are thus singled out. Thus the 
behaviour of any indivflduai photon — whether it 
will be reflected or transmitted— is indeterminate. 
But in the wave picture the question of the indi- 
vidual photon does not arise at all and hence the 
i:)roc‘ess is quite deterministic. Similarly, the 
principle of Pauli shows that an electric current 
should not be thought of as a swarm of identifi- 
able electric particles. If two electrons collide 
and go off in two different directions ’we have no 
right to say that the latter electrons are tlie same 
as those tliat collided. The determinism which 
appears in the new pliysics is one of waves and so, 
in the last resort, of knowledge. Where we are 
not ourselves concerned we can say that event 
follows event : w"here we are concerned^ only tliat 
knowledge follows knowledge. And even this 
knowledge is one only of probabilities and not of 
certainties. So it is impossible to decide whetlier 
our minds can change what is happening in reality 
or wli ether they only make it look different. Tim 
problem of free-will will hence remain a debatable 
question which cannot receive a definite answmr. 
We cannot say that materialism is dead, but it 
has to be so refined that it may be doubted 
whether it may still be called materialism. The 
objective and material universe of the Victorian 
scientist is shown to consist of little more than 
constructs of our own minds. But the problem 
arises— why should all our minds construct the 
same nature? Sir .Tames Jeans answers that 
it is probably because all our minds are parts of 
one wholey our individualisni. being merged in the 


stream of life when we cease to view ourselves in 
space and time. 

Sir James then proceeded to show how the 
complaint tliat all our modern woes of unemploy- 
ment and competition were due to the indiscrimi- 
nate advance of science was nob entirely well 
founded. He pointed out that the tragedy lay 
not in man’s control over Nature but in the 
absence of moral control over himself. The 
remedy lies not in giving up science, but in 
extending its methods to other walks of life, by 
means of the science of psychology for instance. 
If economic depression and unemployment arise 
from rationalisation and scientific efficiency, 
science also provides new avenues of employment 
by creating new industries. It is certainly safer 
to solve the problem tliis way than to scrap 
science and sit patiently waiting for the cata- 
strophe due to increase of population to come to u.s 
in the form of war, famine and disease. Nor is it 
right to decry pure science, for no investigator 
knows beforehand what discovery he is going to 
make and in wdiat w^ay it can be applied. If 
pure science is stifled, ax^plied science will be 
nipped in the bud. So Sir James concludes by 
exhorting all thinking men and women to ponder 
and decide whether it is better to risk the fate of 
that over-ambitious scientist Icarus, rather than 
resign ourselves without an effort to the fate 
which has befallen the bees and ants. 

Mathematical and Physical Sciencesi 
President: Prof. TI. M. MacDonald, O.B.E., 
LL.D., F.B.S. 

“THEORIES OF LIGHT.” 

The early^ theories of light started on the basis 
of a comparison with the way in which our other 
senses are affected. One view advocated by 
Empedocles took a hint from the sense of smell 
and imag-ined light to be some sort of emanation 
of particles from the luminous body ; the other 
put forward by Aristotle compared light with 
sound and regarded it as undulations generated 
by the source. These views were i^evived in a 
more definite and quantitative form by Newton 
and Huy^ghens resxDectively. The ease with 
which the corpuscular theory accounted for 
rectilinear xoropagation and Newton’s authority 
conspired to bring this theory into general accex:>t- 
ance until the beginning of the nineteenth centin?y 
when Young showed how the -wave-theory could 
be made to yield an explanation for the formation 
of shadows. The phenomena of interference, 
diffraction and particularly of polarisation were 
seized ux^on by Fresnel to establish the wave- 
theory on a secure foundation. Fresnel and 
Young w"ere able to show that the light disturbance 
was propagated as transverse waves and Fresnel 
succeeded in explaining the optical properties of 
crystalline media and also the distribution of 
intensity and the polari ration of the reflected 
and refracted beams — a x^i’oblem wbicli had 
only found an ad hoc qualitative explanation in 
Newton’s hypothesis of fits of easy reflection and 
easy transmission. 

Now began a series of researches with the 
object of deducing the properties of the light-waves 
analytically from hyx^otheses as to the nature 
of the medium — ^the luminiferous mther — which 
transmitted the luminous disturbance, Cauchy 
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w as first to (hwclop such a, tla^ury ; on 

(Jrcaaj (lisciiss(‘(l tlic prohhun Troin a. (u()r(‘ i>t*ri(‘ra:l. 
N'itWN point , only assuiuinjj; t hat. tlu‘ mut ual a.ciioti 
of portioJis of t he (‘la.st ic ru<‘<lium \\'ct'(‘ such t.hat. 
they p(>ss(‘sse(l a. work I’uuctioii. I!(‘ sliowaai 
that this function in\-olv(9l only t.\vo (‘onshiiits 
in the cas(‘ of isoti’opi(‘ lionio^'cuK^ous l>o(li(‘s a, ml 
that tin* V(‘locity of propagation of noriua.l wa,vi‘s 
must h(‘ in(init{‘ if t h(‘ UKslium is sta.hl(‘. 'Tlu^ 
(lifT<'rt*nc(‘ h(‘t\V(‘(‘n two isott'opic honioL];‘(UHM)us 
nuMlia is assunusl to h(' a. <lirf(M‘(‘nc(‘ in tlu'ir 
densities arid formula- ar(‘ obtaimal a.}j:r(‘(Mipu; with 
t hos(‘ of I'’r<‘sn<‘l accurat (‘ly in t he ca,se of wa.V(‘s 
polari <‘d in Mu' ])latu‘ of im*id(MU‘(‘, a.nd a.])])roKi- 
inal<‘l\‘ in th(‘ case of w'aAt's [)oIa.ris(‘d p(‘r- 
pendicular to this plan(‘. {«lr(‘<*n also assimu'd 
that tlu‘ lijn'ld' v<‘ctor u'as p(‘rp(‘ndic.uhir t.o t.lu‘ 
plane of polarisation in aiAiMaunent. w'ith h''r(‘sm‘l 
W‘hii(‘ (’auchy had assunu'd it. to h<‘ in that. pta,n(‘. 

In 1 lu'se inv(^st ijA'at ions (Insm usihI a. ^•C‘uera.1 
dynamical m<‘t hod du<‘ t.o ha|j;’ran; 4 ‘(‘ and ext.('nd- 
inp: it to th<‘ cas(‘ of crystallim^ nualia, h(‘ shovv(‘d 
that in ordtu' to arriv(‘ ah hha^sm-rs rt‘sidt.s one 
ha<l to assum<‘ (‘xt I’aiu'ous forc(‘s. (’a.uchy a, Iso 
cam(‘ to the sanu^ conclusion tha.t. a.n (‘la.st.ic. solid 
nuaiium which is S(‘ir-conta.in(Ml a.nd fi‘(M‘ fi-oiu 
(‘xt(‘rnal constraints catmot. ac<u)unt. for t-lu^ 
ohs(‘rv<‘d facts. N’a.rious niodillca-tions of this 
t h(‘ory W(U‘(‘ advancish for (‘xa.mphn hy Lord 
K(‘lvin, hut- tlu* final upshot, of it. a.ll was t-o show 
t hat t h(‘ (‘last ic solid t.h(‘orv could not. u:iv(‘ h''rc!S!i(‘rs 
i'(‘svdts without- furt-h(‘r hypot.h(‘S(‘s a.nd t.hat 
ajjir(‘(‘m(‘nt wit h h'i'(‘sn(‘rs r(‘sidt.s m(‘a.nt a.^‘r(‘(‘iu(‘nt 
with natur(‘. 

d'h(‘ n(‘xt. important. a.dvanc(‘ was du(‘ to Ka.rada.y 
who shoW(‘d that, tlu' j)la.n(‘ of pola.nsa.tion is 
rot-at(‘d hy a ma,^’n(‘lic li(‘l(l. h'a.i‘a.da.y’s vi(wvs 

about li^iii show' his k(*(‘!v sci(‘tit.iti(^ a.cunKHi a.nd 
ar(‘ nea?'(*r to mod(‘rn id<‘as t.ha.rj <‘V(‘n Maxwell’s 
th(‘ory. Karada.y t.houKht that tlu' assumption 
of aii a'tlier w'a.s not. (‘SS(‘nt.ia.I for und(‘rst.a.ndin^- 
li^’ht wa v(‘s ; t h(*y are a.c(a)i*ding* t-o him a. “ hi^di 
species of vihra.fion in tin* lin(‘s of f()r(‘.(‘”. (Tlu^ 
luodern vi(‘W' followiu};’ ui)on tlu* l{.(‘lativit.y t.lu'ory 
also dis(’ar(ls a,n a*t.h(‘i* a.nd conl.(‘inpla.t.(‘s vibra.- 
t ions of th(‘ el(‘ct.ric a.nd ma.p,*n<‘lic v<‘c.t.oi‘s w^it-hont 
any thouj^ht- for a, m(‘dium.) Ma.xwa‘ll on t.Iu^ 
ot-h(‘r liand at.t.(‘mpt.(‘(l a. dyna.mic.a,! t.h(‘()ry ba.S(‘d 
on t h(‘ prop(‘rt i(‘s of an a‘i.h(‘r which lK‘ha.v(‘(l lilv(’: 
an isotropi<^ di(‘l(‘ct.ric a.nd w'hicli vva.s a.ssuni(‘d 
to h(‘ abl(‘ t-o possess bot-b pot.(‘tiit.ia.l a.n(l kimd.ic. 
(‘n(U‘jy;y. Ih* put t-lu* la.ws of Amp('‘r(‘ a-nd Kara(la.y 
into a ]i;(m(‘ral ma.th(‘ma.t.ica.l form a, ml obt.a.im‘d his 
fanioiiK (‘(piations. 11 <‘ also i‘<‘i)la,c.(‘d t.lu^ (‘xpr(^s- 
sioti for i.h(‘ (‘l(‘(d.rokim‘t.i(r (‘mu’^-y by onn, whic.b 
j^-iv(‘S t.h(‘ (‘m‘ri;‘y in t.(‘rms of t.h(‘ ina.t;'n(‘t.ic. fore.e., 
hy a. pr(»ccss of iut.(‘}j;’rait ion by i)a.rt'S wduMaun 
t.h(^ sui‘fa.c(‘ inU^jA’ra.l is n(‘p;l(‘ct'(‘d on th(> j^-rouivd 
t hat. at. f4r(*a,t (list.a.nc(‘S it. t.(‘nds to z(‘ro ; but 
in this h(‘ oV(‘i*look(‘d t.h(‘ fa.ct. that t.h(‘ law t)l 
variation of a. lua.j^'m'tic^ li(‘hi w'ith^ (list.ancH‘. is 
not. t.h(‘ sa,m(‘ w'h(‘n tlu' tu‘ld is varyiiiji,* as when 
it. is st.(‘a.dy. now<‘vc‘r, this (‘xpnsssion is not 
us(‘ti in d(‘(’hH‘inji: his (‘qua.t.iot\s which ar(‘. thus 
una.rf(‘ct(‘d. According* to Ka-ra-day, how<?v(u% it is 
not t.h(‘ a‘th(‘r t.hat perva.(l(,\s a, 11, space but the 
forc(‘S of t.h(‘ atomic (‘.entivs ))ervade all bodies, 
and it is tlu'. vibration of tlu‘. lines of forcti and 
not tliat of the jiarts of tlu^ a'tliei* tliat is 
i‘(\sponsible for th(‘ pi'opagation of electro-magnetic 
disturba.nce. Tlie. coxiBcqiiencc of identifying light 
\va.V(‘S w'it.b cl(‘ctro-magn(‘tic disturbances was to 
ena.t)Io tlio velocity of light to be determined by 
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finding tlie ratio of the electro -magnetic and 
electrostaticj units of electric force. 

('Onsistently \vith the above, the effect of 
nia-terial media can be represented by electric 
and magnetic cunents throughout the space 
occupied by the material medium and these 
(‘hnd.ric and magnetic currents may be supposed 
t.o be due to the motion of electric charges and 
nuigimtic ])articles, /.c., tlie medium can be replaced 
by a distribution of electric and magnetic 
osc.illators. When an electro-magnetic disturb- 
;im*,e passes through such a medium the motion of 
the oscillators is disturbed and under certain 
conditions small oscillations will be set up about 
steady states of motion. The material of the 
luediutn may he considered to be transparent to 
such wav(‘s as set ip) only small oscillations, i.e., 
th()S(‘ wliose frcipioncy is not near the natural 
fr(‘(pu‘nci(‘s of the oscillatoes. Fresnel’s results 
for the intensity and polarisation of the reflected 
and refracted waves as well as Ins results for 
crystalline media can be obtained on this view 
without further hypothesis. Faraday’s results for 
the j'otation of tlie plane of polarisation also 
follow immediately. The view also shows that 
tlu‘r(^ are ranges of frequencies for which a medium 
is transparent and other ranges for which it is 
not transparent. The calculation in the case of 
these latter frequencies involves additional 
hyi^othcses. 

'■phe above theory is not a mechanical theory 
in the sense that a machine can be constructed 
whose motions resemble those of light. The 
form of the electroldnetic energy function leads 
us to doubt whether all time rates of change 
can be represented by the motion of points in 
s])ace. We may have to contemplate time rates 
of cha.nge which do not involve changes of position 
in space although they satisfy the laws of 
dynamics. A possible hypothesis is that physical 
])h(‘.nomena are due to the interaction of time 
ra.t('s of change which satisfy the laws of dynamics. 
Idle Lagrangian function will then be a homogene- 
ous (piadratic function of all tlie time rates of 
changes. In practice some of these rates are 
observed while otliers are not ; the experiment- 
ally deduced Lagrangian function will then be 
a modilied one, not involving the unobserved 
changes. 

Chemistry. 

President: PiiOP. T. M. Lowry, F.B.S. 


“ PHYSICAL METHODS IN CHEMISTRY.” 

In las Presidential Address to the Ch(3mistry 
ioction Prof. T. M. Lowry has taken for his sub- 
ject riiysical Methods in Chemistry vSuch is the 
■iigtulicance of this topic at the present times that 
i-t lias also formed the theme of a symposium held 
r(‘contlv by the Deutsche Bunsen-G esellschaft at 

Bonn (Z. Blectrochcrn., July 1934). Some of the 
many extremely interesting remarks made by the 
lecturer in Ins introduction are best quoted in 
almost his own words : “ One of the most impor- 
tant features of scientific progress the 

present century has been the renewal oi the ola 
intimate ft-llowship between ciiemistry pd physics. 
(il)emi.sts who are no longer competent physicists 
and nhysicists who liave little or no sympathy with 
chemical problems are a great loss to both s(nences. 
The efficiency of my own Laboratory of physical 
chemistry at Cambridge and the pleasure I 

derive from directing it depend largely on the fact 
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that the workers in the laboratory consist of che- 
mists and physicists in approximately equal 
numbers, so that we are equally well equipped for 
work in the older physical chemistry and in the 
newer chemical physics. Indeed our chief need at 
the present time is for larger numbers of organic 
chemists to undertake researclies in physical 
chemistry of organic compounds. ” 

Brief reference is made to some of the principal 
contributions which physics has made to the pro- 
gress of chemistry during the present century, 
sucli as tlie theory of atomic numbers, develop- 
ments in tlie field of nuclear chemistry through 
the use of new projectiles for bombarding the 
nucleus, and the phenomena of X-ray and electron 
diffraction of molecules. Prof. Lowry then proceeds 
to give a graphic description of his 4.0 years of 
research work on the subject of optical rotation, 
and how from his first piece of work on the stereo 
chemistry of a-derivatives of camphor, “ happy 
chances ” led him on step by step from one 
discovery to another, from the discovery of 
rnufarotation to its interpretation as an example of 
dijnamic isomerism and its dependence on extra 
molecular circumstances. It was particularly 
observed that an amphoteric solvent must be 
provided to servo as a complete catalyst for this 
isomeric change in which a H atom migrates from 
one position to another (prototropy). This dis- 
covery was linked up in 1923 to an extended 
definition of acids and bases as proton donors and 
acceptors, an idea which w'as described more fully 
by Breasted Cv few months later. This process of 
isomeric change can be regarded as an electrolysis 
of the organfe molecule between the positive and 
negative poles provided by the acid and basic 
components of the amphoteric solvent. 

Attention was then naturally directed to more 
quantitative studies of optical rotation and its 
change with the wavelength, i.e., the dispersion. 
D rude’s equation can express completely the 
rotatory dispersion for transparent media up to 
the extreme limits of accuracy now attainable. In 
general normal dispersion can be expressed with 
but one term of this equation, while anomalous 
dispersion requires the use of two terms of opposite 
sign. Dispersions can also be classified into simple 
and complex, according as they require one or 
more terms of Drude’s equation. Simple rotatory 
dispersion, however, does not imply the existence of 
only one single partial rotation, but merely 
indicates that the partial rotations of the molecule 
can in practice be covered by one term of Drude’s 
equation. Thus, in the remarkable case of tetra- 
acetyl-/a-arabinose H (CHOAc).iCHO, the partial 
rotations associated with the three asymmetric 
carbon atoms cancel out, and the whole of the 
rotatory power is due to the partial rotation 
associated with the carbonyl group. This gives 
rise to a simple rotatory dispersion in the region of 
transparency. In the region of absorption it gives 
a symmetrical loop, with equal and opposite 
maxima [a] = ± 1200°, on either side of a zero 
rotation at 2909 A. XT. The dispersion in the 
absorption region is a complicated phenomenon, 
on account of the presence of damping factors 
which are discarded in Drude’s simple equation 
for the transparent region. The attempts of Kuhn 
and Braun and of Hudson have been only partially 
successful in expressing accurately this dispersion. 
The sugar derivatives tetra-, and penta-acetyl-^ 
fructose provide ideal material for an experimental 


study of the form of the curves of rotatory dispei.*- 
sion in the region of absorption since the partial 
rotation associa.ted with the carbonyl radical has 
been isolated automatically by a fortunate process 
of cancellation of the partial rotations of the 
asymmetric carbon atoms. 

Regarding the origin of optical rotatory power, 
the real theory may be found hj the mathemati- 
cians, but is concealed from the cliemist, in the 
papers of Born, who recognised tha,t four coupled 
electrons are required, to produce optical rotatory 
power. Further advances appear to depend on 
reverting to this basis, in place of Drude’s single 
spirally controlled vibrator, or Kuhn’s two dis- 
symmetrically coupled electrons. In the case of 
camphor we are dealing with an intra- molecular 
field of force which induces dissymmetry in the 
highly polarisable carbonyl group, rather than with 
asymmetric carbon atoms, which in the case of the 
sugar derivatives referred to, make no direct 
contribution of any importance to the rotatory 
power of the molecule. 

The attempt made nearly ten years ago by de 
Mallemann, to predict the sign and magnitude of 
rotation of a molecule, assumed for purposes of 
computation single atoms as isotropic spheres. 
S. F. Boys has recently extended this postulate 
from single atoms to radicals, and has been able to 
deduce for four of the simplest alcohols and 
amines rotations which are of very similar magni- 
tude to those observed experimentally. As this 
extension to radicals such as CH 2 OH is certainly 
not valid, the agreement is perhaps more of the 
nature of coincidence. Besides, this formula can- 
not represent even qualitatively the anomalous 
rotatory dispersion of aldehydes and ketones in 
the region of absorption. No theory of optical 
rotatory power which is limited to the region of 
transparency can be regarded as satisfactory, 
and further progress must depend on an intensive 
study of rotatory dispersion in the region of 
absorption. When perhaps one has been able to 
determine by the methods of wave mechanics the 
conditions under which the electronic cloud of the 
carbonyl radical becomes optically active, and the 
factors which determine the magnitude of its 
partial rotation in order to provide a complete 
solution for this special case, the way will be paved 
for a general solution of the whole problem. 

Geology. 

President: Prof. W. T. Gordon, M.A., D.Sc. 
“PLANT LIFE AND PHILOSOPHY OF GEOLOGY.” 

The Presidential Address by Prof. W. T- Gordon 
to the Geology section of the recent meeting at 
Aberdeen, of the British Association for the 
Advancement of Science, deals with “ Plant Life 
and the Philosophy of Geology”. The paper is 
largely historical in character and begins with 
the palaeontological ideas of the Greek and 
Roman philosophers. In these early times al- 
though many geological processes and phenomena 
were known, there was no science of Geology. 
Even in mediaeval times the idea still prevailed 
that fossils were produced in the earth by ‘‘ stone- 
forming essences ” ; although there were few like 
Leonardo da Vinci and Fracastoro who recognised 
the important fact, that fossils were true organic 
remains buried in the rocks of the earth’s crust. 
The earlier people must have had ample opportu- 
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ni<i4‘s <>r inicarihir)f>- fossil reniains during the 
va.l ions loi* laixks, foimdalions, etc. ; tiie pau- 
c-ity ol io sucii. Tossils in cont.(‘iupora.rv 

lihu'a.f uiv <‘an only a,ttril)ut(Hl to an apathy a, nd 
<‘xtraordinary laek of int crest in. tlieni. (iradnally, 
ho\v(iver, t!u‘ orga,nic nat.ui‘(M>i; fossils was estab- 
lish(‘d as a, principle of scdcuiti/ic philosophy and 
(‘ven so (‘arly as th(‘ sixtccnith century they ‘came 
to b(* s(u<li(Ml in t he proper spirit and method of 
ernjuii'v ; a.tid during t his p('i*i()d fossil plants came 
in lor a. lot' of a.ll,ent/i<3n in tlie liands of sucli 
\vork(‘rs lilc^ Palissy, St(‘iio, Itobert I looke, Martin 
l /isl.<*r a, ml .lolui W'oodwn.rd. ''Pluis tlio stimulation 
lor t li(‘ collect ion of fossil plants increased a, nd the 
lit.«‘rat ur(‘ ih'aling wiiJi t lunu Ix^gan to gi'ovv vvdiicli 
involv(Ml not. only t,h(‘ pa.la'.ontological as{)e<‘t but 
it s apjdiea.tion to Ia,!*K(n' geologies,! problems. 

hossil Hot.any a.s a. S(ut‘nce was initiat.(‘(l by 
Adolpln* Hrot\gniart. wlunv^ in 1S2S he x)ii])lis]i(Hl 
t in' first. ))art' of his ““J Hst.ori d<‘s V(‘getaux fossilcs”, 
wit.lj t'he illumina,t.ing sid)-tit.l(» “ .Hotanica.1 and 
(b'ologica.l H('sea,i‘c.ht's on the Plants sealed up in 
t 1 h‘ differ’ent. Ho(d;s of the hharth This important 
publica.tiori i)la.ce(l t.ln^ study of fossil plants on a 
seic'ut ili<* basis and Hrongniart wc'll (h'serves the 
t ii-le of t In' h^it ln'i' of hossil ,Ih)tany. VVlhle those 
res(‘arcln's wa'H' based mainly on tin', study of in- 
erust at ions of ])lant.s, a. iic^w nu'tlnxl was devised by 
Ib'ury ^^'itban\ in ISdB for the investigation of 
t In'ir int <‘rnal sti'ueturt^ by the examination of 
t hin s<'ct ions. ''Pin' advt'nt of tliis new technicpie 
nt-oiu'c' diviiletl tlu' stiuly of fossil plants into two 
set'tions oiu' biologicevl a.tid t ln'otln'r stratigraplii- 
cah As a. direc'.t r<‘sult of t^lie d('V(‘loi)m('nt of the 
st udy of st ructure of phint fossils we se(^ 

t in' I’i'eognit ion of su<d\ groups as Psilopb yt.ales, 
IM.i'i'idospc'i’ins and (kiytoniah'S, groups wbic-h 
throw <’o:JsitIera,bl(‘ light on t.ln' aina'stry of the 
dilTen'ut phyla, of tln^ pla.nt kingdoTu. Further, 
similar microsc.opie studit^H <ma,bUMl Kidston a.nd 
ot.lu'i'S t.o sliow t in' dist.iuct.i ve mit.urc^ of tb(^ floras 
in geological tinn'S and their utility for stra,t.igra- 
phieal ('orr<*la.t ion. Anotlu'r ])has(' of L‘(‘searcU 
in plant, pala'onf.ology is tin' ipiantit-ativa' type 
wliich has Ix'eii (*xpior<nl by Da.vid Davies vvit.b 
siudi striking results in tlu^ <a)rr(‘lat.ion of coal 
st'auis ov<‘r wich' ai-t'as, (‘sp(H'ia,lly from tin' spore 
conit'ut. of t.h(‘. coal. ''rh<‘. a,dv(‘nt of the jnnv 
t.<‘i‘luu(pu‘ r(‘c(*ntly iut rod inu'd in lt)M2 by Ilick- 
lirig and Marshall on t lic st udy of btvrk striieiures 
will soon (‘ua,bl(‘ us t.o know a.(!(aira.t<‘ly t.ln' pla,»its 
t.ba.t. ma.(h‘ tln^ actua,! <:oa,l, wlndln'i- tin' bark, 
W(>o<l, or s])<)res and in what proportions tln'y 
ha.v(M)ccurr(‘(l. At. t.be pr(‘S(‘nt time, not only the 
larnl aanl swamp flora, <.)f Die ca,rl)oniferous age 
has h<‘(‘n used as /.ona.l iiul('X(‘S but dm) to the 
r<'s<‘ar<-in*s of ( tarvvood , the ina,rir\(’: alga'. f)l tha.t 
ng<' l»a.V(^ also b<'('n la.rgely (‘uiidoye.d in zonal 
(•ori’(‘lat ion. 

Having lU'alt/ wit h tlu' D(U'nu)ca,rhonif('rous flora 
of hlurojx' a.nd North .Aitu'rica th(‘. author ref<n's to 
tin' (dossopteris flora, of the (hmdwana-land and 
its association with c.lea.i'ly marked glacial pVnmo- 
nnma. 'Pin' a.ctua,l cause's tor such climatic change's 
ami tin' ])rohable distribution of land ami waiter 
during i.his period are': epiestions whiedi still await a 
sa,t.isfa,e:te)ry solution, which will be possible only 
n,fte'r a ehitailed study is made of other contempo- 
raneous novas such as the Gigantopteris flora of 
Ghina and Korea, the Angaraland flora of Siberia 
and i-he upper Permian flora of the Grand Canyon 
of the Colorado. 


Many important results have been obtained from 
a, botanical point of view by the study of the Meso- 
zoic floras and these show few survivals from the 
Pakeozoic period. During upper cretaceous times 
a sudden change is observable from the Mesozoic to 
the Tertiary Angiospermous flora. It has been 
suggested that the Cenomanian transgression was 
a. iiictor responsible for this change according 
to Prof. Gordon. This suggestion is valuable and 
W'ortli exploring. The study of the early Tertiary 
floi'iis shows the preponderance of arborescent 
Angiosperms, a feature of tropical and sub-tropical 
climate and these plants probably migrated from 
the north to their xiresent habitat. 

On account of the clearly marked zonal distri- 
bution of plants to-day it has long been held 
that fossil plants are good indexes of climatic 
zones in past time. Decent studies have shown 
that the position in this regard is not so definite as 
was formerly maintained ; and it is possible as 
Prof. Seward put it tliat the value of fossil plants 
as indexes of climate has been over-estimated. 
While it is no doubt generally true that plants do 
a-fford an index of climatic changes and that these 
changes have been very considerable in past times— 
the actual explanation of such changes is becoming 
more and more controversial. Ne’w methods of 
research are coming into vogue and these are 
discovering new links in the chain of ideas with 
which fossil plants have affected the Philosophy 
of G eology . 

Zoology. 

Prcfivient: E. S. Dltssbll, O.B.E., D.Sc. 

‘‘ THE STUDY OF BEHAVIOUR.” 

Tub addi'ess continues the discussion begun by 
Dr. Gray in Jus Presidential Address to this section 
last year, viz,, that the organism has properties 
and potentialities as a wdiole which are not 
reducible to tbe properties shown at the chemical 
level. It is regrettable that the study of animal 
bcdiaviour has been largely neglected in the study 
of general zoology, so much so that it has become 
the ])rovince of physiologist and psychologi.st 
iK'ither of w'hom is, as a rule, sufficient of a 
naturalist to appreciate the full biological signifi- 
cance of the behaviour observed in the laboratory”. 
For a, complete comprehension of tlie life processes 
of an animal, it is obvious that the zoologist must 
obtain direct information of its behaviour in the 
field. Interest in field study of animals is alive 
among botli pi'ofessional and amateur zoologists 
and OT\e of tlie most significant developments of 
r<'c(‘nt yi^ars has been the growth of the Oxford 
School of Animal Ecologists established by Charles 
Elton. Still in England the study of animal 
b('b;wiour as a science has not taken its appro- 
priate ])lace as an integral part of zoology either in 
research or in teaching, and this unsatisfactory 
stat.e of affairs is to be explained by the influence 
which the metaphysical doctrines of the seven- 
toentli century exerted upon biology. Descartes 
who in many respects imbibed the philocopic 
theories of the middle ages and was at the 
same time under tbe influence of the physical and 
cosmological conceptions introduced by Copernicus 
and Galileo imposed on biology tbe classical 
doctrine of materialism with its absolute separa- 
tion of mind and matter as its working method. 
This dualistic conception of Nature which has 
raised the most baffling problems with which 
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liuman mind is confronted, has diverted biology 
from its proper method of investigation. In their 
ultimate analysis, matter and mind instead of 
being actual realities, tend to become abstract 
concepts, the product of reflective intelligence 
working upon the data of immediate experience 
Subjective experience in certain of its aspects is a 
function of the organism as a whole, instead of 
being that of pure mind; and all objective ex- 
perience is a relation between the organism and 
the processes or events external to the organism. 
According to this theory of abstract dualism, an 
organism is conceived as a machine with the 
ghost of a mind hovering round or within it On 
this basis the science of animal behaviour becomes 
an impossibility. The physiologist has nothing to 
do with mind and the psychologist finds that 
he can know nothing directly about the minds 
of organisms. Under these circumstances, the 
scientific study of behaviour is divorced from 
natural history and ceases to be an integral part of 
zoology. 

The main business of a zoologist is not to 
concern himself with the metapliysical views of 
mind and matter, but to study animals in action, 
in their natural homes and haunts and in their 
association with other organisms. The analytical 
or physico-chemical method of approach is not 
a fruitful one, but the alternative one of treating 
the organism as a whole and working down to the 
parts represents perliaps a simpler and more direct 
view of living things. There is thus no such thing 
as living matter, the subject of physico-chemical 
investigation, — except as part of •. an organised 
unity. An organism is an organised unity showing 
the activities of maintenance, development and 
reproduction which are directive or purposive and 
in which it differs from non-living objects. In this 
conception of the activities of the organisms, 
the time factor must necessarily enter and the 
organism is essentially “ a spatio-temporal process, 
a dynamic pattern in time Viewed from this 
standpoint, the behaviour of all organisms is 
reduced to a kind of activity which does not 
require “ mind ” as an immaterial entity to explain 
it. The central position of the modern organismal 
biology is to substitute the concept of organism 
for the concepts of matter and mind. The 
organismal tlieory does not admit of difference 
between life and mind, i.e., between the purely 
vital activities and psychological processes. The 
behaviour of an organism can be studied indepen- 
dently of its subjective experience and in this 
study it may perhaps be necessary to use terms of 
psychological implication. In attempting to 
analyse a total organic event or process, it may 
be necessary to break up the behaviour into 
•parts, which are unreal in the sense that they are 
abstract and can acquire significance only wdien 
related to the wdiole process. It may be necessary 
to analyse the organic activities for obtaining a 
deeper knowledge, bat the abstract picture so 
obtained has to be corrected by reintegrating the 
part in the whole. 

The science of animal behaviour must begin 
witli a study of the natural history and ecology 
of the animal. The zoologist has to find out how 
an animal conforms to its ecological norm, how 
•through adaptation both in structure and activity 
the animal maintains itself, defends itself against 
enemies and procures food, and this study of 
habits is the basis of the science of animal behavi- 


our. Very often a single directive activity is part 
of a general directive process of long range which 
may take months to reach its goal and in order to 
understand it, we may have to relate it to the 
general process of which it is a part. The general 
rule of organismal biology is that the wdiole life- 
cycle of activity must be regarded as the primary 
thing and the parts of it isolated for study must 
be integrated in the whole activity. 

How is behaviour initiated ? According to 
Pavlov the answer would be that behaviour is 
essentially an automatic response to external or 
internal stimuli. This analytical and plrysiologi- 
cal view is an incomplete explanation as has been 
shown by K. S. Lash ley and the Gestalt psycho- 
logists, and perhaps K-Koffika’s theory comes 
nearest to express the truth. According to tlie 
latter author reflexes are passive modes of beha- 
viour wliich depend on the fact that some stimu- 
lation has taken place, wdiile instinctive behaviour 
is, by contrast, significantly active in its search 
for stimuli. A great part of the behaviour of 
animals is normally response to needs and not to 
external stimulation, though it is true that to a 
considerable extent, behaviour is influenced by 
events in the animals ’ environment. The whole 
trend of modem w^orkon the perception of animals 
establishes that they do not normally respond to 
simple physico-chemical stimuli but to more or 
less complex whole-situations. This is the cardinal 
I)ointin Gestaltian theory. 

The address sets out to establish two central 
points. One of them is that biology must get rid 
of the tlieories of materialism of the seventeenth 
century imposed upon it, because tlie metaphysical 
Oartisian doctrines do not accord with tlie modern 
development of sciences and are not adapted to the 
study of living things. The second point is that an 
organism is to be conceived as a four-dimensional 
whole or directive cyclical process and that the 
relation of behavioural activities to physiological 
is not the relation of mental to physical activities, 
but is relation of a wdiole spatio-temporal directive 
process to its parts. 

Geography. 

President : Prop. Alan G . Ogilvie, O.B.E. 
‘^CO-OPERATIVE RESEARCH IN GEOGRAPHY 
WITH AN AFRICAN EXAMPLE.” 

The body of knowledge which lias been incorpo- 
rated in geographical literature represents contri- 
butions by workers in different fields, and geo- 
graphers therefore have, in dealing with tlie data 
placed before them for synthesis, drawn conclu- 
sions from them, witliout possessing the opportu- 
nity of even veilfying them. It is almost 
imxDossible to obtain an adequate picture of the 
World in all its multifarious aspects until and 
unless the component parts of this amazingly 
bewildering picture are fully represented on the 
canvas. Manifestly it is beyond the powers of 
man to be an expert in all the branches of 
knowledge and the geographer has to rely on the 
facts collected laboriously by other workers and 
where detailed information in any department of 
knowledge is wanting the observations and 
generalisations of geographical science must rest 
on insecure foundations. 

The idea of collaboration in geographical 
research is not new. The method generally 
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pinsu('(! coiisists in ihc' concuniti'ntioii upon n 
work by sp(‘(u;ilists in dihVrent 
sci«‘nr<‘s, wlio prodiuM' individual inoiuyirraphs 
us<‘d for t Ih^ (‘oucbidini;' j;(‘(>^i*a,})irK‘.al volinne in 
wliirh all t ]ii‘ Taids aia^ lirUc(Ml a,nd synihosis<‘d. 
Our inrornia, 1-ion of La,ku Ibila.ton and ils vicinity 
is du(‘ to such (‘o-oporati VC (dTorl und(u*l.ak(^n by 
ihr 1 1 unp:a.ria.n ( l(‘ 0 }j,'raphical vSocicd.y in IS91, in 
M*hi(*ii nearly a- hundred (Contributors wor(‘ 
<‘i 4 ;ap:ed. 'The' I nt(‘rna.ti()nal (jic()}^”ra,i>hi(‘arUnion 
also ))romol.<‘s co-opta'a! ivac i’(‘S{‘a,r(ch in various 
subjiM’ts, t he majorit y of \vhi(‘.h a, r<‘. of a pliysica.1 
ehai’act er. 'riauM* arc* similar (>r;jjanisations such 
as t he I n( (‘mat ional (Jlae.ier ('onunission, the 
Ivoyal ( ieo^'ra,})lue.a,l SoedO-y and Sir John 
Murray's Survt'y of Seot-tish 1 jorlis, enpxi»;(Hl on 
promotin'.!; jj;-eop:raphi(*aJ inv(‘sti^-ations. Intccr- 

nal iotial (h‘o;^rapliieal C'ommissions d(‘a.l witli the 
probh'ms oT human g'oo^raphy. 'Types of H.ural 
Ila.hitathm a.nd Uaeial (’uitin*(‘S, the studies of 
(b'rma.n }j:«‘o^ra plan’s Ujxm selt-hnutaits in the vari- 
ous r(‘ij;ions of t he woi'ld, ha.v{’ produced a mass of 
inrormal ion most- va.lual)l(c t.o t lc’ development of 
‘^'(’o^'raphieal seitmee;: but. the most striking in- 
st-anetc of or}j;anised )A'(‘ 0 }i;ra,])hi<‘.a.l inv('.st ignition 
desie:ned to lu’ of (h‘tlnit.(c a(lvanta.^(’ to national 
planning: is that of th(‘ Ann’i’ican (hco^’raphical 
r<‘!a.(inK to prol)h‘msol' fiiomnu’ setthnnemt 
throuf^hout. th(‘ world. 

'riu’ ('ontimml. of Arri<ca. has during the ])ast 
(b’cade r«‘r(*ived in(‘i'(’asing int(‘re.st' and the infor- 
I nation W(‘ already poss(‘Ss of its p(‘opl(‘, its st.vuc- 
tiu’al and physii'al c.oniiguration, fauna and tlora, 
t he lake systems and t he grcait. wat(‘r-wa.ys, its 
na.t ural pi’oduet s and (•linuvt'(’, is bewildering. '^li'hc’ 
flit ur(‘ of ( In* Afi’iean races holds s{K*(cia.l inb’H’st 
and before’ arriving at- a. <c()risi(ler<*d judgrmnit, 
it- is evidently neet’ssai'v to umh’rstarnl tine nat-ive 
population as tlieyai’e^ tin* liftc tlu’y head, th(‘ 
bdiefs t lu’y hold, tin’ <’Ustoms and rities tlney 
pract ise, t lieir family and social orga.nisaUon and 
thi’ir ( K’cupat ions and spei’.ial it\t (‘rest-s. '^I’hese ar(! 
matters, no doubt, appropriate to anthropology, 
in’vei’t lu’less anthropology ha.s much to say in 
r<*gard to t in* g(‘ogf'aphicai (conti'ols a,nd inthn’inacs 
arre(d ing the mat'cri/il lir<* of th(‘S(‘ peophcarnl infor- 
mation j’ceei v(‘d frofu ant hropological st.udi('s, must 
b(‘ supplenn'ut <’d by t hos(‘ d<‘riv<’d Iroin invt’sti- 
ga ( ions of t In’ j>hysieal (‘rivironment-. '^1 he nxany 
gaps t hat (’xist' in our knowledg<’ of sonne ol. tin’ 
gi’eat coat ineids will ha.vt* to he hri(lg<’d by the 
collaboration of (‘xpeu’ts working in intccr-rdatc’d 
ti(’lds. Wit h t In* ob j(*e:t. of (com|)lethig our know- 
h’dge of tin’ huma.n geography of Nort.lnu*n 
IMnah’sia, a. Hesiaireh < ^)nmii( t.<‘(c ol t'he British 
Assoeiat ion was appoint. ed a, ini th(‘ information 
colh’ctcd by Ihis ('omniitt.(‘e in n’spect of InUcr- 
‘'I'roiiica 1 Africa is summarised in tin* address. 

'^Phe princij>al feat.ures of t-ln’ body ol knowhulge 
ohlained by t.he Research ( lommitt a.r(‘ t-hat. tine 
i-esults Were oht aim’d within ttn’ g(‘.ograj)hie.a.I 
sieftl ion : ttn’y repr(’S(‘nt. lU’W mat.ei'iat cont.rihuR’vi 
to tin* g<’ogra.phiea.l synttn’sis of a.n (*xt.r<’mely 
int(’r(*st ing r*(‘gion ; ttney r(‘lat-e t-o s[)(‘citi(c loccdi- 
ties and I’ecord tin’ hurna.n aitdions togc’t'her with 
(’Xjdanat ions in so far as t.ln’V a.re! trae.ea.bhi to 
s])i’(Mal (’ll vironmentat fax’tors; ttn’y dirc’nit atten- 
tion to a elos(‘. undc’.rstanding ot the conditioip 
of naiiv(‘’s matierial lif(i which, though simphg is 
varied. If the (Questionnaire issued by the Kc- 
search Committee should be answered as 
jirchensively by the district officials m other 


parts of Africa as those in Northern Rhodesia 
have done, and if the same questionnaire were 
addressed to otliers working in South Asian Con- 
tinent and adequate response received, theje is 
every hope tliat our knowledge of the peoples of 
these vast leiTestrial areas would become 
complete. 


Economic Science and Statistics. 


President: H.M. Hallsworth, O.B.E. 
“THE FUTURE OF RAIL TRANSPORT.’* 


With the introduction of automobiles and the 
development of coastwise traffic, the Railways are 
confronted with such a keen competition tliat 
(heir revenues are in grave danger of being 
permaiK’ritly affected. Will the Railways be ulti- 
ma, tely displaced ? This critical position for the 
I’ailway systems created by competition is 
universal, and forms one of the gravest problems 
pressing upon the nations. Since the War, partly 
on account of contraction of internal trade and 
economic depression, and partly on account of 
increasing competition, the earnings of the Rail- 
ways have steadily fallen and the retrencliment in 
the railway system has thrown out of employment 
a large number of workers and officials besides 
depreciating the stocks and sliares. The develop- 
ment of motor, coastwise and even air transport 
has been remarkable during the same period and 
the great convonionce of this mode of conveyance 
accounts for its increasing popularity. The traffic 
whicli the Railways liave lost can hardly be expect- 
(‘d to be regained. The situation becomes 
pi(iuant when wo realise tliat the coasting trade 
bids fair to compete successfully with motor 
trar)sp(n*t, l.lirough tlie evolution of Diesel-engined 
shallow* draught vessels capable of working into 
the small parts of the country, and, being fitted 
with the modern system of storage and unlading, 
can dispc’iiso with dock facilities. Perhaps the 
only relieving feature is that the rail traffic still 
holds its own in regard to transport of parcels 


over long distances. 

*riu^ creation of an adverse position such as this 
is (’utirely due to tlie apathy and want of imagina- 
tion on tiie part of the Railway companies. They 
(lid not T’calise the extent to which the road traffic 
would {lcv(?lop and did not adopt measures to 
c()p(^ with Hie new competitor. Complete confi- 
(l('ru’(’. in their establislied position rendered them 
d(‘a.r to the complaints on the part of the people 
who resorted to tlio railway ser\uce, and the 
auihoi'it.ies wei ‘(3 too slow to provide comfort to 
passengers and ensure safety to goods. And so 
long as there was no competitor, the position 
of the i’a,ilways was unassailed but things have 
gr(‘a.tly changed. The railways have to study the 
ni.’cds of their customers, attend promptly to 
complaints by altering an existing mode of (Opera- 
tion or tlie kind of service offei^ed, even if the 
(hana-nds of the passenger and tlie trader are 
(‘xperisivc to meet: and in this acquiescent mood 
lies the liope of regaining part at least ot the 
traCtic now captured by the successful rivals. R 
is true that the Railway (Road Iransport) Acts 
liave conferred on the Railway 

powers, by which they are permitted to own and 
ipemte road vehicles in any district to which 

access is afforded by the ‘^Vhprtv'^uts''the 

The companies may feel that this liberty puts h 
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competition on an equitable basis, but there 
are other conditions and notably the age-long 
prejudice against them, which might still prejudi- 
cially affect their prosperity. 

In the complex organisation of trade relations 
and the demands of the market, the distribution 
of traffic on an ideal basis must be baffling. The 
difficulties are recognised by the Royal Commis- 
sion on Transport and the Salter Committee and 
they have pointed out that it is Impossible to de- 
cide what railway services are desirable in public 
interests and wlia.t road traffic and coastwise 
shipping or what goods should in national interest 
be sent by rail, road, canal or ship. The ideal 
distribution of traffic could only be brought about 
if it were possible to secure that each piece of 
transport service, by whatever mode of transport 
it was effected, was charged for at a rate sufficient 
to cover its true cost of production. The difficul- 
ties of computing such costs are manifestly great 
and especially so in the case of both rail and road 
transport ; but a formula has to be devised, in 
the stress of competition is to be relieved, based 
on the division of functions between road, rail, 
canal and shipping and on considerations of cost 
to the operator, the price to the consumer and to 
the community. No formula can he perfect in 
view of the real distinction between the cost of 
providing a means of communication which is of 
general public benefit and the cost of its use by 
the customer. The difficulties of getting the 
public to approve of any such scheme of adjust- 
ment must be borne In mind. 

It would be fruitless to suggest that the great 
advantages conferred by road and coastwise 
traffic should be forfeited to the Railway com- 
panies and according to H. M. Hallsw^orth, the 
best solution is that the Railways should cease as 
companies and should come to be regarded as 
transport companies, undertaking a given piece of 
transport by that means or a combination of 
means which may appear to them as the most 
economic and at the same time most suited to the 
demands of the traveller and trader. This solu- 
tion would imply the absorption of road, pas- 
senger and goods, services, and is sure to give rise 
to opposition. If the whole volume of passenger 
and goods traffic can be handled by a unified 
management of Transport Companies, it can be 
car lied on on a more economic basis ; this of course 
infers that the monopoly companies have to be 
maintained at a high level of efficiency. The 
competition, despite all arrangements, is bound, 
to be there : the railways will also continue to 
provide service in cases where such service is 
most appreciated. It will regain its popularity 
if its mode of transport is economic and meete 
satisfactorily the increasing demands of the 
nation. Perhaps the experiment of bringing all 
the existing modes of transport under one 
management may solve some of the present 
difficulties. 

Engineering. 

President : Prof. Francis G. Baily, 

M.A., F.R.S.E. 

“ SOURCES OF CHEAP ELECTRIC POWER. 

At present the bulk of power in Great Britain 
is generated in power stations located near large 
cities and using superior coal, the grid merely 
serving as a link between these power units. At 


the same time there are sources of cheap power 
going to waste, which could be utilised if a change 
could be introduced in the general scheme of 
power production and distribution so as to utilise 
the grid system not merely for distribution 
purposes but also for collecting power wherever 
it can be obtained economically. 

Of the potential sources of cheap power by far the 
most important one is waste coal which at present 
is either thrown away or used very uneconomi- 
cally for supplying power to the mines. It is of 
very inferior quality and unsuitable for transport 
or cleaning, and can only be used profitably in pit- 
head stations. It represents roughly one-tenth 
of the total quantity of coal raised, and it is esti- 
mated that if 5 .9. per ton is offered for this waste 
coal 18,000,000 tons of it with an average calorific 
value of 10,000 B. Th.TJ. per lb. would become 
available in Great Britain. This is 50 per cent, 
more than the total amount of coal used in 
British power houses at present. 

In steam power stations installed at pit-head for 
utilising this coal the cost of generation would, at 
all power factors, be 0-05 pence per unit less than 
tliat in the largest modern stations. As the cost 
of generation in modern stations is about 0-25 
anna per unit at 0*4 load factor, the saving is 
appreciable and would be greater for higher load 
factors. As-mostofthe mines in Great .Britain 
could be grouped together it would be possible to 
instal large stations of 100,000 kW. capacity, which 
could be operated very economically. Even in 
cases where smaller stations of 20,000 to 30,000 kW. 
have to be installed the cost of production would 
he little different from that in the larger stations 
because, on account of their being tied to neigh- 
bouring stations by the grid system, no spare 
plant would be necessary and they could be of 
a very simple type containing two large units. 
The total cost of generation (except for rates) in 
an actual 4,000 kVih station with 2 units operating 
at 0»7 load factor and using a very low grade 
coal at 3 s. per ton, containing 40 per cent, mois- 
ture and ash, is only 0*137 pence per unit. 

Other sources of cheap power are also discussed. 
Many industries use steam at about 50 lbs. 
pressure wdiich is generated in low pressure boilers. 
If the steam were generated at high pressure, say 
350 lbs., utilised in turbines for generating power 
and exhausted at low pressures for industrial 
processes, power could be generated at a cost not 
exceeding 0-1 pence per unit. Thus tlie works 
could obtain their entire requirements for power 
at a very low cost and tlie balance could be fed 
into the grid system for distri])ution. likewise, 
the low grade gas from blast furnaces could be 
used for generating power at a low cost. The cost 
of generation in hydro-electric stations is also dis- 
cussed and it is concluded that- except in the High- 
lands of Scotland hydro-electric power would not 
compare favourably with steam generation. 

Regarding the cost of distribution, since the 
population in Great Britain has gathered to a 
large extent round the coal fields and there are 
practically no towns, except the sea-ports, that do 
not lie within easy reach of them, nearly two- 
thirds of the population would be within 40 miles 
of the coal fields and the cost of transmission from 
pit-head stations at 132 kV. (estimated at 0-02 
pence per 100 miles at 0*4 load factor) would be 
less than 0« 01 pence per unit. 
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(\msc(iU(‘!iUy, }j;rnvviithm iti pit-h(‘n.(l stations 
woiihi i’(‘siilt in an (‘c.orioniy ol* ()*()5 })enc;o ])ei* unit 
as conpjnnMl wit h -viKM'aXion in th(3 la,i*^o ])owoi* 
sf aihuis n(‘ar (.()\vns. A ploa, isalso made 

loi‘ (he r(‘(iucj,ion nniniedpa.1. rates whie.h a,re 

(‘X ( >rhi( a,nt. a.nd ()ft.(3n amount to O' 1 pence ])(‘r 
unil , \viiii<'h is of i>h(3 sa,trie oixler as t.lie cost of 
<‘oal. If this is ixvluced to O'Of) ])('nc .(3 th(‘i‘(‘ would 
l>e a lurl h<‘r saa’inj;- <)f 0*05 pimca', arul tlui selling; 
prit'c of emu't^y <’ould h(3 r(‘duc(‘d hyO'I p(‘nco. 
Sirn-e the {)r<\s(‘nl> s<‘llinf;' price for dom(‘stic 
heatini; is or\ly O-o ))eucf ptM* unit, a, reductioti 
anuund ii»} 4 : to 0 * \ wouhl briny,' in c<)nsid(‘rable 
a(hlilional domcsslic lu‘a.tiny; loUid. Simihirly, a. 
('{>nsid<‘rai)l(‘ imp!'ov<an(‘nt in the ra,ilwa,y and 
ru<d alliirjyical load may b(3 (‘N])(‘ct(Ml fi'om a. 

rtahu’lion in (he s(‘lliriy pi’icc-. As llu‘ loa.d iu- 
('rea,ses, t lien^ would Ix^ a, eorr(‘spondim>,’ improv<‘- 
numt of (he loa,d ra.ct.or a.nd ( h(3 (haisily factor, 
r«‘sul( ini!.' in a, i‘<‘due( ion of tlu! (u)st of j;'{‘n(‘ration 
aiul disl ri))u( ioT\, and a furtlu!!* ixuluction in 
s(dliii^' pri(U‘ of (au‘i*y;y would Ixuiome ])ossible. 
'rhus, ( h(‘ process <>i\c(‘ s(.a,i‘(ed by (be. reduced 
prie(‘S due (o ( h(‘ ul-ilisation of sources of chea,p 
powm* a ml a. real ucd inn in th(3 burdcai of rates 
wovdd ;y‘!’adually t^alluji* stiH‘r\< 2 ;th and put the 
(d(a*t ri(‘ supply industry on t.lu‘. roa.d to consider- 
able (h‘\'(‘lopin<‘nt'. 

It is not- propos(sl t-ha,t thesti ikuv supplies 
should b(‘ in(rodu(‘<*d sudchuily a.ml tlu*. pn^sent 
j>o\ver st ations r(‘phvc(‘d by pit-lux'ul stations, as 
( ha.t woiild involvi*. t he lo.ss of c.onsid<'ral)le cen- 
t-ra.l st ation ca-pita.l, but it is su}y'y;(‘sted (Jiat full 
ad va.id a)j,'i' should b(‘ t.a.kei[\ of tlu‘. fac.ililb^s 
alTortievl by ( lu‘ jA'rid for t he colhud-ion of ])ower 
whert‘Vt'r it b(‘conu‘S a.vaila.bl(‘ a,t a. low cost, 
aunl a. muv jadicy should ])(‘ pla,nn<!d out, so that 
t.h{‘ rha.uj^t' cati be int-roduc(‘d gradually as th(‘. 
ele(dri<*. supply indust-i’y d(‘v<‘lops. The present 
rat(‘ of (‘xpa,nsion itulicat-e^s t-ha.t In t(‘n years’ 
t itn(‘ t he st-aXion powuu* will b(‘ aX l<‘ast doubh^ of 
i(s presiuit- (ijL^unx This normal y;rovvth toyj(Xh(‘r 
wit-ii t )i(‘ closing: down of t-he ])r(‘S<‘nt. small stations 
will give opportunity foi' a. Jarg'(!-scab‘ tria.! in 
a few Ytuvrs, whiU* (“very iin]>roV(‘nn‘tvt irv methods 
of (‘h'ctrir. t.i’a.nsmission of powtu* will i)la(U‘. tlui 
pd-htxul st-aXion in a-n incr(3a.siny;ly stronuier posi- 
tion for H\ipply t'O la.ryjt^ t-oWTis. 

Anthropology. 

PrcsUUint: Oapt. T. A. XoYcix O.B.E. 

THE USE AND ORIGIN OF VERSA MATE.” 

Tiik subj<‘ct of (.h(‘. address ma,y setun at (irst sii 2 ^ht 
to b(‘ a little ronovial from aiithropoloyiical 
studies^ but from th<i standpoint of (be Pr(‘sident, 
an (‘xpositbiu of Kthno-botany is of tlu! hiyihest 
inipoiXamau Th(‘ vvide-sprea.d uh(‘. of stimulants, 
narcotics and food plants (hroui^hoiit the world 
ha.s an imi)or(ant bearing: on culture diffusion 
a.nd in a. larg<! number of (‘,as(‘S, t he spread lias 
b(‘(m so ra,pid ibaX thc3 original home of th(‘ major- 
ity of “ tlrugs ” and “drinks” is lost in ob- 
scurity. Tlie cultural basis of foodstuffs is not 
\vid(dy appreciated ; they affect profoundly the 
idiuvls of (lie people, their general outlook on life 
a-nd th (3 events and processes of the objective world 
a,nd in their relations with other nations. The 
corisuini)tion of purely vegetable diet seems to 
favour subjective idealism and metaphysical 
subtleties, suppressing instincts of enterprise and 


capacities for colonisation. On the other hand, a 
meat diet would appear to promote a more practi- 
cal type of religion, love of freedom and open air, 
and a restless energy which manifests itself in 
expansion and concpiest. 

The term mate originally denoted a gourd or 
silver cup in wliicli the decoction of the leaves and 
shoots of the plant Ilex pararjuayeyisis which is 
indigenous to Paraguay and Southern Brazil, was 
prepared and the word is now transferred to the 
(Irirdc wliich is drunk through a tube known as 
bombUla. The origin of the practice of infusing 
tlie leaves of ilex is very obscure. The earliest 
mention of the drink is found in a book by Nicolas 
Duiau, a Jesuit missionary in Paraguay (1626-27), 
by wliicli time the beverage had become popular 
tliroughout South Atnerica. Although the Spanish 
occupaXion of South American states dates from 
1516, and acute observers such as Ulrich Schmidt, 
(Jabeza de Vaca, Sao Francisco, Nicolas Monar- 
des and T)iaz Guzmann, who travelled in the 
occupied territory and liave left interesting records 
of great ethnological importance, have made no 
reference to the use of Yerba mate. Pinelo writing 
in 1660 refej's to an aiitlior Kobles Cornejo where 
ho says a full account of the lierb is given ; and 
Cornejo’s work probably was written in 1617. So 
far- the evidence available would seem to sliow 
that the drink is probably a native discovery 
developed and elaborated by the Jesuit missionaries 
who settled among the native population. But 
according to Monardes and Conjero it would appear 
that the use of the leaf of ilex was unknown to the 
natives xirior to the establishment of Jesuit 
missions, except perhaps for chewing. 

As regards the properties of the ilex which have 
won for it so widespread a popularity, it is sup- 
posed to contain all the active alkaloids of coffee 
and tea together with an aromatic oil and gluten. 
The effects of male on the human system and the 
modes of preparing tliis beverage have been de- 
scribed in grea(3 detail by Nicolas Dm an and 
Nicolas del Techo. The discovery and populari- 
sation of this drink in South America are closely 
associated with the history of Jesuit settlement 
in that continent from 1600 iipto 1774 when the 
reservation was added to Crown properties. By 
this time ilex had become much an im.portant 
article of local industry and export that in 1807 
the profits derived from it amounted to £ 100,000 


annually. 

It has been suggested that the native name of 
ilex, Caa which is only a generic term for tree, lias 

some relation to the Chinese C’ha meaning tea in 
Pekinese, Mandarin and Cantonese dialects. Tea 
was (irst brought to Europe by the Dutch in the 
early seventeenth century from Bantom wliither 
it was imported by Chinese merchants from Amoy 
where it was called Te. The first mention of tea 
in Western literature is in UaffoVs Histonca lyidica 
published in 1558. It is not inconceivable that 
the Jesuits of the period, looking for a substitute 
for tea which was by then introduced into 
Soutlicrn Europe, also introduced tlie Chinese 
wmrd which was mispronounced by the natives. 
The missionaries encouraged the use of the leaves 
of ilex among their Indians to whom it was served 
out with rations, probably with a view to wean 
them from indulgence in intoxicating drinks. 
They succeeded in building up a most flourishing 
and lucrative industry before they were expelled 
and its condition in the first half of the mneteenth 
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century is vividl^^ described by J.P. andW. P. 
Robertson in their Letters on Paraguay The 
development ot the Y erhales or Ilex plantations 
by tlie Jesuits is interesting. The economic 
importance of the leaf combined with the fact that 
the tree grows in inaccessible swampy mountain 
valleys, led to tlie inception of efforts to bring it 
under cultivation. In tlie wild state, the tree is 
propagated by birds which eat the seeds and 
digest their gluten envelope ; and seeds which 
have passed through tliis process of preliminary 
digestion germinate and grow better than the trees 
attempted to be raised by planting the seeds 
witliout stripping them of their gluten coat. The 
groves planted by tlie .Jesuits in their communities 
were extensive, consisting of hundreds of thou- 
sands of trees, and from this one may easily judge 
the extent of the economic importance attached 
to the industry and the rapidity with which the 
use of the beverage was spreading. 

The address is intended to excite the interest of 
young men trained in Botany in tlie bearings, 
that their studies in economic aspects of the 
science, have on the cultural history of the peoples 
of the World. 

Psychology. 

President : Shepherd Dawson, M.A., D.Sc. 

“PSYCHOLOGY AND SOCIAL PROBLEMS. “ 

Social problems are partly material and partly 
mental. Great progress has been made in the 
solution of material problems ; the investigations 
of the physical and biological sciences have given 
no increased control over material resources ; the 
energy values of foods have been ascertained and 
the amounts required for doing works of different 
kinds satisfactorily and efficiently, have been 
determined ; diseases have been brought under 
control and generally national health has greatly 
improved. Comparatively little attention has 
been paid to the mental aspects of social welfare 
and we have no accurate data concerning the 
distribution of intelligence and aptitudes among 
the people, the predisposing causes of idiocy 
and other forms of mental deficiencies and 
the mechanism of inheritance by the offspring of 
the strong and weak points in the parental char- 
acter. It is manifest that for a proper under- 
standing of the numerous problems that arise 
from life in a commimity and for national plan- 
ning, the social, economic and political studies are 
just as important as those of human mind. The 
solutions to the mental problems are to be found 
ultimately in the forces which move men to action 
in their inherited capacities, in their acquired 
characters, in the mentality of the groups to 
which they belong and in their organic relation- 
ship with such groups. We do not possess accu- 
rate scientific data in respect of the number and 
nature of innate human tendencies and their 
operation in or influence on social life or 
how these tendencies affect personal behaviour. 
There are observations and speculations on this 
topic, but they lack the objectivity and precision 
which science demands. Racial inborn tenden- 
cies in the children are of great social importance 
for practical life because their future educa- 
tion has to be built on them : therefore our know- 
ledge of their potentialities, how they are evolved 
and how they express themselves in action, must 
underlie all educational endeavour. 


Social problems can be investigated either from 
the point of view of the individual or from that 
of the group to which lie belongs. Tins investi- 
gation must not bo, however, exclusive, but 
complemental, for the problems of the individual 
are also the problems of the society, lioweviu* 
complex tlie social group may be. The social 
problem or tlie educational problem must at all 
times be how to fit the individual to the social 
structure and the group to the individual. The 
solution to this problem demands some know- 
ledge of the natural endowments of the indivi- 
dual, the practical and intellectual heritage of 
the group and of the methods of making the 
most by their mutual interaction. In attempt- 
ing to assess scientixically the natural endow- 
ment of an individual and social achievements, 
it is clear that a distinction is to be recognised 
between human ability and capacity. “Ability 
is actual, capacity is potential.” A satisfactory 
measurement of ability or capacity must always 
be difflciilt on account of the adaptability of the 
human organism and the best of examinations 
can only give us a blurred picture. The condi- 
tions of chemical and physical laboratories can- 
not be reproduced in the investigation of liuman 
and social phenomena : w'e can obtain only 
approximations to these conditions. All kinds 
of capacities are tested in psychological laborato- 
ries with varying success and it may be possible 
at some future date to evaluate the facts with 
some approach to accuracy with which physical 
characters can be assessed. What is needed is 
more extensive and more co-operative work. 
The results already gathered have a great social 
significance. They have been obtained from 
extensive studies of, children of all ages, races 
and grades of society and they may be used in 
getting a fairly reliable information regarding 
the distribution of intellect in a given population 
as a whole and the various professional, social 
and economic spheres, and its bearing on the 
fertility, disease and reactions to environmental 
conditions. They point to a method of getting 
reliable information which will throw light on 
the puzzling problems of mental inheritance 
and on the manner in wliich the educational 
wastage can be turned to best account both for 
the individual concerned and the society. 

In the investigations into the inheritance of 
intellect much reliance has been placed on the 
empirical methods based largely on social and 
professional success. These enquiries heave yielded 
very often tantalising I'esults; successful and 
enterprising parents are not as a rule blessed with 
promising children, who sometimes come of 
parents obscure and even defective. Tlie theories 
of genetic inheritance which have proved so 
fruitful in the investigation of the physical charac- 
ters of plants and lower animals, are capable of 
being applied to human anatomical and physiolo- 
gical characters, such as the colour of the skin, 
hair and eyes, stature and susceptibility to disease, 
and it is probable that they apply also to mental 
characters. The difficulties in all investigations 
into the structure and potentialities of the mind, 
must be those relating to the control of the envi- 
ronmental factors, the designing of satisfactory 
tests for adults and the isolation and definition of 
simple mental characters. Investigations into all 
these fields necessarily depend upon the co-opera- 
tion of psychologists, teachers, experimental 
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hit>Io-is(s, iiKMlit-al nuMi ;i!ul isticiiinR iii so fai- 
as llic st udy of luaiital iidj(,‘Hl-a.nc(‘ r(‘s(‘iubk‘s that 
of otlua* sf){‘ia.l probliaus. 

Educational Science. 

I'lU's'clc.il : II. d'l/AiM), (bib, k.K.S. 

SCIENCE AT THE UNIVERSITIES.” 

(Some Problems ol the Present and Future.) 

S( 'i i<:n rn«’i(’ <‘(Iu(‘.a,t ion a.nd roscauadi have iiitroduc- 
od in inoibaai lil\‘ siH'ial a,nuuiitios, ocononiic 
pro'',r(‘ss, trausinud. IbicilUh's, b(d't<.‘i' health and 
widof unities for int(U‘(‘stin^' and usoFul 

work, surli as Ibnv (‘oiild ba,ve visualised hall' a 
cont m'S' aj^o. Evaui a. polit ician bidieva's in soionti- 
lie resm.rch Imt. all who t-a.lk about it do not 
ina-ossa ri ly umhu’stu-ind its full (;oiinota,tion and 
iinplio.'it-itms. Tln‘ a^-rtsal (‘duca,t ional poli(\v in all 
tuilij.^ht.tuiinl count. i‘i('s is that scientillc studios 
should i‘(*c(‘iv<‘ p’r<‘a,t.er (au[)hasis tha,n tlie liuuiani- 
t ii'sajid it. is obviously oT <vrea,t a,dvantase to the 
st.a(<‘ if all it.s (ut.i'/ams ha.V(^ recaavod trainini? 
in sonu' forni of sttuuitilht studic's. However, it is 
not. (piit.(‘ clea,!' whal. (‘xa.td.ly \\n\ ttiean by a 
^(Uiera.l s(‘i(‘nt.irK^ (‘duca,tion. Tluavi is bound to 
he disaipsMMtuMit wlun we conn* to deluK^ the 
(‘\t»‘n<. and (;hara,(d.(U* of scientitic studies in the 
cauTteula oT si'c.otula.ry a.nd int(‘ruiediate sta.e:(‘S of ! 
education. !\loi’(M)ver, how is it possibl(‘, in a ftuv 
\auirs, (. 1 ) sA’ive t.he pupils an adequate insight into 
the lK*aut.i(‘s a,nd wond(U's of the physicad and 
hioh>gicaI sci(MUM‘S or t.o eonvoiy a c-onception of 
t h(‘ law and ord<U' in t.lui uni vers(‘ a.nd an appre- 
ciation of t he disciplini^ a, nd niet.hod of l•eseavch, 
wit. bout, running t.lu' risk: of lea.ving them with a 
nu*re smut. I (‘ring of uninspiinig knowlodg(‘. ^ Our 
(experience of sci(‘nt.i{l<‘. (.(‘acdiing in tlu*. schools is too 
r(‘c.(‘nt. and insurtici(‘nt. t.o h(‘ ahh^ t.o d(‘duce any 
gen«‘ralisat ion and th(‘ (‘K])(n‘inu‘nt t.riiul in anunilMM* 
of ways and in dirf(‘i'(‘ut. kinds of scdiools needs 
syinp'd.het ic (‘n(u>ura.g(‘ni(‘n(.. ddnr g(‘n(‘i*a.l growth 
in t!n‘ (-(S'vching of sci(‘n<t<‘ in t.lu^ secondai'V 
schools ha.s na.t-ura.lly been ac.eoiu})ani(Hl by a 
gr(*a.(. in(‘ri‘a.s(' in t.in^ munlxu* of young men (dca'.t- 
itig sc/umt-ilic. courses of study in tin' universities, 
d'his growt h is nmihua'd possibh' by pi'ovision of 
pu)>hc rjiomty, and it. is (‘s(.ima.t.(‘d t.ha.t t.he public 
(‘xpi'iid in oiu' way or aaiot luM* m'arly li 2tH) a y<*a.r 
on <*aeh st-inhmt. of scietua', wit.h t.li(( J)ossibI(^ 
(‘Xc<‘pt.ion of st-udent s at. Oxforil a,nd Oanihi'idge, 
\vho are inor(‘ richly (‘iidowt'd from ])i*iva.t(^ source's. 
'rht‘ provision of pu})li(i r(‘V(‘nues for educational 
purposi's impos(‘S on t he t(‘a.(di(‘rs a,nd m(‘mh('rs of 
t in* adminisl rad i V(‘ st.a.rf ( h(‘ addit iona.l r<‘S})<)nsibili- 
l.i(‘s which ereaiti^ for them t.h(‘ position of ]nihlic 
dhaist ciss who hava' to (‘xatniru^ tlie (‘xpt'udit.ure 
inor(‘ scrui>ulously and luivc c.ont.inually to ask 
whi‘t lau* additiona,! cixpendit ur<‘ can b(^ justitied 
a nd wliet h(*r lli(‘ [Uiblict g(‘ts in r(‘tui*n tin? vaku^ 
for support ing t.h(‘ <aluea,tiona.l inst.it ut.ions. Per- 
haps in t'lu' middle a.g(‘s wlu'u th(‘ (‘cononru- sti'Css 
was not. ha, If vSo k(‘(‘n a.s it is in mod(‘rn t.inujs and 
t lu^ d(‘ni«'inds of t.he soendy wer(‘ h'ss e.oniplex 
a.nd nnnu'rous, the t‘d\icational ada.g(‘. ‘■‘knowledgt^ 
is its own renvard ” might luivii btvn acc(‘]>ted by 
|,b<‘ imblic, but the conditions of life in tlu' ])rcsent 
a,g{^ ai‘(^ (uitirely different ami in some mcasur(‘. the 
tulucat-icmal institutions must assume the resj)onsi- 
bilit y of training the mind of young men without 
iiejghH'ting the training of the luind and make tliom 
sulTlciently resourceful to enable them to attack 


with confidence and success the new problems 
that are perpetually arising in the rapidly chang- 
ing world. 

Idle present tendency of scientific educ-ation in 
the universities and .schools is to produce experts 
with a corresponding impoverishment of other 
laculties of the mind. There are other things 
bedsides science in life and the variety and richness 
of a community have to be adorned by knowledge 
other than that which belongs to Physics, Chemi.s- 
try and Biology. Specialisation for many must 
necessarily imply ignorance of each other’s general 
interests ; it is doubtful whether it enables the 
expert to live a full and rich life of usefulness to 
himself and to the society of which he is a member. 
What the world of knowledge might gain must be 
lu'esumed in cases of overspecialisation as a gain 
to the society as well. Nevertheless specialisation 
cannot be for all and in the attempt to reach it, 
many a. career which may otherwise be successful, 
is practically ruined. All University Education 
in science is designed primarily to train the young 
men foi* learned p]*ofessions ; a few graduates 
in science' break adrift and turn with success to 
other occupations such as law, administration, 
journalism and so forth, but rarely politics. A 
hundred years ago it was not difficult for a 
scientific man to follow in detail the work of 
others : now it is as much as a specialist can do 
to keep abreast of the progress of knowledge in 
the particular field in which lie is interested. It 
is impo.ssible for anyone to study science in the 
University as a general education, as men study 
classics, history and yfiulosophy. 

During the present century there has been a 
wid(‘ and incc'ssant demand for scientific education 
and scientific, research owing to the increasing 
recognition of t.he fact they are the foundation of 
national well-being and prosperity. Scientific 
discov('ries have altered the face of society 
tlu'oughout the world and even an administrator 
ofti'ii finds lums(‘lf in situations where a little 
scientific tr.'iining would serve him in good stead. 
It is true that accumnlation of scientific know- 
I('.(lg(' is bewikhwingly stupendous, but the ten- 
dency on the wliole has been to make tlie general 
principk's and methods more clear and easier to 
gi-asp, b(‘(;au,se the several parts of this structure 
c.ohere w(‘ll into one unit. A scientific training 
will be all tlu^ better if it is made to include tlie 
study of the historical and philosophical back- 
ground of science. This little reform will render 
'cl(‘a.r to tlu' youthful minds tlie law and order in 
Mh' universe'* and make them realise that scientific 
tra.ining is organised di.scipline of the mental 
fac-iiltios and sifientific research is only a quest 
of truth and the spirit of all scientific studies 
is si'rvice to humanity. 


Agriculture. 

President: .T. A. S. Watson, M.A. 


“ SCIENTIFIC PROGRESS AND ECONOMIC 
PLANNING IN RELATION TO AGRICULTURE 
AND RURAL LIFE.” 


At MOST from the earliest times, improvement 
in a<‘*riculture has determined the progress of 
the human race. The progress may be one 
of increase in numbers or rise m the standard 
of livino-. The population has increased enor- 
mously in many parts of the world, but in others. 
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^ ‘Sped ally in. some of the Western countries, it 
has remained more or less static. The address 
deals with some of tlie problems of the latter. 

Contrary to tlie predictions of Malthus and 
others, agricultural production has increased 
enormously in recent years. The opening ux) of 
new areas in different parts of the world, increased 
yields througli use of improved strains and 
application of chemical fertilisers, reduction in 
cost of labour through introduction of new 
mechanical devices, better facilities for transport 
and marketing — all these have led to excessive 
X>roduction and consequent fall in prices. 

The present position, which might have been 
hailed at other times as most desirable, has only 
brought on acute economic distress to the farmer 
whose position has become increasingly un- 
endurable. Various expedients have been devised 
to improve his lot and to ensure his getting a 
fair return but most of them are only of the 


nature of palliatives and do not touch the root 
of the trouble. Sound economic planning of 
farming practice is the only means of avoiding 
the inevitable neglect of agriculture and conse- 
quent rural depopulation. This would, no doubt, 
be very difficult to carry out, but the situation 
should, nevertheless, be faced in the proper 
scientific spirit. Tlie agricultural possibility of 
each area should be carefully investigated with 
special reference to the demand for tlie produce 
and the return that may be expected. Wherever 
possible, cheap mechanical device should be 
introduced and human labour so allotted as to 
ensure maximum output through intense special- 
ised knowledge. The holdings should be greatly 
enlarged and the scope of production considerably 
widened. With organization of “factory farm- 
ing” of this type, it should soon be possible not 
only to relieve the present situation but also to 
ensure a happier and more contented rural life. 
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SUPPLEMENT TO “ CURRENT SCIENCE 


Reviews. 


“Na^mum-: and Lii<'io. I>y yVlfrod Noidli 
NVliil (dusi-d. ((himhridj^’o. Priutod by W. 
L(*.\vi.s, M.A., ad ilic Uruvo.rsiliy Pro.s.s, 193 1, 
\)\). 9{> ) Prict^. 3.V. iki. U(U;. 

P>rilIi5Uil- scliola-rship adorns the pa«:os 
of tbis lildle book. It (*.omprhs(\s two hudaires 
wlii('h the a-uthor didivanaal bi^fore tlic 
Uiuv(‘!’sity of ( Mii(‘:i;:>‘o in Oc.tobiu’ 1933 and 
i]\{\ lhiiv(‘rsi(.y p()ss(‘as(‘,» (*.opyri.i^ht in the 
nnil(‘d S(a.tos of Anuna'oa. Dr. A. N". 
\Viiilt‘.lHMi.d lia.s adt(Mupt(Ml in these two 
I(a‘{air(‘S t-o corndaiti*. lihe World of Science 
with th(‘ worlds of reli^ifion, art, letters and 
morality with th(‘. object of (establishing 
thud Nadiu'iH ilstdf has process(eSj goalS; 
Ixnuity and vabnes. 

1 )(escaa'tt's' inllinnnai upon European 
(liought was profound and continued for 
(h(‘ hist <.w() ('.(mturi(‘,s. IDs bifunaition of 
Nadun^ int4) inadt.er and mind has rais(‘al 
inla*ic.ad(‘ f)robI(mis in sclimcuL As to its 
(dT<u*d on philosophy. Professor Whitehead 
wriiies a.s follows : 

“Th(> s<'V(‘id iM‘n( h c(‘nt/iu-y had linaJIy poxluced 
a sclu'inc of S(a<*uti(](* th<)up,’hi- fra-mcd by nmthc* 
nuvtri<*ia.ns for t-hc use: of juadh(auadi(*ia.us. . ./llir. 
(uioriuous surci‘ss of tiu‘ st.i<‘utillr. ahstiiairi-iotis, 
yioldiujj: on t'lu'ouc ha,nd nutllrr witb its .s’bap/(? 
loriftion in space, and tinu^ on t-lui other liand 
niitul, p<‘r(M‘ivin;^, sulT<M‘inL»:, r(‘a,souin^- Init not 
i n({U'f<aan}j;, lia.s foisded onto j)inlosophy tl\r ta.sk 
of a-eerptinx t luMU a.s t.lu' most, coiuuxd-i^ r(‘nd(‘rinK 
of fac.t. a3i<‘r(d)y tnoihuai philosophy has Ixaui 
ruinod. TluaaMinU.lu' dua-lists, wlio ar<a‘))t nmt.tta* 
and mind a.s on (xpial ))asi.s, a.nd the I wo varirtd'.s 
of inonists, t]u>s<‘ who put. mind inside, madten* 
jvnd thos<'. who put uia.l.(.i‘r iushh^ luiud. Ihd. this 
jujjCjj^linjj; with abstra.(‘tions <aiu n(‘V(>;r <)V('‘f(U)ni(^ 
the irduuMuit confusion int.rodured hy thc‘ n.s(U'ip- 
lionof uilspliuusl <a>nrrtd.(‘n<vss to t-lu’s sricntil'u' 
s(*ht'nuM>f t ho s(‘vcnt.tM‘nt.h c(‘nt.ury.” 

Tlu'.se t.houghts find a fuller exposition 
in “Nature and Ijifi^/h main iloc.trine 

of Profc'.ssor Whii.cdiead is that neitlnw 
physica-l Na.ture nor l.if(^ caiU lx's understood 
tinle.ss we fusi^. tiluun togid-her as (essential 
facdors in tlie composition of “nvally veal,” 
things whose int(tr(‘.onnections and individual 
charactm\s constitute the universe. ^ ddie 
modern conception of matter and inind is 
that tlnyy, in their ultimate analysis, are 
im perceivable ; we only perceive relations 
or events. The “ mind ” is conceived as an 
extended, immaterial thinking entity. If 
life ” vycre (^efineci as a “ spatio-temporal” 


process, the definitioa of “ matter ” cannot 
be fundamentally different. Oar notion 
of “ soul ”, “ life ” and “ mind mast at all 
times, whatever may be the progress of 
scicmtilic analysis and philosophic thought, 
remain vague, much more vague than 
our idea of “matter”. Consciousness 
both of self and of “relations” and 
“ events ”, — a distinctive property of 
life, — is far too elusive. Its power and 
characteristics seem to be limited, however, 
by “ mind ” through which it functions. 
Tliese are problems which have perplexed 
the scientists and philosophers. 

This little book is an able exposition of 
the doctrine of realism and is a 
most stimulating contribution to modern 
philosophy. 


Lefd and Livxn(^ : A Short Story for 
CiiiLBRFN. By E. P. Phillips, M.A.,D.Sc., 
E.PuS. (S.Afr.). (L. Peeve & Co., Ltd., 
Lloyds Bank Buildings, Ashford, Kent, 
England, pp. xiv 1-1.03, 1933.) 

This book is worthy to be read not only 
by children but also by the educated adults. 
It is true that the book is intended 
to be an elementary treatise on Biology, 
but the amount of information contained 
in it is surprisingly full and varied. Every 
pupil in the High School ought to possess 
a copy of it and we have no doubt that he 
or slie will read it with profit, diligence 
and enthusiasm. 

It is obvious tliat every person ought to 
know something about the fundamental 
facts and phenomena of life which will 
give liirn an insight into his position in the 
scheme of things and on which the art of 
living depends. Children should at an 
early stage be introduced to the truth 
about life and about themselves. The book 
is written in a way that any parent who 
is himself intelligent and resourceful, can 
hold talks with his children on problems 
of sex, x)Opalation, heredity and other 
topics of great social and scientific interest 
and about which there is any amount of 
senseless prudery. 

There are twenty-two chapters. The 
topics have been carefully chosen and 
treated with ^reat clearness and accuracy, 
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Chapters .XIX and XX deal with the 
teachings of the great prophets and of 
religion. We cannot go through life like 
perpetual blisters and religious ideal is 
something worth living for. The world 
around impresses on the mind of children 
with wonderj awe and mystery and later 
in the course of proper scientific education, 
they are bound to discover law, order and 
directiveness in the phenomena and pro- 
cesses which it is the purpose of their 
studies to explain and elucidate. If a 
.scientific outlook is indispensable to every 
educated citizen for discharging his civic 
duties, a religious spirit is equally neces- 
sary for his right conduct in social relations. 
The steadying influence of discipline which 
religion (not dogmas) imparts to character, 
is still the pivot of all human institutions, 
and its educational value is not to be 
minimised. Chapter XXI is devoted to the 
consideration of moral conduct. Of course 
the moral sense is capable of being deve- 
loped through scientific instruction, but for 
its consolidation, the assistance of religion 
may also be invoked. The earlier chapters 
treat of the fundamental facts of biology 
in a simple and clear style. 

The book is a chaste one. Every boy 
and girl ought to read it. Most of the 
illustrations are self-explanatory and vivid. 
The book is to be provided with an index 
which it lacks for the present. 


Early Forerunners of Man : A Morpho- 
logical Study of the Evolutionary 
Origin of the Primates. By W. E. Le 
Gros Clark. (Bailliere Tindall and Cox, 7 & 8 
Henrietta Street, Covent Garden, London, 
pp. xvi + 28Sy 1931.) Price 15s. net. 

Zoologists and physical anthropologists 
will find this book invaluable in the study 
of the evolution of the primates as offering 
an estimate of the real position of man in 
the zoological scale. We can hardly form a 
correct concept of man's phylogenetic origin, 
without a proper perspective of the evolu- 
tionary development of the whole order of 
primates. While there is a general accept- 
ance of the thesis that man is descended 
from some lower forms of life, there is by no 
means unanimity of agreement among 
biologists as to the exact line by which he 
attained his present status. Any comparison 
with the higher apes will only reveal simi- 
larities of anatomical structures which alone 
will be inadequate for establishing human 
phylogenesis^ for they represent the 


culminating points of the divergent trends 
of the evolutionary process. The question of 
relationship of man and his precise position 
in the group of primates is to be investigated 
from the standpoint of the evolutionary 
development of the primates as a whole. 
The evidence in favour of genetic relation- 
ship is derived from the investigation of the 
data obtained from anatomical, palaeontologi- 
cal and ernbryological researches and the 
book under review deals mainly with the 
morphological aspects, of the study. The 
evidence which palaeontology and embryology 
offer, though in the present case it may not 
be abundant, throws clearer light on the 
actual lines along which evolutionary 
development has progressed. At present we 
have to rely more on the evidence furnished 
by comparative anatomy of the existing 
forms and also of the fossil remains recently 
discovered. 

In the scheme of classification adopted by 
the zoologists, man is placed at the head of 
the sub-order Anthropoidea, which is 
distinguished by a definite assemblage of 
characteristics such as a capacious skull, 
the forward position of the eyes, the mobility 
of the facial muscles, the use of fore-limbs 
as a grasping organ, flat nails on the pha- 
langes and the absence of muffle'. The 
family Hominidju is closely allied to the 
family Simiidae which includes the tailless 
apes. The structure of the human body is 
fundamentally like that of the liiglier apes 
and there is hardly any detail of structure 
in human anatomy that is not represented 
in the latter, although the assumption of an 
erect posture by man has resulted in 
characteristic specialisations of the pelvis 
and viscera, the fore-limbs and the foot. 
The brain ” is the most exclusive possession 
of man, exceeding in relative bulk that of 
any ape and in function surpasses them all. 
Still, the structural and functional relation- 
ships are all parallel. The book is devoted 
to a critical examination of the evidence of 
skull, teeth, limbs, brain, sensory organs, 
alimentary system and reproductive organs. 
Chapter X deals with the relationships of 
the insectivora with primates. The tree 
shrews {Tupaioidea) in many of their features 
resemble the primitive primates so closely 
that some zoologists have deemed it legiti- 
mate to remove the family Tupandae from 
the group Insectivora and include it among 
the primates. In view of the increasing 
bias in favour of such an inclusion, the book 
devotes considerable space to examine the 
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anaJoinica-l <‘vi(I(‘n(*,o for suc.li a procedure. 
1'hi.s <‘vi(l(aK*.c l(‘a,(Ls to Iho conclusion that 
ldn‘ hw shr<‘\vs luv. inor(‘, primitive than even 
rros'u}i}<u\ but on th(‘, ot.hcr liand it the fossil 
forms a.r(^ into a, ('.count (^spc'.cially with 

r(‘f(‘r(m('.(‘. t.o Anagale, Pies lada pick arid the 
(uu’iy Xolhairti itae, it b(‘comes evident that 
t-Iu^ s(,ructura.l ^xa,ps of th(‘. existing' forms 
vaaiish. The bust (diapter of tlie book on the 
pjvolutaona.ry Iva.d iadions of tlie Primates 
(le^a-hs wit.h tln^ f)robl(‘m of the doi^reo of 
{>a.ra,ll(‘I (l(‘V(do[)m(mt nnder^^one by the 
va.rious ^n’oups of prinuit.es after their early 
(‘.v<du{aona,ry S(‘i»:r(\<»’adi()n a.nd separation 
from l-h(^ ('.ornmoii pa,i’(mt-stem. In this 
<dmpt(U’ the (‘.vid(mc(^ of the various anatomi- 
(uil syst.(uns a,r(‘. <'ollat(‘.(l and syntlu'-sised in 
or<l<u‘ to provid(^. a. c.omprehensive picture of 
i,hi\ phylo^>:(‘n(dii(*. history of the primates. 
The phylo^^(my of tln^ primatcbs comiiKmciiij^ 
ill a.n a.n(*.(‘s(.ra.l form of lemuroid type, has 
(liv(‘rfi:(*d a.lon^>: four or live lines of evolu- 
tiomiry (l(‘V(‘lopm(mt;, culminating? at succes- 
sive l(‘V(ds in t,h(‘. modern lemurs, Tarsius, 
lMa.(.yrrhin{‘ aiiid (hitiarrliine monla^ys, 
jtiil hropoid a.fics aaid ma,n. The livin,i? 
immilxu’S of (uich ^roup must be riM‘ 0 i?nised 
its Ibe few survivuils of a whole seri(‘.s of 
(n-'olul iona,i*y ra,diations whicdi diverj?ed from 
t.^u^ b('j?innin^j: from a/ ^<meralis(Ml stock of 
platumta.! mammals, u.ud which devidopiMl 
(uu)lut.ionairy ])o(.<mttialiti(‘.s of their own in 
<liv(M’si‘. dir(‘ci>ions. 

hhiis book is undoubteuily a. valuable 
contribution. It; ^nv(‘s us a clear and 
('.ompridiimsivih a,c(U)unt of the rcw.nt 
r(‘S(utr(dies into tln^ (‘.omparative anatomy 
and pa,la‘ont.olo}j:i<*.a,l materials of the 
primat.(^H. Zoolo^ist;s and PhysicMtl Anthro- 
l>oloj;?ists will (ind in tlu^ book a mass of 
information arian^(‘d in a. <‘,o^(mt and lo^?ieal 
fashion, whi(*.h i.ln\y will have to sivarch 
ol»iierwis(^,, amon^? orii[j:inail papers, scattered 
in a numbiu’ of jourmtls and ma^J^azines. As 
usual, biblio^?rai)hi<‘.s a, re ^?iven a,t th<^. (md of 
(>!a(di chapticr. Le (Iros Clark undertook a 
^roat task and desmwe^s wa.rm c.on^?ratula- 
tions on ii-s successful and satisfactory 
tiuunination. 


Tirr: Oatoufi of EvonurroN. iky T. B. S. 
Haldane, F. R.B. (Lon^^^mans, Green & Co., 
London, New York, Toronto, 1932, pp. 215.) 
Price 7,v. Gd. net. 

The book is based on a series of six endow- 
nnmt lectures delivered in January 1931 at 
the Prifysgol Cymru, A.berystwyth, founded 
35 


by the munificence of the Davies family. 
One of the conditions of the endowment is 
that the substance of the lectures is to be 
published in book form. Professor Haldane 
devoted these lectures to A E-e-examina- 
tion of Darwinism”. In the preface to the 
book, the author advises readers who are 
not acquainted with the general principles 
of biology to skip slightly over Chapters 
TT and ITT which give a comprehensive 
summary of the recent developments in 
the field of genetics which he uses in support 
of his argument; and the mathematical 
interpretation of the problems of variation 
contained in the appendix will appeal only 
to a limited section of biologists. The greater 
part of the approach to the subject is through 
the mathematical route and the use of cal- 
culus is becoming increasingly indispensable 
for obtaining a clear concept of the possibi- 
lities and direction of variation and the limits 
of their inheritance. It is, however, difficult 
to suppose that the rigorous quantitative 
methods of the physical sciences are suitable 
for researches in biology, even in the case of 
genetics. Within recent times the statistical 
and metrical methods have been employed 
with considerable success in the elucidation 
of the obscure problems of heredity. The 
results can be measured. The causes are 
brought under experimental control. They 
give us an insight into the processes taking 
place in Nature and, in some measure, the 
extent and character of differentiation can be 
predicted. The application of mathematics 
to biological investigations first introduced by 
Pearson and his colleagues has tended on the 
whole to become more general as a conveni- 
ent and useful method in dealing with the 
numerous data on the inheritance of structu- 
ral variations and other continually varying 
characters of organisms. 

In view of the persistent and voluminous 
criticism to which the Theory of Natural 
Selection lias been subjected since its defi- 
nite formulation, it is not surprising if a 
few biologists and the educated public have 
lost faith in it. Since the days of Darwin 
and Wallace, great changes have oceurre(i. 
The increasing perfection of microscopic 
technique, the' establishment of new schools 
of biology, the accumulation of more precise 
data furnished by researches in Palaeonto- 
logy, comparative anatomy and embryology 
and the formulation of fresh causes of evolu- 
tion, must be partly responsible for unsettl- 
ing the confidence of biologists in Darwin- 
ism. The evidence from palaeontology and 
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from modern rare species is often contra- , 
dictory. The Geological record must natu- I 
rally be imperfect, for the species rare in 
their own day have not probably left any 
traces behind them. Moreover, plants do not 
provide satisfactory evidence of perfectly 
continuous evolution. 

The introductory part of the book gives a 
frank and faithful account of the present 
position of Darwinism together with an 
exposition of the evidences and causes which 
have been advanced as the result of modern 
investigations both in its support and refu- 
tation, This preliminary survey renders the 
ground clear for an impartial estimate of 
the facts. In the subsequent chapters, the 
following questions are answered : What is 
the nature of heritable diffei*ences within a 
species'? Are the differences between species 
of the same or of a different character ! 
Does Selection really occur in Nature? If so, 
will it account for the formation of species ? 
Must we allow for other causes of evolution- 
ary change?” Finally, after surveying the 
process of evolution, the author proceeds to 
ask what judgment we have to make about 
it. ^^Is it good or bad, beautiful or ugly, 
directed or undirected?” Such questions 
have a philosopliical flavour and the answers 
may not come within the province of science. 
But the interests of the society are largely 
concerned with the answers to such ques- 
tions. 

The author occupies a position different 
from that of speculative and experimental 
biologists and can write on the subject of 
natural selection with authority which does 
not belong to the latter, for he is One of 
the three people who know that most about 
its mathematical theory ’h Apparently out 
of consideration for his less mathematical 
brethren, the mathematical theory of natural 
selection is treated in the Appendix and 
printed in small type; but the passion for 
mathematics is so irrepressible, that in 
practically every chapter, the reader is 
treated to mild doses. The second chapter 
of the book dealing with variation within a 
species gives an illuminating summary of all 
the cases of inheritable factors due to' Plas- 
mon, Mendelism (single and several genes 
and their order in a chromosome) and the 
addition of one or more whole sets of chro- 
mosomes. All hereditary differences which 
have been investigated fall under one or the 
other of these categories. The new genes 
themselves arise from time to time by a 
process called mutation whose, importance 


for any account of evolution is clear. It 
enables us to escape from the impasse of the 
pure line. Many of these facts which have 
been added to our knowledge by experi- 
mental biologists were unknown to Darwin. 
The general conclusion is that interspecific 
differences are of the same nature as inter- 
varietah The latter are due to a few genes 
with relatively large effects and rarely are 
due to differences involving whole chromo- 
somes. The reverse is true of differences 
between species. The present position is 
that we know and can say more about Evo- 
lution than was possible in the days of Dar- 
win and further progress in our knowledge 
depends upon the accumulation of facts 
concerning variation and selection. 

The book is a clear and logical exposition 
of the possible causes of Evolution, and few 
can wish for a better book. The outlook is 
fresh. The use of technical terms is limited, 
without sacrificing the sense. The thoughts 
are pregnant and stimulating. The book 
will always rank as one of the first-rate 
contributions to the large body of literature 
on evolutionary biology. 


The Book of Scientific Discovery : flow 
Science has aided Human Welfare. By 
D. M. Turner, with a Foreword by Professor 
Charles Singer. (George G. Harrap & Co., 
Ltd., London, Bombay and Sydney, 1933, 
pp. 259.) Price 7s. 6d. net. 

All human institutions, like organisms, 
have a life- cycle and their progress’ and 
enlightenment at any stage of their history 
must be a measure of the scientific knowledge 
attained by their members. Science is part 
of the structure of the modern society and 
the achievements of the former are the 
decorations of the latter. So great are the 
changes in the daily life of man that he has 
scarcely time to adjust himself to the new 
conditions. 

The history of the achievements of science 
and their incessant application to the practi- 
cal needs of society must be fascinating. 
Dr. Turner has, in this book, traced the 
progress of science, in its relations to social 
change and in relation to human welfare. 
She tells of Leonardo da Vinci and Galileo,, 
whose work commenced a new epoch in 
experimental science. Harvey and his work 
and the age of Newton are reviewed. The 
introduction of steam power, the industrial 
revolution, the effect of science on social 
conditions, the development of the know- 
ledge about electricity, the researches in 
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and mvMil sciounes and the steps 
ia.kcni t.o usher in the modern seieutilic 
r(‘.snlls iivc triaUaal rully and clearly. 

\V(‘ (ei-n uud(n’sta.n(i the spirit and the 
out look or s(‘,ienc(‘. only wlien w(‘. are acquaint- 
ed wil'h evolutionary history of its 

ou tqndu Sci(Miti(ic knowledge cannot get 
a.\vay rroni t>raditions. If scicuice lias pro- 
gr(‘ss(Ml far more ra])idly than any other body 
of knowl(M{g(^, it is all the more reason for a 
s(d(mt4iic workin* to be acquainted with 
sonudking of tin*. (*.on(litions of its change 
a.nd (hnndopment. dMiere are fourteen 
c-ha.fitiM’S in th(‘. book. Oornnicmcing with 
the c.hara(‘t(U‘istie.s of mediaeval thought and 
t.lu‘ (^airly :il(*.h(‘.nusts, the reader is taken to 
t.lu^ <lirf(M*(mt: phas(‘.s of the development of 
sc-itmtilic. knowh^lge till in the final chapter 
h(‘ is told of tlie position that science 
o(‘.cupi(‘S in our lifii to-day. A survey of the 
<u’a of progn^ss has an interest and eclucativc 
valu(‘ of ii'S own. The subject-matter is 
{,r(uU(‘d in such a way tliat any (diaptcr can 
h(^ studiiMl imbqxuidently of others and yet 
all tke lopie.s when read together fit into one 
a.nother so a.s to form a homogeneous unitary 
f>i(*tur<‘. 

A ))()ok of this description is indispensable 
t-o studtuits of seicuiee. The knowledge that 
is inqiairtixl in th(^ schools and (mllcges in the 
naim(‘. of sckme-o is neither inspiring nor 
ini.(u‘(^siiing. it lae.ks tlie hiKstorical baek- 
ground so mxa^ssaii y for a. proper appreciation 
of tlu^ pioneer work that has preceded. 
>S()m(H of the original drawings of the anato- 
miicil pivparalions of early scientists like 
Ixxuuu'do, Vesa,liiis and Harvey are given as 
also of (uirly apparatus used by them. 
Tluu’i^ is lihm'ail edmuition in this book. 


Tun IloMANiuo OK ItMSKAROir. By L. V. 
Itedman a.nd A. V. IF. Mory. (The Williams 
a.nd Wilkins (kunpaiiyy, Baltimore, in co- 
operai.ion with the Century of Progress 
Exposition, pp. x |-1B) ) Price .‘Jl'OO. 

Tlu‘. authors ha-ve tried to placid before 
Ike gmuu’al reader a liudd exposition of the 
way in whkdi man lias acquired mastery 
over tlu^ forints of Xature. A perusal of the 
book (‘.aimot fail to produce in the mind of 
tdie public a deep sense of gratitude to those 
s<‘.ientists who have by their patient 
industry and research contributed to the 
material progress of the society. It is true 
that there is many a slip between the 
successful discovery of a principle and the 
practical application of it to tlie industries. 
Perkins was no doubt the first to recognise 


the potentialities of coal, but it was reserved 
for the German chemists to extend and 
exploit his discoveries for the manufacture 
of the by-products which have profoundly 
altered the completion of industries. In 
Beckland we have the case of discovery 
again of a principle, but it was reserved to 
him to utilise it for the practical problems. 

The book gives a picture of the progress 
of civilisation through scientiho research ; 
and the latter must necessarily include an 
account of the method, development and 
achievements of scientifie workers. This 
account is spread over twelve chapters. 
The greatest lesson which the book sets 
out to emphasise is tkat the period of indus- 
trial and economic depression is precisely 
the time when greater investment of money 
is urgently required to promote fresh 
scientific research so that the new knowledge 
might be utilised for establishing new indus- 
tries and strengthening the old. This lesson 
like most lessons in life is difficult to absorb. 
To students of general science, the book fur- 
nishes a historical background which will 
amplify and render clear the knowledge 
of text-books. They will welcome the book 
as a useful addition forsnpplementing their 
knowledge of scientific methodology. The 
general reader will find in the book both 
interest and profit. The progress of science 
is romantic. It is full of thrills, disappoint- 
ments and achievements. The contribution 
of science to the cultivation of intellect 
is great, but its contribution to the building 
up of the present-day civilisation is greater. 
The book records the impressive march of 
Iminan needs and their supply, hand in hand. 
To a reflective philosophic mind, the thought 
whither are we tending” must naturally 
occur after the perusal of the book. The 
book is at once refreshing and stimulating. 


Ocean Waves and Kindred Geophysical 
Phenomena. By Vaughan Cornish with 
Additional Kotes by Harold Jeffreys. (Cam- 
bridge, at the University Press, pp. xv+l59.) 
Price 105. net. 

The book represents the fruits of what one 
may call the labour of love. ^ Dr. Vaughan 
Cornish went far and wide in quest of his 
material and he has summarised his observa- 
tions in these words, ‘‘I have never again 
had a house with such a view as that from 
my former home on the cliff, but I have 
compensations in the memory of many 
wonderful sights of storms at sea ; of suow 
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w:iv<‘S inoviiii*’ in i^'hostly procu'ssioii iU'.rosH 
iilic ('iMUKiinii Prairies; of sand wavas, ra.iik 
b(‘.lun<l rank, (li’ivani by tlu‘. (l(‘.S(n*t wind ; of 
t.h(^ ()ns(‘.(. of lih(‘ taduil. bon; in Snvnrn 
and Mu^ 'rrtadi, aiiid ol* Ijc:i|)in<jj wavi^s in. 
Iv.a.pids oi* Nia.i^ara.. ” ddiesi‘. phcnonnani am 
essinilaadly iiydrodynaiuicad aitid t.hnnd'on^ 
l>art; of Piiysi(*.*s. For a, [)r(>p(U‘ undonsPuidinij: 
or idu^ snbj<‘(*d., Idle IduduS (*.oll(‘(*.t(Md by Dr. 
Fornisli iu‘ed to be exa^miiu^l botdi from (du^. 
ob.servaddonad a<ii(l from tdio niathemati(‘.ad 
staaidpoint. No other previous work(‘.r laws 
ga,tdi(a'(Hl nniteriad so (vxt(‘nsiv(‘- and varied as 
Dr. (U)rnish lia.s obtained on th(‘. subjetd, a.nd 
in (die (dr, ipt.ers contributed by liim he mak(‘.s 
a nuinber of reina,rks on tliCi tln^oreticaid 
consi(bu’ations, both (piantitativ(‘. a,nd (juadi- 
kaddvo. Tln^ Additdonad Not(‘.s providial by 
.Dr. .Harold JelTrc^.ys of St. John’s (h)ll(‘.^*(a 
(hunbrid^2^e, a.re intended to supplcnnmt tlu^. 
work of .Dr. Cornish and their intmv.st to 
navi^'ators, erngineers and ])hysicists in 
general must bo obvious. 

The lirst chapter of the book c.oinm(aic.(‘.s 
with a d(\s('.ription of the stormy weaddier 
whi(di overtook the ocean in Decuunlxu' 1011 
and from the promemulc (hade on hoard the 
Liner ‘vFgypt” the author ealc-ulatcal tln^ 
theoretical, wave-length and the speed of th(‘. 
waves and the relation, of tlie hitter to tin', 
velocity of the wind, from tlm ^‘p(a*iod” 
time intcawad between successive wav(‘, (U’ost.s, 
by the application of tin', well-known for- 
mula. He found tliat when tln^ S(mi wa.s 
heaving heavily, the tlieoretuail wave-length 
for the period of 13*5 seconds, was 031 fetd; 
and speed of the swell biding -17 -25 mih^s. 
This chapter discusses how to (hdauaniuc tln^ 
licight of ocean waves from ships on tlndr 
course, the sea rootii rcquircMl for tlu^ full 
devedopment of waves, th(^ st(Hq)imss of 
waves on oceans, inland s(‘iis and ladv(\s, a-nd 
corn.dudes with an account of the reaeddon of 
ocean swell upon the wind. A practie.al 
point affecting meteorologicail reeoi-ds is 
indicated as arising from tlio obs(u.’vaitionH, 
viz., the direction of tlic curl on the wav(vs 
or in other words, their diretdu’on of biv-aking, 
is in fact the resultant of wave and swell, 
so that tii(‘, g(aicral run of the waves providers 
a morc'- reliable index of tlic direction of the 
wind. The siicond and third chapters dead, 
with waves in sand and snow fornuid and 
propelhul by wind and current, and tidal 
bores and other progressive waves in rivers. 

Tlic book will always bo found invaluable 
to navigators, .I\.oyal Marine Engineems, 
meteorologists and students of Pliysics. It 


is (Muinent.ly n'a.dabh' a-nd suhjJaJ -ma.Miu* 
is tivat.(‘d in a. simple. a.nd (d<‘ga.ut si yhv 
illuvstra-tions an*, supmd). Tluaa* is a short. 
sel(‘ct(‘d list, of origiiia.l eonl rihiil ions by tJu* 
autrlior upon waiV(‘s aaid a.lliiMl plumomtaia.. 

(1 n()(ni..\pn V oi*' Nou.rn Auiokkvv. P>y ih‘oig(* 
,1. Milhu* asid Alrnon 10. Parkins. (John 
Wil(*y A'. Sous, N(*w York, Im‘., (diapman N' 
Hall, Ltd., Ijondon, 133 1, pp. xviii l-ihil.) 
Pri(*(‘ 2S.V. U(‘.t,. 

W(\ ha.V(‘. btd’ore us a. (-ypioal ((xt hook, 
Ixaiutifully illust.rai(‘d a.nd at t rael i V(‘ly got 
up. Ev(‘.ry g(‘ogra.plneal topic is a.dtMpia-l (dy 
ti’(*.a.t,(‘d a.ml (*V(‘ry a.Sfxad, of human prohhmi 
is (*.onsid(*r(Ml from 1 lu^ standpoint of tlx* 
(ui vironm(m(,a.l faet.oi’s a.nd r(‘soui’C(*s aa a-iU 
a.hle for pi'omot-ing its (‘Xpn.tision. 

ddx* history of (.lx* rtmia.rkahh* dovelop- 
meid. of Nort h Anu*ri(ai siiux* its oeni j)a.i ion 
])y tlu^ whit.(*, nmu mnsi, always foi'm an 
(‘xtnuiudy r(*ma.rka.hl(* (‘ha.i)l(‘r of (lx*g(nxn’al 
pi’ogress of huma.n ei\ ilisa.t ion. The 
comma.nding }x)sit.ion whicdi ( lx* w<‘a!l h of 
Hie na.tura.l I•(*.s<)urc(^s of Miisgnait coidiixmt. 
luis giv(*n to its pe.oph^ in 1 lx* ini (‘rnal ional, 
polil.iea,! and soeia.l a.ffa.ir.s of (lx* world is 
likely to IxMainx*. gr(‘a.t(*r in (lx* fuliii’t*, in 
eons(‘.(jn(*m‘(^ of tlx*, ine.reasing <‘x plojta.1 ion 
of Hx*. m(^a,ns for its a.iignxml at ion. Tlx* 
potentialities of Nort h Anx*ri(’a. an* almost 
Iimith*.ss aaxi thc! gt'uius of I fx* Anxuaeans 
for t.luu'r utilisation is a.lso (*(|mdly great. 
The whoh*. tlx*.m<M)f t.ln^ Ixmk is how the 
colonisation of Anx*:’iea. stimulated (lx* 
natural desin*s aaid a.mbiHons of Hx* early 
<)(!e.Uf)a.id.s a.nd how i.h(*y nr.nh* us(* of Hx* 
ass(*.ts of the m*.vv e.ountry. d'he ouleonx^s 
of Hindi ('nd(*a.vours must, he naturally 
ndloe.t(Ml in Hx*. soeda.l, political and (‘eono» 
mi(* orgaaiisations of Hx* p<*ople' and Hx^ 
history of l.hesi^ inst.itnt.ions forms an 
inti'.n^sting e.Iiaqitcu’ of j.lx* book. 

Tln^ IH>[)ula.tion prohhmi (d’ North Anuudea 
Iia,s a. j)(*.eailia.r int(*.nvHt.. ddien* is tdx* indigt*- 
nous (u'vilisaition sup(u*-imposi*d by a. nion* 
virih^ [Hu' 0 [)ea.n e.idtuia^ a.nd a. large body of 
imported n(^gr()(>is witli (.lx* cons(*f(in‘n(da.l 
hybrid [lopiilation. (iimstions such as Hu*. 
rights a.n(l ohligad.ions of eiHzi'nshif) a.ixl 
aerpiisition of firopmty, whicdi must. (mierg(* 
ill an jKiUte form soomu’ or lat<*.r, have to lx* 
foreseen and a.iisw(*.r(al in a ma.nn(*.r which 
would avoid ugly (hu'elopnxmts. Tin* 
griuitot (leiisity ()f popuhition is in Hu*. l)el(= 
competing Boston and Ihmnsylvauia, t.lirougli 
.Now York — a strip of eountry wlxwe tlu^ 
conditions arc highly favounibh^ for man 
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i.o nuik<^ a, living throu^ii conuuo.roc, manu- 
fa,(*t.uri‘ a,n<l t.ra,nsp()rt.a,tuoii and linancial 
{.ra,usa(d4()nH. Since :U):U), the population 
(‘an*v(': iH on tlie liorizontal and restriction of 
^rowtli is due to tln^ ^einu’al pi'aetice of 
birth-eontrol methods. Wlietlier limited 
popuh.ition is a. nuirk of mational prosperity 
is a. (pn'st.ion which eivcli c.ouutry must 
aaiswiM', t.hou^-h it is trm^ that the (itness of 
a. c.ont.iiumt is best lnea.sur(^d by tlu‘. number 
of pt‘.opi(‘. it. c.a,n support. Theoretically it is 
t.ru<^ ( ha-l. Mi(^. ]) 0 [)uhiti()u .growth should not 
(‘xc.<‘cd th(^ limits of the sust(ma.n(‘.e power 
of th(‘ country, but ha.ve we any reason to 
think (.hat our improvamumts liave rcaclual 
a. s(.a.e:t‘ beyond whi(di they cannot proceed'? 

ch(‘ckinjL>f of soil <u‘<)sion, careful selec- 
tion of s(aMb t.ln^ a,da.]>(.a,tion of crop to soil 
a, ml (dima.t.(i, tli(‘, brcMaliipe; of new varieties 
of <*.roj)s, th(^ iid.roduc.tion of new ])lants, 
bet(<‘r uud.hods of t.illa^c, the improved 
nud.hods of tln^ a.ppli(aU;ion of ma.uures and 
f(u*t.ilisers, (.h(‘ jiropin* a.nd a.de.(pial;e supply 
of wa.ti'r for irri.t?a.ti()n, the improved 
nud.hods of c.al.(.h‘-r(eirin^-, poultry and pig 
fa.rming UiUd tlu^ (exploit. a.tiou of lislicries 
niusl. pro\'id(* work, food a.nd ha.l)il.a.tion for 
(,h(^ ovau’llow of ])0[)ulation from the 
indn.st.ria.l a.ud ma.nufa.cturing (uMitrc^.s. 

Th(‘. book is a. lim^ (cxaiinph^ of w]ia.t 
gnu)gra,[)liica,l tn^itises ought to be. h>ery 
(oj)i(‘, is discuss(Ml aidiMpiaXidy a.nd critically 
a.nd (*V(‘.ry (dia.fit.i^r c.()n(dud(‘.s wil.h a. set of 
s(.itnula.t.ing <pu',s(.ions, f)rohl(mis aiiid (‘.xcu*- 
cis(*s. A (*.oini>hd.(‘- list, of nd'iu'imc.e books 
for libra, ry work is givum for (.he students. 
Ih>li{.ic.ia,ns a.nd <‘.(‘.onomis(,s will lind in this 
book as much gui<la.n<u^, in na.tioua,l planning 
a.s slaideid.s of (hu)graphy will lind matter 
for ol>l’a,ining a, consfUMd.iis of tlu'. a.ma.zingly 
intrica.t(' probhmis of tlu', Nortli Anuuacan 
coni.immt'. 


PiMNCunaos OF Human (1 raumACUY. By 
Bllswort.h Huntington and Sumner W. 
Crushing, (rlohn VVih‘,y <S:i Sons, N(‘.w York, 
Inc., (diapman Hall, Id.d., London, 1931, 
pp. xxii 1-153.) Pri(*.e IS.v. iUL net. 

ddie T(U‘.cnt ndorins introdmuMl into the 
nietluyds of teaching gn.ography in the 
S(‘.ho()ls a.iul Collc.g(\s n(u*.cssitat(‘. the pub- 
li<‘.a1.iou of t.ext-books with a wider outlook 
on the different principles, and Messrs. 
Glmpman & Xlall ]ia.v(i produced an 
excellent series of geograpliical treatises. 
Wc ac(U)rd tlicni a cordial welcome. The 
principal feature of these books is that 
at the end o£ every cliapter, questions, 


exercises and problems are proposed, which 
vary in difficulty and in subject-matter, 
some being physiographic, some economic 
or historical and many anthropogeographic. 
The main advantage of such graded exer- 
cises is that the teacher and the students 
have a wide range of choice suited to their 
ability and interests. Most of the problems 
are applicable to countries other than those 
treated in the text-books. The knowledge 
of the local region, to which the problems 
arc in the first instance to be applied, will 
furnish the background against the under- 
standing of the remotest parts of the world, 
will become increasingly clear. The 
exhaustive list of reference works given in 
the book will be an inducement both to 
the teacher and the students to obtain 
additional information in working out the 
exercises such as are intended to be solved 
by the co-operative effort of a group of 
pupils and the teacher. 

The province of human geography is 
very wide. It includes a description of 
tlie apx)carance, dress, manners, food, 
pastimes, occupations, dwellings, economic 
and social organisations, public institutions, 
government, religion, education and cul- 
tural history of the people of the world. They 
differ widely. It must be an interesting study 
to discover the causes which liave produced 
wide differences in the civilisation, efficiency 
and progressivoness of the people. Every 
one of these problems sugges(:s numerous 
subsidiary subjects for study and investi- 
gation. 

ddie first part of the book dealing with 
man's relation to physical environment 
gives an idea of the scope of the enquiry 
attempted by the authors and is intended 
to serve as a general introduction to the 
succeeding parts. As an illustration of the 
problem in Human Geography the Khirgliiz 
nomads of Central Asia are described in 
the preliminary section, which is a typical 
case of segregation ” or ‘isolation ” of a 
small body of people who have reached a 
stage of exhaustion of adaptive potentialities 
and unless they come in contact with the 
more civilised nations, are bound to become 
extinct amidst their inhospitable surround- 
ings. The history of these semi-civilised 
people is an excellent chapter in biology. 
Whether the influence of ^ the environment 
is favourable or prejudicial to the growth 
of new civilisations in isolated territories, 
must depend both upon the community 
• settling on them and on the natural 
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resources and assets of the lands. To the 
Papuans the message of the l^Tiagara Palls 
must always remain subconscious ; the 
genius of the Scotchman cannot transform 
the Kalahari desert into an earthly paradise. 
The efficiency of man in conjunction 
with good geographical surroundings de- 
termines his progress. The decline and 
extinction of the great historical civili- 
sations are due to the causes which 
led to the disappearance of the races 
of gigantic creatures which at one time 
dominated the earth's surface. Just as 
the wheels of the railway coaches are 
tested at important stations, as to their 
soundness for undertaking the forward 
journey, so the civilised nations have to 
pause at important stages of their industrial 
progress, to test their adaptive potentialities 
in case of a sudden crash in their artificial 
environment. 

The subject-matter of the hook is wide 
and varied. It is adapted for the use of 
junior students as Avell as for the more 
exacting requirements of senior scholars. 
Interesting and important problems are 
prescribed for additional work. Students 
of Biology and Anthropology will undoubt- 
edly profit by a perusal of the book. Ko 
person can follow intelligently the topical 
events discussed in the daily newspapers, 
if geographical knowledge does not form 
part of his mental equipment. Geographical 
works of this kind must have a great 
humanising influence, their message extends 
beyond instructing the intellect. 


Tertiary Faunas : A Text-Book for 
Oilfield Pal.eontologists and Students 
OF Geology, Vol. II. The Sequence of 
Tertiary’ Faunas. By A. Morley Davies. 
(Messrs. Thomas Murby & Co., 1 Fleet 
Lane, E.C, 4, London, 1934, pp. vi-f235.) 
Price 15s. net. 

This book is the outcome of the needs of 
the students of Oil Technology of the Koyal 
School of Mines for whom the author was 
required to organise a special course in 
Palaeontology, and it deals with the 
succession of the Tertiary Faunas in all parts 
of the world. It is well known that the oil 
supply of the world is derived from the 
tertiary formations and a complete know- 
ledge of these rocks and their fossil contents 
must be an indispensable part of the equip- 
ment of the Oilfield Geologist. However, 
the usefulness of the book is not restricted 
to oil-prospectors. To the geologists and 


all students of Palaeontology, the book is 
equally important. 

The author’s intention was to publish his 
work on Tertiary faunas in two volumes. 
The first volume was to deal with the 
systematic portion of the subject, providing 
descriptions of all groups forming the 
assemblage of fossils peculiar to this epoch. 
The publication of volume I is delayed and 
the publishers hope to issue it towards the 
end of the year. 

The author in his work on An Introduc- 
tion to Palaeontology” introduces the 
students who have to study the subject 
as a self-contained unit, to the general 
facts, problems and results of this bi^anch 
of science. The type-study system followed 
by this book gives the reader a full account 
of the common species from which he 
proceeds to obtain a general idea of the 
characters and range of variation of the 
group to which the particular species belongs. 
A knowledge of the outline of the subject 
is a necessary condition precedent for the 
study of Prof. Davies’ work on the Sequence 
of Tertiary Faunas. 

Palaeontology is generally considered by 
students duller than even Mathematics. 
Evoking interest in either of these subjects 
lies in the mode of handling and presenting 
its contents. Palaeontology in its general 
aspects dealing with the distribution and 
rhigration of animal groups, the conditions 
under which they flourished or became 
extinct, the significance of them in relation 
to the process of evolution and the correla- 
tion of geological formations in different 
regions and the former distribution of land 
and sea, provides us with a picture of the 
world that has passed away. 

In Europe the upper reaches of the 
Cretaceous rocks are separated from the 
Eocene formation by an abrupt gap. The 
faunas of the latter are strikingly different 
from the groups occurring in the earlier 
deposits and the abrupt change is noticeable 
in the almost complete disappearance of the 
genera and species characteristic of the 
Cretaceous period. In India the Tertiary 
era is not only of interest in respect of the 
successive faunas, but also in regard to the 
physical history of the entire sub-continent 
including the Himalayas. It is usually held 
that towards the close of the Cretaceous, a 
large part of the Indian peninsula witnessed 
a series of eruptions, spreading lava and 
pyroclastic materials over an area of 200,000 
square miles having a maximum thickness 
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of 10,000 feet. From a study of the petro- 
le)gical and mineral characters of these rocks 
known as the Deccan Traps which overlie 
the Bagh beds and Lameta series, their age 
is regarded as not older than the Cenomanian 
sta/ge of the Upper Cretaceous, and not much 
younger than the Danian stage of the 
topmost Cretaceous. But recently the 
evidence afforded by the Fossils, tends to 
show that the Deccan Traps cannot be older 
than Eocene and it is presumed that they 
owe their origin to the great earth move- 
ments which overtook India at the beginning 
of the Eocene period which resulted in the 
breaking up and submergence of the Gond- 
wana continent and the uplift of the sea 
deposits into the Himalayas. 

The book under review devotes very little 
space to the history of the Tertiary Fauna 
of India and is almost exclusively occupied 
with that of the continent of Europe with 
such references to other land areas as may 
be necessary to give the students a conspec- 
tus of this most interesting epoch of the 
earth's history. No episode in that history 
is more dramatic than the rapid evolution 
in India of a most varied population of the 
different orders of mammals between the 
Mid-Miocene and Pliocene, usually known 
as the Siwalik system. On page 201 of the 
book, the term ‘‘Siwalik Hills” is just 
mentioned in connection with the Hipparian 
fauna of the Potian. 

As a text-book for oil-field palaeontologists, 
the book serves its purpose admirably and 
even students of general geology will find it 
a useful guide in their studies of detailed 
Palaeontology. Within the limits prescribed 
by the author and the circle of students 
whom his wmrk is intended to benefit, the 
book is certainly useful. It will be a welcome 
addition to general palaeontological literature. 

Students requiring more detailed informa- 
tion on subjects treated in the book and 
what is not fully treated, are provided with 
a complete list of reference works. The 
usefulness of the book is further enhanced 
by tables of approximate correlation of the 
Lower and Upper Tertiary formations and 
the principal mammalian faunas of Older 
and Newer Tertiaries. The mass of informa- 
tion contained in the book is its chief value. 


Peinciples of Animal Biology. By A. 
Franklin Shull with the collaboration of 
George E. Larue and Alexander G. Euthven. 
(McGraw HUl Book Company, Inc.^ New 


York and London, 1934, pp. xiv-f400.) 
Price 215. net. 

The fourth edition of Professor A. F. 
Shull’s book is the outcome of the rapid 
changes taking place within recent years 
both in the content and the methods of 
exposition of Zoology. The subject has 
acquired a distinct human bias; experi- 
mental methods of research are increasingly 
adopted, and the study of behaviour has 
assumed a great importance. The changes 
in the method of approacli to the zoological 
problems are more pronounced in America 
than in Europe. We have a great body 
of observational and theoretical facts in 
the new departments of knowledge such as 
ecology, genetics, and cytology of which 
there is an adequate treatment in the book. 

The first chapter gives an account of the 
growth of biological science from the days 
of the early Greek philosophers, and traces 
the converging lines of the contributions 
which have rendered biology seemingly a 
composite science. The constituent parts 
overlap and thus give a unitary outlook 
to the subject. Their methods of study 
may differ ; but all investigations ulti- 
mately tend to an elucidation of the pheno- 
mena of life and its evolutionary potentia- 
lities. A sketch of the life of the great 
biologists provides the necessary historical 
and philosophical background so necessary 
for the cultural value of scientific training. 
In tlie third chapter the student is intro- 
duced to the study of the elementary 
chemistry in its relation to Biology and 
this equipment of knowledge in a sister 
science is indispensable to an understanding 
of the operations of the cells. Then we 
have a series of chapters dealing with the 
organisation of cells and their constitution 
in the metazoa, their histology, physiology 
and reproduction. The chapter on genetics 
is accompanied by a number of interesting 
problems, and in the chapter on taxonomy, 
the requirements of a genetic classification 
and biogenetic law are briefly discussed. 
Chapter XVII is devoted to the exposition 
of ecological problems and the appendix to 
this chapter gives a synopsis of commu- 
nities adopted by a Committee of the 
Ecological Society of America. The suc- 
ceeding chapters on geographical distribu- 
tion, fossil animals, modification of species 
are treated with reference to recent develop- 
ments in each of these subjects. 

• The book supplies a distinct want. It 
is a yaluable text-book. No pains have 
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been spared by tlie authors in carefully 
planning the subject-matter and presenting 
it in an easy and attractive manner. Of 
the many good features of the book, special 
mention is to be made of the profuse 
illustrations, the problems and exercises for 
further study, a list of reference books, and 
an explanatory glossary of technical terms. 
The comprehensive and lucid presentation 
of the whole subject-matter must be the 
chief recommendation of the book which 
we hope will be used in all the Colleges 
where biology forms part of the University 
course of studies. 


The Dinosatjus : A Shor'c History of a 
Great Group of Extinct Eeptiles. By 
W. Swinton. (Thomas Murby & Co., 1 Fleet 
Lane, E. C. 4, London. 1934, pp. xi+721.) 

Generally speaking the history of reptiles 
is interesting as furnishing evidence of the 
reptilian ancestry of the higher forms such 
as the birds and mammals ; and that of the 
Dinosaurs is fascinating as giving us an 
insight into the enormous size and com- 
plexity of these forms which at one time 
dominated the earth’s surface. These ter- 
rible animals attained apparently a point 
of developjnent at which they must have 
lost elasticity and power of adaptation to the 
new conditions introduced by the Tertiary 
era, with the consequence that their entire 
race became extinct. However, during the 
period of their maximum development, they 
had differentiated in a number of ways for 
the diverse modes of existence and the 
climatic conditions under which they 
lived. 

The Mesozoic epoch, also known as the 
Age of Eeptiles on account of the preponde- 
rance of these animals, witnessed the com- 
ing into existence of a bewildering variety 
of these creatures which dominated every 
sphere of life. Among the land reptiles of 
that age those which had adopted a mode 
of life suitable for existence on trees, in 
swamps, fertile plains and sandy tracts, 
are generally included in the group known 
as dinosaurs. The group is divided into two 
main orders on the basis of the elements 
comprising the hip girdle ; the sauriscMa 
including the carnivorous and herbivorous 
forms and ornitliiscMa only plant- 

eaters. They lived within the period which 
commencing with the middle Trias ended 
with the Upper Oretaceous and consequently 
the diphyletic origin of Dinosaurs is postu- 
lated^ Among the primitive ancestors from 


which other reptiles, contemporaneous with 
Dinosaurs, Ornithischia, Saurischia, ptero- 
dactyles, crocodiles and birds seem to have 
had their origin. The early members of 
dinosauria possessed a great evolutionary 
potentiality and this impetus of forward 
movement manifested in the appearance of 
the carnivorous (Theropoda), the amphibious 
(Sauropoda) and the beaked and the 
armoured forms (Orfchopoda). The physical 
and biological characters of the world in 
which these reptiles moved and had their 
being, were far different from the distribution 
of land and water and the fauna to-day, 
and these conditions provided them with 
sufficient supply of food and suitable climate. 
With tlie disappearance of these reptiles, 
the aspect and the contents of the world 
have changed and have tended to assume 
the present day characteristics. 

The book gives an excellent and complete 
picture of the origin, the anatomy and the 
general habits of these extinct Eeptiles which 
both the amateur naturalist and the expert 
palaeontologist will find interesting. It is a 
valuable addition to our paleontological 
literature. It is difficult to write a book on 
what is usually considered as an uninterest- 
ing branch of knowledge, which will be read 
with pleasure and profit and the author 
deserves congratulations on successfully 
accomplishing a task seemingly impossible. 
The illustrations are beautiful and the text 
figures are clear and helpful in understanding 
the anatomical features of the animals which 
form the subject of an indispensable course 
of palaeontological studies. At the end of 
each chapter is given a complete list of 
references. In Appendix A is given a 
list of British dinosaurs only, but as the 
book attempts to deal with the group as a 
whole, one might wish for a fuller list of 
dinosaurs in the schematic form in which 
the British forms are represented. In 
Appendix B we have an explanatory glossary 
of all the scientific and technical terms used 
in the text, and this must be of invaluable 
help to all readers who are not familiar 
with scientific terms. The study of these 
animals is rendered complete by the inclusion 
of a chapter on the diseases from which 
they suffered, the causes which lead to the 
disappearance of the entire group, their 
homes, haunts and habits and the zoological 
and geological importance of their study. 
The dinosaurs have a message even to the 
mining and civil engineers whose interests 
have not been forgotten by the author. 
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W(' r(MUl this book with .G^enuiiic 

iid o.r(*.sl, jind f)r()lit. Oiiul w(Huiv(M‘.V(a‘y riMison 
to hop(^ tha.t otluM’ r^mdors will liiid both 
in its jXM’USiil. ddiis is oikh of thoso S(*.ioul;ili(*. 
works wlii(di (nno’y ina.ii wlio (daJins to bo 
(niltur(‘d must [)oss(‘ss a,nd poruso. 

'Pnio tka)0()(JV ok An[i\ta.ls. l->y ^lha.rl(^s 
Fdton. (M(dbu(Mi (h)., Ltd., dll, li)ssox 
St.r<MdA W. (-. London. [> 1 ). tST.) lb*i(*.(‘ 

d.s*. iUl. lud . 

Oxford H><diool of tk'.oloy’y luis popii- 
l:i.ris(Ml tli(‘ snbjcud. a.nd iU inil u(ui(*.(‘ is i»T(‘a.L 
So()iH‘r oi“ l;vi (U* it is hound to form pUii-t of 
t.h(^ syst(una,t'i(* (*ours(>i of biolo<>'y mid to- 
,U*olhi‘r with th(^ staidy of tho boha.viour of 
or‘»'a.nisms, i.ho t-wo bra.n(du‘S of knowlodi^o, 
it is hopcMl, will impa.i‘t a now outlook 
and sii^'nilioaiiuuH to tho toachin.i^ of ^j^onora.1 
Zoology. Lh(^ (M‘.oh)<j!:icnl study nd’ors to tho 
r<da.tioii of 0]‘i>'aiiusms t:o th(‘. (uiviron- 

nuMit, t.h(^ intor-nda.tions of animals, tlndr 
popu lad.ion, i»am(‘rail huibits, mi^’ration, food 
and (uunnii^s a.nd thoro an^ thr(‘.o midihods 
of a^pproaxdi, viz.j ludd obs(u*vation, oxpori- 
nnmtait.ion, naid nonunu'.la.turc^. Tho yioints 
of (•on{.a(*t. wlu(di (uailo^y mti.k(‘.s with otlnu’ 
subj(‘ots ar(^ taxonomy, inori>holo^^y a,nd 
(•om[)aa*ativ('. anatomy. Tho study of animal 
boLa.viour, on t-lu^ otlnu' ha.nd, loads to cotm 
pa.ra.tivo psy(*.h<)logy and tho aotion of 
physical limitin^ij factors rotiuiriug a know- 
huigo of physiology. 

Tin*. P>ritish and Amori(‘,aiv Lc.ological 
Sotd<‘di(is hav{i organisiMl Hnrv(\ys and have 
(hdliuMl (•.otnmunitios. dhioy wore prima- 
rily undortakiui in coiuiootioii witdi 
a.gricultural roscvarcli. Tho importance of 
[da.nt a.nd aaiima-l organisms in relation 
t,o soil fcM'Idlil.y is a, matter of common 
knowliulgi^ \vhi(*.h ha.s bium giMvatly systern- 
a.t.isi‘.d a.nd eularg(ul by (‘.c,ologi(*.al r(‘,S(r.i,r{dies. 
L'rom th(^ jioint of view of developing marim^ 
fo]‘(^st a.nd otlier resources, (‘-Ofnpndnmsive 
(U‘ologi(v.il surv('iys have still to be organ- 
is(ui a,nd there jire gaps in our knowledge 
of the nundier and variety of animals in grass 
moors, h(uig(U'OWs, swamps, sand-dunes, 
ponds and liill streams, still to bo bridged. 
TIuu*(i are ot.luu' economic probUuns which 
fa.ll within tlu^ province of ecological investi- 
gations, such a,s the diseases of man ; those 
relating to useful land produce, fisheries 
including wliale iislieries; conservation of 
iis(dul marninals and birds. Apart from tho 
int(U’ost whicdi such studies have on the 
gcmeral health and well-being of man and the 
exjyansion and prosperity of liis industrial 


organisations, tlie future of ecology as 
tile accurate study of natural liistory is 
liound up with the planning of educational 
courses for rural and urban scliools. 

This little manual provides the reader 
with a general knowledge of the scope of 
tliis interesting branch of natural history 
in all its aspects. The book is a good addi- 
tion to biological literature and students 
in s(diools and colleges studying biology 
will lind it an exc(dlent manual. Its usefui- 
ii(‘ss to tli(‘. prac.tical agriculturists, to 
stndcuit.s of medkdiKi and forestry is equally 
gr(‘.:it. Tluu-e is a, sideched list of reference 
works to whi(di liaubu’S wisliing for more 
detailed information than is provided in the 
hook its(df, may refer. The book maintains 
the high traditions of the Methuen Biologi- 
cal Series. 


NA'rVlMO S'1'U3)Y ItKADERS : TeACHEKS’ 
Son EM E Book for FiuiS'r and Second Year 
IhfiMLS. By Pliyllis S. Barling, M.E.S.T., 
hMv..(*.S. (Oxford University Press, Bombay, 
Oahuitta and Madras, 1934, pp. 55.) Price 
As. S. And 

Nature Study BiEAder for Second Year 
Piri>iLS. l^y Phyllis S. Darling, M.E.S.T., 
P. E.O.S., with Decorations by Mina 
Ihichauan. (Oxford University Press, 
Bombay, Calcutta and Madras, 1934, pp. 11.) 
Pric(‘. As. 4. 

These two little books do a great credit to 
tlie enthusiasm and sincerity of the author. 

q?li(j aim of this series is to lielp pupils eand 
teach(U\s, too, to colhuit eviflenco by being always 
watchful and ready to seize every opportunity 
that. (JouK^s to them, tlien to try and draw 
conclusions by examining and classifying 
the material tluy hav(‘ collected, and finally to 
t(^st tiieir own cuonclusions, by comparison with 
tli(>s(‘ of otliers and by furtlier investigation.” 

Stated in a less eloquent way, the object 
of the book is to open tho eyes of the pupils 
to tho variety and beauty of animal and 
plant life in their surroundings so as to lead 
them to take an intelligent interest in the 
habits and iiiteiTolations and life histories 
of animals easy to be kept under prolonged 
obs(n*vation. Oliildren take a great interest 
in making collections, in sorting them out 
and naming them. This instinct is the 
basis of all future education, the success of 
which depends upon its early cultivation. 

In the Indian schools, there is a dull 
uniformity of courses and the little interest 
and curiosity which the children may bring 
with them are practically killed either by 
the ignorance of the teacher or by the stupid 
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curriculum. If tlie educationist were to 
succeed iu introducing nature study as part 
of instruction, it is forthwith taught from 
a book in schools situated in the busiest 
streets of a populous town. Education in 
Indian primary schools is deplorable. Plow 
the children survive this torment, is a 
mystery. A large number succumb annually. 
Education yields its best results when it is 
imbibed unconsciously. Have we provided 
for it 'I These little books point to the way 
how to do it. 

The lessons for the first and second year 
are carefully chosen and the pupils are given 
plenty of interesting exercises which they 
would love to do. These books are intended 
to provide guidance to the teacher and the 
author has been- careful not to give details 
lest they should be dictated to the pupils. 
If the instructions of the book are faithfully 
carried out, we have no doubt that the 
children’s powers of observation, their 
manipiilative skill and desire to learn first 
band are bound to improve. 

We congratulate the author on . the 
extreme care and sympathy with which she 
has written the books for the use of the 
little pupils who, we have no doubt, will 
greatly profit if the teachers in charge of them 
know enough of the subject-matter to handle 
it intelligently. We would like to see further 
publications of the series for the higher 
classes. 


The Electeonic Theoev of Chemistey, 
Ey E. E. Hunter. (Edward Arnold & Co.) 
Price 8s, 6tl. 

The Electronic Theory of Valency, a 
logical development of thought and experi- 
ment in the field of theoretical and experi- 
mental physics and chemistry, has now 
advanced to such a stage that no serious 
student can afford to neglect its study. The 
synthesis of urea is considered to be the 
birth of synthetic organic chemistry, and 
in a sense the conversion of ammonium 
cyanate into urea is a tautomeric change. 
In spite of the fact that tautomerism was 
known for over a hundred years and many 
examples are crowded in all books dealing 
with organic chemistry, no intelligent expla- 
nation of the phenomenon was possible till 
the Electronic Conception of Valency was 
applied to organic reactions by the British 
School of Chemists. 

The theory of aromatic substitution has 


been a difficult side of organic chemistry till 
Lapworth, Eobinson, Ingold and their col- 
laborators placed it on the sure footing of 
electronic conception. The conception of the 
sextapule (closed group) theory of benzene 
constitution, developed by Eobinson and 
Ingold, and applied by Eobinson to explain 
the aromatic type ”, has been the subject 
of a brilliant analysis by Hlikel. The classi- 
fication of reagents into different groups by 
Lapworth and Eobinson, and Eobinson’s 
experimental substantiation of a series of 
organic reactions have effectively settled 
many vague and profitless speculations. 

The stability of free hydrocarbon radicals 
was first tackled by Ingold who introduced 
the conception of ionic dissociation of 
hexaplieiiylethane molecule. Eecenfcly Paul- 
ing and Wheland have applied the quantum 
mechanical method of calculation of reso- 
nance energy to free hydrocarbon radicals, 
and their results lend great support to 
Ingold’s theory. 

Sidgwick’s theory of co-ordination is one 
of the greatest achievements of modern 
inorganic chemistry. The explanation of the 
ammonium- ion formation by the co-ordina- 
tion of a proton is the only intelligent 
explanation available. The structure of the 
isocyauide group and carbon monoxide on 
the basis of semipolar double bond have 
received considerable support from the study 
of Eaman spectra. The work of Heisenberg, 
Dirac and others have resulted in the con- 
cex)tion of the single .electron linkage, and 
its applicability for elucidating the structure 
of many compounds has been fully demon- 
strated. 

The book under review is a very admirable 
treatise of the subject and is certainly an 
acquisition to cliemical literature. It is 
conveniently divided into twelve chapters 
and these, taken eitlier individually or col- 
lectively, are difficult to be improved upon, 
considering they are the subject-matter 
of a series of lectures, normally of an 
hour’s duration. A highly satisfactory author 
index and subject index, and the important 
references given at the end of each chapter 
add to the usefulness of the publication. 
I would, without the least hesitation, 
recommend to each and every student of 
chemistry to possess a copy of Prof. Hunter s 
contribution to the study of modern organic 
and inorganic chemistry. 

K, Menon, 



